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 Diabetes and Covid-19 are two devastating 
pandemics, which have been frequently associated in 
recent months. They have very different characteris-
tics: Covid-19 is an acute and communicable illness, 
while diabetes is a chronic and non-communicable  
disease. Nevertheless, there is a close connection be-
tween them.
 COVID-19 is a new pathology caused by se-
vere acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), an outbreak with a new coronavirus that was 
declared a pandemic by the World Health Organization 
(WHO) on March 11, 2020. Coronavirus is a family of 
viruses that includes SARS and MERS (Middle-East Re-
spiratory Syndrome). There is increasing evidence of 
human to human transmission [1].
 The first infection cases (a new form of atypi-
cal pneumonia) emerged in Wuhan, Hubei region, Chi-
na, in December 2019. More specifically, it seems that 
the starting point was the section of live animals of the 
Huanan Wholesale Market [1, 2].
 The epidemiological status is continuous-
ly changing. A global and national overview updated 
on April 20, 2020, stated that “Globally, a number of 
2,408,359 patients were diagnosed with Covid-19, of 
whom 26.12% recovered, 6.85% died and 67.01% are cur-
rently infected, while 54,216 were in a severe and critical 
state (2.25% of the total)”. On the same date, there were 
8,746 diagnosed cases in Romania, of which 21.63% re-
covered, 5.15% died, and 73.21% are currently infected, 
256 (2.92%) being in a severe and critical condition[3].
 The data regarding the association of diabetes 
with Covid-19 are controversial. There is a perception 
that the risk for both infection and severe disease is 
higher in patients with diabetes; it seems that diabetes 

increases the hospitalization and mortality rate of pa-
tients with Covid-19. 
 It is possible that adequate glycemic control 
may reduce the risk, but not completely eliminate it 
[4-7]. This finding is consistent with the association 
between diabetes and excess mortality caused by any 
acute and chronic conditions, including infections [8]. 
There are some risk factors that increase Covid-19 mor-
bidity and mortality: people aged 65 and older or peo-
ple of any age who have serious underlying medical 
conditions such as severe obesity (body mass index(B-
MI) ≥ 40kg/m2), diabetes, chronic lung disease includ-
ing asthma, people in nursing homes or long-term care 
facilities, severe heart conditions, hypertension, im-
munodepression, chronic kidney disease, liver disease, 
and others [5, 9-11].
 The Chinese Center for Disease Control and 
Prevention analyzed mortality among 44,672 con-
firmed cases and found the following: total mortality 
was 2.3%, increasing with age, reaching 8% in people 
aged 70-79, and 14.8% in people over 80 years old, while 
skyrocketing to 49.0% in critical cases. Mortality was 
higher among patients with preexisting comorbid con-
ditions: 10.5% for cardiovascular disease, 7.3% for di-
abetes, 6.3% for chronic respiratory disease, 6.0% for 
hypertension, and 5.6% for cancer [12]. 
 More relevant, recent data coming from Ita-
ly showed that more than two-thirds of COVID-19 pa-
tients who died by severe acute respiratory syndrome 
had diabetes [13, 14]. 16% of the patients with severe 
forms of COVID-19 had diabetes, in contrast to only 
5.7% of those with mild forms of the disease [6].
 The possibility of involving several mecha-
nisms that may increase the susceptibility for COVID-19 
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in patients with diabetes is being discussed: the exis-
tence of an increased affinity of the virus towards the 
cellular receptors and their intracellular entry facil-
ities; cellular receptors are represented by angioten-
sin-converting enzyme 2 (ACE2), expressed in the up-
per respiratory system, type I and II alveolar epithelial 
cells in the lungs, the heart, endothelial cells, kidney 
tubular epithelium, enterocytes, pancreas, liver, gut, 
partially explaining multiorgan insufficiency in severe 
forms of infection; increased ACE2 expression at these 
levels may favor increased cellular binding of SARS-
CoV-2 [15-17].  
 The increase of ACE 2 expression in lungs, 
kidneys, heart, and pancreas has been demonstrated 
on animal models with diabetes, data which has been 
confirmed in humans as well. On the other hand, some 
drugs frequently used by patients with diabetes, like 
glucagon-like peptide-1 (GLP-1) receptor agonists, thi-
azolidinediones, antihypertensives such as ACE inhib-
itors, and statins, up-regulate ACE2. On the contrary, 
insulin treatment attenuates ACE2 expression, having 
a possible positive role in patients with diabetes, lower-
ing the risk of infection [17-19]. 
 Increased values of a cellular protease called 
furin have also been described in diabetes, which 
fa¬cilitates the entry of the virus into the cell, acting 
on the spike protein [20]. Decreased viral clearance, 
de¬creased T cell function, increased susceptibility to 
hy¬perinflammation and cytokine storm syndrome 
were described in diabetic patients. Chen X et al. re-
ported in their study that clearance of SARS-CoV-2 was 
delayed in patients with diabetes. However, it is neces-
sary for their results to be confirmed in more extensive 
studies [21].
 In diabetes, a number of immune defense 
disorders occur: it inhibits neutrophil chemotaxis, 
phagocytosis, and intracellular killing of microbes. In 
these patients, an initial delay in the activation of Th1 
cell-mediated immunity and a late hyper-inflammato-
ry response is often observed [17, 21]. 
The presence of cardiovascular disease (CVD), besides 
hypertension, and severe obesity (BMI ≥ 40kg/m2) in-
creases morbidity and mortality in patients with diabe-
tes and COVID-19 [17].
 How does SARS-CoV-2 infection influence 
diabetes? If diabetes can influence Covid-19 morbidi-
ty and mortality, greater attention should be paid to 
how SARS-CoV-2 infection can affect diabetes’s evo-
lution. Hepatic and pancreatic β-cells ACE2 receptors 
for SARS-CoV-2 may facilitate insulin resistance and 

β-cells destruction, worsening hyperglycemia, at least 
during the acute infection and increasing the number 
of people with diabetes. In the long term, however, au-
toimmune destruction of the pancreatic β-cells may oc-
cur, in predisposed subjects, as described for other vi-
ruses, which may induce insulin-dependent diabetes [22].
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Introduction

 According to the International Diabetic Fed-
eration, in 2016, there were 425 million people in the 
world suffering from diabetes mellitus. Two-thirds of 
these are working-age people living in urban areas [1]. 
The leading causes of a significant increase in the inci-
dence of diabetes in urban areas are the change in diet 
(fast food) and decreased physical activity[2]. 
 If the number of deaths from the complica-
tions of diabetes amounted to 1.5 million people in 2012, 
the number was already 5 million in 2015. This is more 

than the total number of people who died of AIDS, tu-
berculosis, and malaria. For every 11 people, one per-
son is suffering from diabetes mellitus. About 1 million 
children and adolescents in the world suffer from type 
1 diabetes mellitus. It is predicted that in 2045, the num-
ber of diabetes patients will reach 629 million world-
wide [1]. 
 Diabetes mellitus, especially the second type, 
often contributes to the development of cardiovascular 
diseases, or, conversely, is found in patients who are 
being examined and treated for the already existing 
cardiovascular disease [3-7]. Type 1 diabetes mellitus  
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also causes the development of cardiovascular diseases, 
which often are subclinical in children and adolescents 
within the first decade of the diabetes mellitus diagno-
sis [8]. It is known that overweight is one of the cardio-
vascular disease risk factors [9]. Usually, it is consid-
ered an independent risk factor, but the prevalence of 
overweight and obesity in type 1 diabetes mellitus has 
increased significantly [8].
 Nowadays, such experimental models as sur-
gical, chemical, endocrine, immune, genetic, and vi-
rus-induced diabetes are used for the study of diabetes 
mellitus [10-14]. The most widespread model is the ex-
perimental chemical model. As inducers of diabetes, 
streptozotocin is used in 69% of experimental studies 
and alloxan in 31% [15]. When used, both substances 
cause the necrosis of the β-cells of the pancreas.
 Over the past decade, the model of streptozoto-
cin-induced diabetes has been actively used. The dose 
and route of administration of streptozotocin have been 
clearly defined [16, 17]. Another chemical substance, al-
loxan, is used to simulate diabetes mellitus since 1943. 
Despite this fact, scientists discuss the optimal dose, 
method of administration, duration, and severity of di-
abetes induced by alloxan even nowadays [18, 19].
 Therefore, our experiment was designed to 
evaluate the effectiveness of the animal model of al-
loxan-induced hyperglycemia in order to study the fea-
tures of heart remodeling in young and mature rats.
Our objectives were to investigate and compare chang-
es in organometric indices of young and mature rats 
and to identify and compare myocardial changes in 
young and mature rats at the tissue level.

Material and Methods

 The experiment was conducted in accordance 
with the European Convention for the Protection of 
Vertebrate Animals used for Experimental and other 
Scientific Purposes [20]. Fourteen rats at the age of 3 
months (young rats) and 14 rats at the age of 8 months 
(mature rats) were divided into two groups: experimen-
tal and control. Control series included 6 young and 6 
mature intact rats. Eight young and 8 mature experi-
mental rats served as an animal model of alloxan hyper-
glycemia. To do this, we injected alloxan, pre-dissolved 
in 0.9% sodium chloride solution, intraperitoneally 
once at a dose of 170 mg/kg on an empty stomach. The 
dose and route of administration of alloxan were based 

on the results of recent studies [21-23]. Taking into ac-
count that alloxan has a toxic effect on the cells of the 
tubules of the nephron immediately after the injection, 
causing acute hypoglycemia, the animals additionally 
received a 10% glucose solution for 24 hours after the 
alloxan injection [19] and a 5% glucose solution during 
the experiment. The glucose level was measured us-
ing Accu-Chek Advantage (Boehringer, Germany) 2, 12 
and 24 hours after alloxan injection, and then weekly. 
The average level of glucose in the blood remained at 
11 mmol/L ± 2 mmol/L. The experiment lasted 45 days. 
The subject of the investigation was the heart of the 
experimental and control animals for correct compar-
ative analysis.
 To study the morphological alteration of the 
heart under the influence of alloxan-induced hypergly-
cemia, we used the following methods: 
 1. Organometry. Rats’ hearts were dissected ac-
cording to Avtandilov [24] and divided into four parts: 
the free wall of the left ventricle (LV), the free wall of 
the right ventricle (RV), interventricular septum and 
atria. We weighted the wall of the LV (LVW) and the RV 
(RVW) with the proportional mass part of the interven-
tricular septum. We measured the endocardial surface 
area of the LV (LVSA) and the RV (RVSA) using the indi-
rect planimetry method and calculated the planimetric 
index (PI) as the ratio of RVSA to LVSA.
 2. Histological examination. The histologi-
cal samples, prepared by the standard method, were 
stained with hematoxylin and eosin and investigated 
using the OLIMPUS BH-2 light microscope.
 3. A statistical method. Obtained data were 
processed on a personal computer using the “Graph-
Pad” software [http://graphpad.com]. Data were ana-
lyzed by unpaired t-test. P values ≤ 0.05 were consid-
ered statistically significant.
 This study was approved by the Ethics Com-
mittee of the Sumy State University, Ukraine.

Results

 The obtained data showed that alloxan-induced  
hyperglycemia causes a mass increase of the heart. 
Thus, in 3-month experimental rats, the LVW was 
33.48% (р=0.0327), higher than in intact animals. The 
RVW increased by 20% (р=0.0287) during the experi-
ment. Planimetric data show the increase of LVSA by 
18.22% (р=0.0061); other organometric indices were not 
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significantly different from the corresponding indices 
of the 3-month intact rats. 
 In mature, 8-month-old rats, we observed a 
more pronounced remodeling process of the heart ven-
tricles (Figure 1). All researched organometric indicators  
changed significantly. LVW increased by 56.29%  
(р < 0.0001). RVW was 42.4% (р < 0.0001), higher than 
the corresponding index of control rats. Besides hy-
pertrophy, the dilation of both ventricles was observed  
in mature rats. LVSA increased by 31.77% (р < 0.0001), 
and RVSA by 45.89% (р=0.0008). PI changed unre-
liable, indicating a uniform dilatation of the heart  
ventricles.

 Myocardial remodeling at the tissue level was 
observed in both age groups under the influence of al-
loxan-induced hyperglycemia. First of all, it is charac-
terized by microcirculation disorders and is manifest-
ed by uneven vascular filling. In some visual fields, the 
vessels are empty; in others, we observed erythrocyte 
aggregation. Moreover, there are some signs of peri-
vascular edema in mature rats. 
 The nuclei of cardiomyocytes are different 
in shape. Most of them are located in the cell’s center, 
but some nuclei reside at the periphery of the cardio-
myocytes (Figure 2). The areas around some cardio-
myocytes’ nuclei are enlightened (the phenomenon of  

Yarmolenko O et al. The Effect of Alloxan-Induced Hyperglycemia on the Myocardium of Experimental Animals

Figure 2: The myocardium of 8-month experimental rats х 800. 
1 – rounded nuclei of cardiomyocytes, located in the center of 
the cell, 2 – elongated nuclei of cardiomyocytes, with marginal 
location, 3 – lumen of arteriola, 4 – perivascular edema.

Figure 3: The myocardium of 8-month experimental rats х 
800. 1 – wavy deformation of muscle fibers, 2 – stromal edema, 
3 – capillary hyperemia

Figure 1: Changes in the organometric data of rat hearts under the alloxan-induced hyperglycemia.
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Figure 4: The myocardium of 3-month experimental rats  
х 800. 1– LV cavity, 2 – papillary muscle, 3 – stromal fibrosis, 
4 – cell infiltration. 

cytolysis). The light microscopy determined that fi-
bers of cardiomyocytes can lose their orderliness; 
sometimes, they are wavy deformed or fragmented. 
Also, muscle fibers are irregularly colored due to their  
overcontraction (the phenomenon of contractional 
damage). The myocardial stroma is swollen and infil-
trated by the blood cells (Figure 3).
 We reveal a local substitution of muscle tissue 
with connective tissue (fibrosis), with focal cell infiltra-
tion. Such a process is mostly observed in the area of the  
papillary muscles (Figure 4).

Discussion

 In the present study, we used young (3-month), 
and mature (8-month) animals and have not involved 
senile rats. This choice is based on the fact that alloxan 
causes type 1 diabetes mellitus, which is typical for the 
respective groups of the population, while type 2 diabe-
tes mellitus dominates in the case of older people.
We found the increase of mass parameters in both age 
groups. The ventricular hypertrophy was more signif-
icant in experimental animals of 8 months of age. The 
same trend was observed with respect to the planimet-
ric parameters: there was a dilatation of the LV in the 
3-month-old animals, and a dilation of both ventricles in 
animals of 8-month-old age. The fact that young animals 
are less susceptible to alloxan is confirmed by recent stud-
ies [18] and might be explained by the fact that the antiox-
idant protection system is decreasing with age [23].
 Light microscopy revealed nonspecific myo-

cardial changes in both age groups of the experimen-
tal animals. These changes indicate the disturbance of 
microcirculation and are represented by uneven filling 
of vessels and perivascular edema. In addition, the 
shape of cardiomyocytes’ nuclei changes; in some plac-
es, they are located marginally, which is a sign of cell 
hypertrophy. Disturbances in the direction of fibers of 
cardiomyocytes, their fragmentation, and contracture 
damage can occur as a result of electrolyte imbalance. 
Moreover, we observed stromal edema and local myo-
cardial fibrosis in young and mature rats. 
 It is known that the leading pathogenetic link 
in diabetes is a disorder of the microcirculation in the 
glomeruli, retina, myocardium, skin and muscles, 
which leads to the development of diabetic micro-
angiopathy. Furthermore, the restructuring of vasa 
vasorum can interconnect macro- and microangio- 
pathy [25]. Furthermore, impaired renal function, as 
a result of diabetic nephropathy, leads to disorders of 
water-electrolyte balance [26, 27]. Therefore, we can 
interpret our findings as myocardial remodeling un-
der the influence of prolonged hyperglycemia. We did 
not observe the normalization of blood glucose levels 
in rats during our study. The mortality of 3 months of 
age rats was 12.5%, and 25% in the case rats at 8 months 
of age.         
              

Соnclusion

The obtained results suggest that alloxan can be used 
for further experiments on laboratory animals to mod-
el type 1 diabetes mellitus and find ways to correct the 
detected changes. 
The features of myocardial remodeling under the influ-
ence of alloxan-induced hyperglycemia are the tenden-
cy for hypertrophy and ventricular dilatation, distur-
bance of myocardial microcirculation, its contractile 
dysfunction, and local fibrosis.
In this case, more of our future studies need to inves-
tigate the remodeling of the heart and vessels in more 
prolonged terms.
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Introduction

 The morbidity and mortality associated with 
obesity represent a fact well known for more than 2500 
years, since the time of Hippocrates [1].
 The optimal management of overweight and 
obese patients should combine medical nutritional 
therapy with caloric restriction up to 800 kcal, physical 
activity, and cognitive-behavioral therapy. In addition, 
some patients may also require pharmacological thera-
py or bariatric surgery [2].

Material and Methods

 We conducted an observational study, which 
included patients who underwent nutritional inter-

vention to lose weight in the Nutrislim nutrition and 
diabetes clinic in Bucharest, between 2016 and 2018.
 The criteria for inclusion in the study were the  
following:
• Age over 18 years
• Balanced chronic conditions under treatment
• Overweight or obesity
• Patients who can perform physical activity, at least 
walking within the minimum limit of 5000 steps.
 Initially, the patients completed an evaluation 
questionnaire that includes personal medical history, 
family background, lifestyle, current eating habits, 
self-assessment of motivation, degree of preparation 
and opportunity of starting a weight loss program, ap-
proved by the local Ethics Committee.
 During the first visit, we evaluated the pa-
tient’s weight history, nutritional history, all the con-
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Abstract
Introduction: The optimal management of overweight and obese patients should combine medical nutritional therapy with 
caloric restriction, physical activity, and cognitive-behavioral therapy. Material and Methods: We conducted an observational 
study, which included patients who underwent nutritional intervention to lose weight, in the Nutrislim nutrition and diabetes 
clinic, in Bucharest, between 2016 and 2018. The patients were adults, mostly women, overweight or obese and sedentary. After 
analyzing the eating patterns, nutritional therapy was adjusted for every patient in accordance with his/her needs. Results: 
Most of the patients were overweight (n=10). The eating patterns showed a protein consumption of 14.95% in women and 
14.17% in men. Carbohydrates accounted for 43.72% of female’s nutrition and 40.23% of male’s nutrition. An important intake 
was from lipids (38.95% for women and 43.49% for men), of which polyunsaturated fat reached the lowest proportion (7.71% 
in women, 3.37% in men). Conclusions: Implementation of a healthy diet, which can remain a lifestyle intervention after the 
nutritional program ends, is the most beneficial for the patient. The weight loss is sustained by conserving the muscular mass.
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tent of the previous questionnaire completed by the 
patient, as well as the food preferences and the daily 
program of activities (waking time, time spent at work, 
hobbies).
 The biological parameters used were: com-
plete blood count, lipid profile, total cholesterol, LDL, 
HDL, triglycerides), renal function tests (uric acid, 
urea, creatinine), liver function tests (ALT, AST), glyce-
mia, glycated hemoglobin, total calcium, magnesemia, 
serum iron, TSH.
 The food survey was based on the completion 
of a food log for seven consecutive days. Patients com-
pleted in full detail each ingested food, at all times of 
the day, at meals and snacks, if they existed.
 Following this step, the data collected from the 
survey were processed using a software that contains a 
database of the United States Department of Agricul-
ture (USDA).
 In this way, the average, maximum and min-
imum of calories consumed by the patient during the 
seven days could be calculated and, moreover, it was 
possible to find the average consumption of carbohy-
drates, proteins and lipids (saturated, monounsaturat-
ed and polyunsaturated), as well as and the percentage 
of the recommended daily dose of vitamins (A, D, E, K, 
B1, B2, B3, B5, B6, B9, B12, C) and minerals (calcium, 
magnesium, phosphorus, zinc, selenium, iron, copper, 
manganese, sodium, potassium).
 In order to prepare the nutritional interven-
tion program, the resting metabolic rate was deter-
mined by the indirect calorimetry method. The device 
used was FitMatePRO.
 The protocol of indirect calorimetry consisted 
of:
• fasting for at least 8 hours prior to the investigation
• no physical activity prior to the investigation
• complete rest, for 15 minutes, in a horizontal position.
 Weight assessment was performed with the 
help of a body analyzer that uses the bioimpedance meth-
od as a working method, with the help of the TANITA  
MC-780U analyzer.
 After performing these assessments, along with 
the biological parameters, each patient was assigned a 
diet that took into account the metabolic rate, the level 
of physical activity achieved, the possible biological defi-
ciencies, if any, and the dietary preferences observed by 
the physician following the dietary investigation.
 Calorie restriction was between 500 and 1000 
kcal from the measured resting metabolic rate; the pa-

tients’ diets were between 1200 and 1800 kcal/day.
 The nutritional intervention was adapted to 
the preferences of the patients, both in terms of culi-
nary preferences and the number of meals (minimum 
three meals/day) and followed the structure of 50%  
carbohydrates, 20% proteins, and 30% lipids.
 Patients were explained the importance of do-
ing physical activity, so during each visit, they were 
committed to having a minimum target of exercise, 
such as 10,000 steps/day or 30 minutes of moderate-in-
tense physical activity 5 times/week, such as bicycle, 
jogging, speed walking or fitness, and aerobics pro-
grams).

Results

 Fifteen adult patients were evaluated until the 
present time, of which 93.3% are women (n = 14) and 
6.7% men (n = 1).
 After analyzing patients’ personal medical his-
tory, we found high blood pressure in 6.7% of patients 
(n = 1) and dyslipidemia, with a higher proportion, in 
20% of the cases included in the study (n = 3).
 The distribution of patients by body mass in-
dex (BMI) group was the following:
• Normal weight (BMI between 18.5 and 24.5 kg/sqm), 
1 patient,
• Overweight (BMI between 25 and 30 kg/sqm), 10 pa-
tients,
• Obese (BMI over 30 kg/sqm), 4 patients.
 Regarding the patients’ weight, we noted that 
86.7% had previously followed diets, and the majority 
(53%) chose a high-protein diet.
The distribution of physical activity performed at the 
beginning of the weight loss program is the following:
• Sedentary: 20%
• Active environment: 26.7%
• Active: 40%
• Very active: 13.3%
 The average basal rate calculated using the 
Harris-Benedict equation for women was 1579 kcal/
day and 1857 kcal/day for men, and the one measured 
for women was 1402.36 kcal/day and 1800 kcal/day  
for men.
 Following the analysis of the 7-day diet pur-
chase prior to the start of the weight loss program, the 
patient’s nutrition brought to light a protein consump-
tion of 14.95% in women and 14.17% in men. Carbohy-
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drates accounted for 43.72% of female’s nutrition and 
40.23% of male’s nutrition.
 An important intake was from lipids (38.95% 
for women and 43.49% for men), of which polyunsatu-
rated fats reached the lowest proportion (7.71% women, 
3.37% men), followed by saturated fats (12.87% women 
and 16.25% men). The highest weight in lipid distribu-
tion was represented by monounsaturated ones (15.21% 
women and 15.46% men). Differences in food choices 
regarding the gender of patients did not reach statisti-
cal significance.
 Regarding the body analysis at the beginning 
of the weight loss program, by BMI groups, the weights 
showed as follows:
• Normal weight - They presented an average weight of 
71.5 kg. Of the total amount of water, 58.5% was intra-
cellular and 41.5% extracellular.
• Overweight - They presented an average weight of 
75.85 kg. Of the total amount of water, 56.3% was intra-
cellular and 43.7% extracellular.  
 • Obese - They presented an average weight of 101.27 kg. 
Of the total amount of water, 53.8% was intracellular 
and 44.2% extracellular.
 The ratio between the decrease of the fat and 
the storage of the muscle mass has reached statistical 
significance, as explained in Table 1.

Results

 The group evaluated until the present time 
consists of 15 adult patients, of which 93.3% are women 
(n = 14) and 6.7% men (n = 1).

 From the analysis of the personal medical his-
tory, high blood pressure was found in 6.7% of patients 
(n = 1) and dyslipidemia, with a higher proportion, in 
20% of the cases included in the study (n = 3).
 The distribution of patients by body mass in-
dex (BMI) group was the following:
• Normal weight (BMI between 18.5 and 24.5 kg/sqm), 
1 patient,
• Overweight (BMI between 25 and 30 kg/sqm), 10  
patients, 
• Obese (BMI over 30 kg/sqm), 4 patients.
 Regarding the patients’ weight, we noted that 
86.7% had previously followed diets, and the majority 
(53%) chose a high-protein diet.
 The distribution of physical activity per-
formed at the beginning of the weight loss program is 
the following:
• Sedentary: 20%
• Active environment: 26.7%
• Active: 40%
• Very active: 13.3%
 The average basal rate calculated using the 
Harris-Benedict equation for women was 1579 kcal/day 
and 1857 kcal/day for men, and the one measured for 
women was 1402.36 kcal/day and 1800 kcal/day for men.
 Following the analysis of the 7-day diet pur-

chase prior to the start of the weight loss program, the 
patient’s nutrition brought to light a protein consump-
tion of 14.95% in women and 14.17% in men. Carbohy-
drates accounted for 43.72% of female’s nutrition and 
40.23% of male’s nutrition.

Table 1: Body composition changes and average weight loss.
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 An important intake was from lipids (38.95% 
for women and 43.49% for men), of which polyunsatu-
rated fats reached the lowest proportion (7.71% women, 
3.37% men), followed by saturated fats (12.87% women 
and 16.25% men). The highest weight in lipid distribu-
tion was represented by monounsaturated fats (15.21% 
women and 15.46% men). Differences in food choices 
regarding the gender of patients did not reach a statis-
tical significance.
 According to the BMI, the body analysis at the be-
ginning of the weight loss program showed three groups:
• Normal weight - They presented an average weight of 
71.5 kg. Of the total amount of water, 58.5% was intra-
cellular and 41.5% extracellular.
• Overweight - They presented an average weight of 
75.85 kg. Of the total amount of water, 56.3% was intra-
cellular and 43.7% extracellular. 
 • Obese - They presented an average weight of 101.27 kg. 
Of the total amount of water, 53.8% was intracellular 
and 44.2% extracellular.
 The ratio between the decrease of the fat and 
the storage of the muscle mass has reached statistical 
significance, as explained in Table 1.

Discussion

 Given the dietary habits of the patients, the 
results of the food survey, which underlined a signifi-
cant contribution in terms of lipids, with the prepon-
derance of the saturated ones and the caloric intake 
much higher than recommended, we chose not to ap-
ply in this initial phase a strict amount of calories per 
day, but to implement a healthy lifestyle. The choice of 
a nutrition plan in the form of “principles for healthy 
eating” was based on two considerations: on the one 
hand, the patient who approaches this lifestyle may be 
able to maintain the lost weight more easily, and on the 
other hand, after receiving a diet plan with written rec-
ommendations and quantities to measure, adherence 
will be better because it can easily be adapted to the pa-
tient’s daily schedule.
 A similar approach that involved the nutri-
tional education of patients for the management of 
obesity was proposed in 2001 by Rippe and Melanson. 
 The points addressed were about the different 
caloric values of foods, description of macronutrients, 
explanation of product labels, healthy ways of food 
preparation, adoption of new healthy habits, adequate 

water intake, reduction or limitation of alcohol por-
tions, strategies for approaching festive meals/restau-
rants and awareness of emotional versus physiological 
hunger [4].
 Another study that investigated 63 patients 
and aimed to analyze from a statistical point of view 
the differences between a conventional diet (1500-1800 
kcal/day for men and 1200-1500 kcal/day for women) 
with a distribution of dietary principles of 60% carbo-
hydrates, 25% lipids and 15% proteins, with a high-pro-
tein diet (maximum 20 g carbohydrates/day), concluded 
that the effects on weight loss in terms of total weight 
initially reached statistical significance between the 
two groups. However, subsequently, at the 6-month 
follow-up, this difference did not maintain its statisti-
cal significance. [5]
 The fact that the rate of weight loss was signifi-
cantly different between the two groups, but the subse-
quent maintenance or continuation of the weight loss 
no longer depended on the eating style, conveys that 
the diet’s aggressiveness is not directly proportional to 
its relevance for the weight loss.
 The inability to have absolute control over a pa-
tient’s diet, as long as he or she complies with the doctor’s 
recommendations, is a limitation of any study that aims 
to analyze the nutrition of a patient or group of patients.
 The only tool we can use in this direction is the 
food survey, which has limitations regarding the pa-
tients’ subjectivity and sincerity.

Conclusions

 Although the group of patients was not very 
large at the moment of this study, the statistical signi- 
ficance regarding the weight loss in body composition 
has been reached.
 The food survey emphasized the patients’ choice 
of foods high in saturated fats and carbohydrates, so that 
the simple implementation of a healthy diet, without 
severe restrictions with a balanced intake of macronu-
trients resulted in a statistically significant weight loss, 
with the maintenance of muscle and water mass.

References

1.     L Perreault. Obesity in adults: overview in management. UpTo-
Date. Apr 2019.



Rom J Diabetes Nutr Metab Dis. 2020; volume 27, issue 2

© 2020 The Authors Romanian Journal of Diabetes, Nutrition and Metabolic Diseases: www.rjdnmd.org 89

2.     L Perreault. Obesity in adults: dietary therapy. UpToDate. Apr 2019.
3.     SF Khalil, MS Mohktar, F Ibrahim. The theory and fundamentals 

of bioimpedance analysis in clinical status monitoring and diag-
nosis of disease. Sensors, vol 14, 10895-10928.

4.     JM Rippe, KJ Melanson. Obesity Research. Physician Involve-

ment in the Management of Obesity as a Primary Medical Condi-
tion.Vol 9. Issue S11, 2012.

5.     GD Foster, HR Wayatt, JO Helle, et al. The New England Journal 
of Medicine. A randomized trial of Low-Carbohydrate Diet for 
Obesity. 2003;384:2082-2090.



Original Article

Rom J Diabetes Nutr Metab Dis
2020; volume 27, issue 2, pages 90-98

https://doi.org/10.46389/rjd-2020-1016 
www.rjdnmd.org

Received: December 20th, 2019 / Accepted: March 17th, 2020

1   Department of Paediatrics, Military Hospital, Abidjan, Cote d’Ivoire
2   Paediatric Endocrinology Training Centre for West Africa, Lagos University Teaching Hospital- Lagos Nigeria
3   Department of Paediatrics, University of Lagos, Lagos, Nigeria
4   Department of Paediatrics, Cocody Teaching Hospital, Abidjan, Cote d’Ivoire
5   Department of Endocrinology, Yopougon Teaching Hospital, Abidjan, Cote d’Ivoire

* Corresponding Author: Elizabeth Eberechi Oyenusi, Department of Paediatrics, College of Medicine, University of Lagos/Lagos Uni-
versity Teaching Hospital. E-mail: ebikike@yahoo.com.

Fasting Blood Glucose Profile of Children Living with HIV taking 
First-Line Antiretroviral Treatment in Abidjan, Cote D’Ivoire:  
A Cross-Sectional Study 
Kouamé Hervé Micondo 1,2, Elizabeth Eberechi Oyenusi 3,4*, Marie-Evelyne Dainguy 5, 
Rhédor Jacko Abodo 6 , Madeleine Amorissani Folquet 5, Abiola Olufunmilayo Oduwolé 3,4

Introduction

 The use of highly active antiretroviral therapy 
(HAART) since 1996 has considerably reduced the mor-
tality and morbidity associated with the human immu-
nodeficiency virus (HIV) infection [1, 2]. Consequently, 
concerns about morbidity from the long-term compli-
cations of the disease, as well as the effects of antiret-
roviral drugs, understandably have become topical. 

Various metabolic complications, including glucose 
dysregulation, have been associated with antiretrovi-
ral treatment (ART) [3, 4]. However, the mechanisms 
involved in the development of these metabolic abnor-
malities and their interrelationships are not still very 
clear-cut [3]. Various postulated mechanisms include 
possible side effects of nucleoside reverse transcrip-
tase inhibitors (NRTI), protease inhibitors (PI)[5], and 
recently, non-nucleoside reverse transcriptase inhibi- 
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tors (NNRTIs) and nucleoside reverse transcriptase in-
hibitors (NRTI)[4, 6, 7] or complications arising from the 
specific disease process of HIV.[4,8]. About 24.7 million 
people are living with HIV in Sub-Saharan Africa, and 
they make up to 71% of the world’s population with the 
infection, although only 12% of the global population 
lives in the region [9, 10].  Furthermore, the global cov-
erage of antiretroviral therapy reached 46% [43–50%] 
at the end of 2015, with about 17 million people having 
access to ART [11]. This number is expected to increase 
because of the World Health Organization (WHO) man-
agement guidelines that recommend commencement 
of antiretroviral treatment as soon as possible once the 
diagnosis of HIV is made, especially in children [12].  
 Given the prospect of the life-long treatment 
with HAART from childhood, the concern about the 
development of these metabolic complications is par-
ticularly worrisome because of the potentially in-
creased risk of diabetes and cardiovascular disease in 
early adulthood [1, 13, 14].  
 There is a paucity of data concerning dys-
glycaemia in children living with HIV, especially in 
Sub-Saharan Africa. Such studies are imperative where 
environmental and other factors that impact these 
complications (e.g., diet, comorbidities, race, and eth-
nicity) may differ from those in resource-rich settings. 
Cote d’Ivoire is one of the West African countries with a 
relatively high HIV burden (3.7%), where children less 
than 15 years represent 41.5% of the total population 
[15]. Therefore, this study aimed to determine fasting 
blood glucose levels among a pediatric group taking 
first-line ART and identify possible associated factors.

Material and Methods

 The cross-sectional study was carried out at 
the Cocody Teaching Hospital, Abidjan in Cote d’Ivoire,  

from July to December 2015. Children aged 2 to 15 years 
old living with HIV taking first-line ART for more 
than three months who were being followed-up in the 
hospital formed the study population after informed 
consent was obtained. Children were excluded if they 
were taking hormonal therapy (steroids, testosterone, 
estrogen, thyroxine, and others), if they had diabetes 
mellitus or any severe acute illness. Ethical approval 
was obtained from the National Ethics Committee be-
fore the study. Written informed consent was obtained 
from the parents or caregivers; in addition, childrens’ 
own assent was considered for children who were old 
enough (from seven years old and above).

Data collection

 Study participants were called the day before 
the test, and instructed to fast overnight, at least eight 
hours before the morning of the blood sampling for 
the study. On the test day, a questionnaire was admin-
istered to obtain information on sociodemographic 
characteristics and other relevant clinical informa-
tion. Information regarding the CDC clinical stage at 
HIV diagnosis according to the WHO [16] and recent 
CD4 count and viral load (less than three months)  
results were obtained. The immune condition was 
classified based on the WHO immunological classifi-
cation system for adults and children [17], as shown in 
Table 1.
 Anthropometric measurements were taken by 
a trained nurse supervised by the investigator. Weight 

was measured to the nearest 0.1kg using a portable 
weighing scale (Medical©) with minimal clothing and 
no shoes; belt and other accessories were removed, 
and pockets were emptied. Height was measured to 

Table 1: WHO classification system for children and adults [17].
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the nearest 0.1 cm using a portable stadiometer (Spirit 
Height®) with the child standing erect, barefoot, heels 
together and looking straight ahead. The lower edge 
of the eye socket was in the same horizontal plane as 
the external auditory meatus, with the heels and back 
against the height rule. Body Mass Index (BMI) was cal-
culated as weight in kilograms divided by the square of 
the height in meters (kg/m2). Child growth charts from 
the WHO [18] were used to categorize each subject us-
ing the standards deviation ranges:
• Overweight: >+1SD (equivalent to BMI 25 kg/m2 at 19 
years)
• Obesity: >+2SD (equivalent to BMI 30 kg/m2 at 19 
years)
• Thinness: <-2SD
• Severe thinness: <-3SD
 The sexual maturity rating was ascertained 
by an inspection of breasts/ pubic hair for females and 
genitalia/pubic hair for males in the presence of a doc-
tor or/and a parent. Puberty was classified using the 
Tanner stages.[19-21]. The more advanced stage of the 
two respective pubertal components was used for clas-
sification if there was discordance between the exam-
ined body sites [21].
 From each participant, a sample of 3-5 ml of 
venous blood was collected under aseptic conditions 
by a trained nurse in a fluoride oxalate tube for the 
measurement of fasting blood glucose (FBG). The sam-
ple was sent to the laboratory (Pastor Institute of Cote 
d’Ivoire) for analysis of blood glucose using the fruc-
tokinase method. The definitions of impaired fasting 
glucose (IFG) and diabetes were based on the criteria 
of the American Diabetes Association (ADA) [22] and 
the International Society for Pediatric and Adolescent 

Diabetes (ISPAD) [23]. The normal values of FBG were 
defined as ≤ 100 mg/dl (5.5mmol/L), while FBG between 
100 to 125 mg/dl (5.6–6.9 mmol/L) was classified as im-
paired fasting glucose (IFG) [ADA, WHO] and FBG ≥126 
mg/dl (7.0 mmol/l) defined diabetes. Study participants 
with abnormalities of the blood glucose values were re-
called for further workup.

Data management and analysis

 Data were entered using the Access software for 
Windows and analyzed using Excel for Windows. Nu-
merical values were given for the number of cases (n), 
mean (standard deviations), proportions, and percenta- 
ges. P values of less than 0.05 were regarded as significant.

Results

 A total of 195 children were recruited while 2 
refused consent. The mean age (SD) was 9 (± 3.6) years 
with a male: female sex ratio of 1.19. The proportion of 
mothers with no form of education was twice that of fa-
thers (23.6% vs 10.8%).With regards to employment sta-
tus, majority of the fathers (95.4%) were employed in 
various capacities with only 4.6 % being unemployed. 
This was in contrast to few employed mothers, only 
28.7%. Table 2 highlights the socio-demographic char-
acteristics and relevant family history of the children 
in the study.
 The stage and characteristics of the disease in 
association with antiretroviral drug usage are shown 
in Table 3.

Table 2: Socio-demographic and clinical characteristics of the children.

Sex

Residence

Educational level

Male

Female

Cocody

Other towns of Abidjan

Outside of Abidjan

Not attended school

Nursery

Primary

Secondary

106

89

69

101

25

15

14

123

43

54.4

45.6

35.4

51.8

12.8

 7.7

 7.2

63.1

22.1

Characteristics of children Frequency (N=195) Percent (%)
Socio-demographic
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Orphaned

Diabetes

Hypertension

 

Obesity

HIV status of the mother

HIV status of the father

HIV status of the siblings

Physical activity

CDC stage

Nutritional status

Pubertal stage

At least one parent

Both father and mother

Not orphaned

Familial history

No  history

Unknown

Familial history

No history

Unknown

Familial history

No history

Unknown

Positive

Negative

Unknown

Positive

Negative

Unknown

Positive

Negative

Unknown

No exercise

Engaged in exercise

N

A

B

C

Obese

Normal

Thinness

Severe thinness

I

II

III

IV

50

12

133

24

168

3

32

160

3

13

179

3

145

2

48

42

57

96

24

165

6

81

114 

15 

34 

68 

78 

1

157

28

9

137

29

25

4

25.6

6.2

68.2

12.3

86.2

1.5

16.4

82.1

1.5

6.7

91.8

1.5

74.4

1.0

24.3

21.5

29.2

49.2

12.3

84.6

3.1

41.5

58.5

7.7

17.4

34.9

40.0

0.5

80.5

14.4

4.6

70.3

14.9

12.8

2.1

Familial medical past history

Clinical data

 A sizeable number of the children (72.8%) 
showed no immune deficiency, and slightly higher 
than half of them had an undetectable viral load. The 
median duration of the antiretroviral treatment was 
47 months (ranging from 3 to 157 months). Almost all 

(96.9%) the children were taking cotrimoxazole pro-
phylaxis for opportunistic infections. The mode of ac-
quisition of the HIV infection was by vertical transmis-
sion in 74 children (37.9%), by blood transfusion in one 
child (0.5%) while the route of transmission could not 
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be determined in 120 children (61.5%).
 The initial ART commenced at diagnosis re-
mained unchanged in 85.6% of the children. In the 
few instances of a change in the drug regimen, the 
reasons were drug allergy or situations when drugs 
like Didanosine (DDI) and Stavudine (D4T) were with-
drawn from conventional ART regimens. 
 Table 4 shows the details of the specific drug 
combination used for the children. The most typical 

regimen used for the study participants was zidovu-
dine (AZT) + lamivudine (3TC) with efavirenz (EFV) fol-
lowed by AZT+3TC  with nevirapine (NVP). A protease 
inhibitor-based regimen was used in only 4.1% of the 
children, lopinavir boosted by ritonavir being exclu-
sively used in such instances.
 With regards to blood glucose (BG) levels, 
the mean BG was 75.2±10.1 mg/dl. Only five children 
(2.6%) had impaired fasting glucose. None had diabetes  

Table 3: HIV infection and Antiretroviral Therapy (ART).

Table 4: The ARV regimen used for the children.

Type of HIV

Immune status

Viral load (copies)

Duration of ART 

(months)

ART

Regimen

HIV 1

HIV1+2

Severe deficiency

Moderate deficiency

No deficiency

Undetectable

[0-500]

[500-1000]

Greater than 1000

[3-22]

[23-46]

[47-71]

[72-157]

2 INRT+1 INNRT

2 INRT+ 1 PI

194

1

32

21

142

115

30

4

46

46

50

50

49

187

8

99.5

0.5

16.4

10.8

72.8

59.0

15.4

2.1

23.6

23.6

25.6

25.6

25.1

95.9

4.1

HIV and ART information Frequency Percent (%)

6

1

7

1

89

6

70

6

8

1

195

3.1

0.5

3.6

0.5

45.6

3.1

35.9

3.1

4.1

0.5

100

ABC+3TC+EFV

ABC+3TC+LOPI-RITO

ABC+3TC+NVP

ABC+DDI+LOPI/RITO

AZT+3TC+EFV

AZT+3TC+LOPI-RITO

AZT+3TC+NVP

D4T+3TC+EFV

D4T+3TC+NVP

TDF+3TC+EFV

Total

ARV Regimen Frequency (N) Percent (%)
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mellitus. Given the small numbers of children with 
glucose abnormalities, pertinent analysis to identify 
associated factors was not possible. However, the char-
acteristics of the five children (three females and two 
males) with glucose abnormalities are displayed in Ta-
ble 5. Notably, their ages were in the pubertal range (8.3 
to 14.3 years), and three were already in puberty. The 
lowest viral load for this group ranged from at least 
1000 to 56000 copies. The duration of ART ranged from 
25 months to 107 months. Only one patient had a family 
history of diabetes, while none had a family history of 
hypertension.  
 All had a normal BMI. Concerning the ART 
regimen, all the children with glucose disorders were 
taking a regimen containing two nucleoside reverse 
transcriptase inhibitors (especially zidovudine and 
lamivudine), and one was taking a non-nucleoside re-
verse inhibitor (nevirapine or efavirenz), as shown in 
the table.

Discussion

 Impaired fasting glucose was seen in 2.6% of 
the study participants. A Latin-American study by Haz-
ra et al. [24] showed a lower prevalence of 0.4%, while 
no case of IFG was documented in a Thai study by Lee 
et al. [25]. Conversely, a Spanish study by Dapena et al. 
[1] reported a higher prevalence of 7%. The reasons for 
the differences may be related to some peculiarities of 
the various study populations, such as the mean age, 
diet, and genetic susceptibility. With regards to the two 
studies [24,25] with lower prevalence, possible factors 
could have been the lower mean age of 7.5 years [24] and 
8 years [25], respectively, in comparison to the mean 
age of 9 years in the pressent study as well as the higher 
cut-off BG level of less than 110 mg/dl for IFG compared 
to the level of 100 mg/dl used in this study. In the Span-
ish study [1] with a higher prevalence, the older age 
group constituted the majority of their participants 

Table 5: Characteristics of children with impaired fasting glucose.

172

F

107

AZT+3TC+EFV

557

1000

Yes

No

Yes

Yes

15.76 (normal)

158

F

69

AZT+3TC+EFV

786

56000

No

No

No

No

19.31 (normal)

117

M

47

AZT+3TC+EFV

533

1000

No

No

Yes

Yes

16.31 (normal)

134

M

25

AZT+3TC+NVP

312

4770

No

No

Yes

Yes

17.58 (normal)

100

F

94

AZT+3TC+NVP

938

1000

No

No

Yes

Yes

14.6 (normal)

Age  
(months)

Parameters

Sex

ART 
Duration 
(months) 

ARV 
regimen

CD4 rate

Viral load

Familial Hx 
of diabetes

Familial Hx 
of High BP

BMI 
(kg/m2)

Exercise

Snacks

Patient A Patient B Patient C Patient D Patient E
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with a median age of 13 years, which may be related to 
the relatively higher prevalence of IFG compared with 
other studies [24,25], including the present study. 
 The mechanism of impaired glucose tolerance 
in HIV is not completely elucidated, but it is known 
that during any infectious process, the release of cyto-
kines may affect glucose metabolism [8]. In HIV infec-
tion, there is an increased release of TNF-α, IL-6, and 
IL-8 by both infected T cells and adipose tissues. Also, 
these inflammatory cytokines can induce insulin resis-
tance with consequent dysglycaemia [8, 26].
 The implication of impaired fasting blood 
glucose in these children is that prediabetes (PreDM) 
not only predicts the future development of DM, with 
4–20% of pre-DM progressing to DM annually in the 
general population if no interventions are made, but 
it is also an independent risk factor for cardiovascular 
diseases (CVD) [8, 27].
 A described associated factor of IFG in children 
living with HIV is pubertal onset. The small numbers of 
children with IFG did not enable multiple regressions, 
but it is noteworthy that the affected five children were 
in the pubertal age range, with three already in puberty. 
In a large cohort of 451 HIV-infected children, Geffner 
et al. documented advanced pubertal staging among 
the significant risk factors in a cohort with insulin re-
sistance [28]. The authors suggested that their findings 
may mimic the usual physiological decrease in insulin 
sensitivity associated with the adolescent period, part-
ly related to the rise in the growth hormone, which is 
one of the counter-regulatory hormones to insulin [28, 
29]. However, it should also be noted that pre-pubertal 
children may also be at risk of dysglycaemia. In a multi-
site US-based prospective, 48-week observational 
study of HIV-infected, pre-pubertal children, Chantry 
et al. [3] documented an increase in the prevalence of 
abnormal glucose tolerance as defined by a HOMA-IR 
> 3.16 from 1% at the entry to 8% at 48 weeks. Despite 
the non-statistically significant change in the number 
of children with frankly abnormal values, the authors 
suggested that the development of glucose intolerance 
even in pre-pubertal children warrants caution and 
further studies.
 Increased BMI is one of the proven traditional 
risk factors for dysglycaemia in the general population, 
including people living with HIV(PLHIV)[30]. Never-
theless, there seems to exist a clear subset of PLHIV, es-
pecially in people from sub-Saharan Africa who devel-
op IFG and DM in the absence of high BMI [4], as noted 

in this study in which all children with IFG had normal 
BMI. Some studies (albeit in adult series) from South 
Africa [31], Rwanda [32], Tanzania [33], and Ethiopian 
migrants [34] in Israel have demonstrated situations 
of increased rates of IFG and DM not correlating with 
central obesity or reduced BMI [4]. The etiology and 
the underlying bioenergetics pathway changes of this 
non-obese DM phenotype are not completely elucida- 
ted yet. However, postulated pathophysiologic features 
that may contribute to the development of glucose in-
tolerance in the absence of more widely recognized risk 
factors, such as obesity or advanced age, refer to elevat-
ed levels of inflammatory cytokines. This is thought to 
be related to the impairment of the mucosal defense, 
chronic gastrointestinal enteropathy, and opportunis-
tic infections [4, 35-37]. Therefore, clinicians caring 
for children living with HIV need to watch out for dys-
glycaemia in these children, even in the absence of in-
creased BMI.
 Some families of ART have been implicated 
in the derangement of glucose metabolism [6, 7, 33]. 
These include NRTIs such as zidovudine and stavudine 
[4, 7] and NNRTIs such as efavirenz [6, 7]. This is of con-
cern, seeing that the children with IFG in the present 
study were on a regimen that included these drugs. NR-
TIs are implicated in mitochondrial toxicity by inhibit-
ing DNA polymerase γ [38]. The stress of the endoplas-
mic reticulum, generation of reactive oxygen species, 
altered lipid metabolism, changes in adipocytokine se-
cretion, and inhibition of insulin signaling associated 
with these changes eventually result in a disruption in 
optimal glucose metabolism and subsequent deranged 
blood glucose levels [39].
 The association of efavirenz with dysglycemia 
is critical because first-line ART regimens in the devel-
oping world include non-nucleoside reverse transcrip-
tase inhibitors, and efavirenz is selected more often be-
cause of its perceived lower toxicity than nevirapine [6].
 Another factor that may be related to dysgly-
caemia is the viral load, which correlates with the in-
flammatory processes. High and fluctuating viral load 
levels in HIV infection induce a chronic inflammatory 
state, leading to a decrease in adiponectin levels and an 
increase in insulin resistance [5]. The lowest viral load 
noted in the participants in the current study was 1000 
copies.
 Another important point worthy of mention is 
that the low literacy rates in association with high un-
employment rates of mothers observed in the present 
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study have implications on the health of the children. 
It has been documented that there is a strong connec-
tion between the well-being of children and the edu-
cational level of their mothers [40]. Mothers who are 
educated are more likely to be empowered socially and 
economically, which will positively impact their chil-
dren’s health. Relevant stakeholders and policymakers 
need to scale up the education and empowerment of 
mothers in the community. 
 A limitation of the study was the inability to 
determine insulin resistance in the study participants 
due to the high costs, even though we desired to because 
some studies which did not document any incidence of 
IFG in children living with HIV on ART noted signifi-
cant levels (6.5%) of insulin resistance[25] and those that 
documented lower rates of IFG than our study, recorded 
a high prevalence rate of 6.8% [24]. The gold standard 
method for the determination of insulin sensitivity and 
pancreatic β-cell function is the hyperinsulinemic-eug-
lycemic clamp and hyperglycemic clamp, respectively 
[25, 41, 42]. However, it is an invasive and resource-in-
tensive method that is not very feasible clinically on a 
large scale. Therefore, many studies use fasting insu-
lin or c-peptide to glucose ratio or surrogate estimates 
such as homeostasis model assessment for insulin 
resistance (HOMA-IR) since these have been shown 
to correlate with the clamp procedures [43, 44]. Addi-
tionally, the findings from this study may not be gen-
eralizable to other populations of children living with 
HIV. Nevertheless, the present study remains relevant 
in resource-constrained settings, where measurement 
of fasting insulin levels may not be easily available and 
affordable. Regular monitoring of blood glucose levels, 
which is largely affordable, can detect early cases of pre-
diabetes and/or diabetes as defined by the International 
Society for Pediatric and Adolescent Diabetes (ISPAD) 
and International Diabetes Federation (IDF) [22, 23].

Conclusion

 Dysglycaemia (IFG) was seen in 2.6% of the chil-
dren taking ART. None had frank diabetes mellitus. The 
age of the affected children was in the pubertal rang-
es, with three of them already in puberty. All children 
had normal BMI, and one patient had a family history 
of DM with no family history of hypertension. Moni-
toring FBG in children living with HIV taking antiret-
roviral treatment is advocated for prompt diagnosis of 
prediabetes to enable early intervention to prevent dia-

betes progression with its attendant increase in disease 
burden, morbidity, and mortality in these children. en, 
morbidity, and mortality in these children. 
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Introductory Remarks

 Diabetes mellitus (DM) is one of the modern 
chronic non-transmittable disorders with a preva-
lence that reached epidemic proportions [1]. The im-
pact of DM on the patient’s quality of life resides in 
both chronic microvascular – such as diabetic periph-
eral neuropathy (DPN), diabetic retinopathy, diabetic 
chronic kidney disease and macrovascular complica-
tions – such as atherosclerotic cardiovascular disease 

(myocardial infarction, ischemic stroke) or limb am-
putations, thus generating considerable morbidity and 
mortality, translated into a significant financial burden 
for the healthcare systems [2].
 DPN is the most frequent cause of neuropathy 
worldwide, and it affects roundly half of the patients 
with DM [3]. It requires complex management once di-
agnosed, but beforehand, it should be stressed on the 
importance of early screening for DPN, given the sever-
ity of the debilitating complications that could arise – 
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Abstract
Introduction: Diabetic peripheral neuropathy is a frequent complication and disability of diabetes mellitus that requires 
complex management. The importance of an early diagnosis is emphasized by the high risk of subsequent foot ulceration 
or amputation and an increase in the mortality rate. The aim of the study was to evaluate the utility of quantitative sensory  
testing in monitoring peripheral diabetic neuropathy and its correlation with micro- and macrovascular complications of di-
abetes mellitus. Material and Methods: We included 136 patients admitted to N. C. Paulescu National Institute for Diabe-
tes, Nutrition and Metabolic Diseases over six months, and analyzed their clinical and paraclinical data using Excel and PSPP 
software. Each patient had quantitative sensory testing performed. Results: The group consisted of 61.03% males and 38.97% 
females, with a mean age of 55.97±15.2 years. Of them, 22.79% presented type 1 diabetes mellitus, 30.88% had type 2 diabe-
tes mellitus, and 46.32% had insulin-treated type 2 diabetes mellitus, with a mean glycated hemoglobin of 9.64%±2.49% and 
a mean duration of diabetes mellitus of 11.94 years. Diabetes complications were diabetic peripheral neuropathy (68.38%), di-
abetic retinopathy (27.94%), chronic kidney disease (25.74%), atherosclerotic disease (38.24%). Diabetic peripheral neurop-
athy diagnosis positively correlated with age (p=0.031), body mass index (p<0.0001), albumin to creatinine ratio (p=0.049),  
presence of chronic kidney disease (p=0.01) and diabetic retinopathy (p=0.001), and diabetes duration (p<0.001).  
Conclusions: Diabetic peripheral neuropathy accounts for considerable morbidity and mortality and reduced quality of life. Clin-
ical recognition is required for allowing early symptomatic management in order to reduce the morbidity associated with this 
condition. Quantitative sensory testing is used for screening and diagnosing diabetic peripheral neuropathy. Given the significant 
association with other microvascular complications, such as chronic kidney disease and diabetic retinopathy, neuropathy’s diag-
nosis should immediately lead to screening for other complications of diabetes and certain risk factors and consequent measures. 

Keywords: Quantitative sensory testing, diabetes mellitus, diabetic peripheral neuropathy, HbA1c.
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limb ulcerations or lower limb amputations. The latter 
mentioned complications are substantial factors that 
alter the patient’s quality of life [4].
 The American Diabetes Association (ADA) rec-
ommends quantitative sensory testing (QST) - such as 
10-g monofilament and tuning fork as a complemen-
tary assessment to the clinical examination, aiming 
to evaluate the small and large fiber function and the 
protective sensation, in order to screen for the existing 
neuropathy and to predict the risk of developing further 
complications such as foot ulceration and amputation [5].
 Despite the unmodifiable risk factors such as 
age or diabetes duration, a close look, and prompt inter-
vention is required on the modifiable risk factors such as 
smoking, metabolic parameters, or high blood pressure [6].
 Diabetic polyneuropathy prevalence is hetero-
geneous, as depicted in the epidemiological studies, 
depending on the different patient populations, defini-
tions of neuropathy used, and assessment methods [1, 
7]. A reported fact is that prevalence of diabetic periph-
eral neuropathy is increasing with age [4].
 Our study aimed to evaluate the utility of QST, 
a simple and easily accessible tool, in monitoring the 
peripheral diabetic neuropathy and its correlation 
with the presence of other micro- and macrovascular 
complications of DM.

Material and Methods

 A retrospective, observational study was con-
ducted at N. C. Paulescu National Institute for Diabetes, 
Nutrition and Metabolic Diseases, Bucharest, Roma-
nia, over six months. The study included 136 inpatients 
after signed informed consent was obtained who had 
a positive diagnosis of type 1 DM (T1DM) or type 2 DM 
(T2DM) and underwent QST, which included a 10-g 
monofilament and a tuning fork evaluation, and ther-
mal sensory testing. Patients under eighteen years old, 
patients with neuropathies secondary to other causes 
or patients with secondary forms of diabetes were not 
included in the study. We collected and analyzed their 
clinical data (age, gender, body mass index, DM type, 
DM duration, presence of DM complications, presence 
of DPN risk factors - high blood pressure, smoking, 
obesity, dyslipidemia) and paraclinical data (A1c hemo-
globin, albumin to creatinine ratio, QST results) using 
Microsoft Excel and PSPP software. Linear correlations 
and t-tests were performed as well. 

Results

 The group characteristics were as follows: 
61.03% (n=83) were males and 38.97% (n=53) were fe-
males; the group mean age was of 55.97±15.2 years 
- 54.38±14.7 years for males, 64.31±10.93 years for fe-
males and 39.03±14.26 years for T1DM and 60.97±11.43 
years for T2DM. Regarding the DM distribution in the 
study group, 22.79% (n=31) had type 1 DM, 30.88% (n=42) 
had type 2 DM, and 46.32% (n=63) had insulin-treated 
T2DM. The mean value for HbA1c was 9.64%±2.49%. 
The mean duration of DM was 11.94 years. The most 
frequent DM complications were: DPN in 68.38% of pa-
tients (84% with T2DM), diabetic retinopathy in 27.94% 
of patients, chronic kidney disease (CKD) in 25.74% of 
patients and atherosclerotic disease in 38.24% of pa-
tients (Table 1).

 The risk factors for DPN (Table 2) can be cate-
gorized into modifiable and unmodifiable, and accord-
ing to their contribution to DPN, these factors can be 
further described as major, others and additional, as 
detailed in Table 3. In the study group, the risk factors 
were: poor glycemic control (as defined by HbA1c > 7%) 
- 81.61%, high blood pressure in 65.44% of patients, dys-
lipidemia in 82.35%, obesity in 36.76%, and smoking in 
27.2% of patients. DM mean duration was 11.94 years, 
patients’ mean age was 55.97 years, and 8.08% of pa-
tients had prediabetes.

Table 1: Distribution of Chronic Complications of Diabetes 
Mellitus (DM).

DM Complication

Diabetic Peripheral 
Neuropathy

Diabetic 
Retinopathy

Chronic Kidney 
Disease (CKD)*

Atherosclerotic 
Cardiovascular   

Disease (ASCVD)**

N

15

9

5

1

%

48.38%

29.03%

16.12%

3.22%

n

78

29

30

51

%

74.28

27.61%

28.57%

48.57%

Type 1 DM Type 2 DM

*CKD is represented by eGFR<60 ml/min/1.73m² and 
ACR>200 mg/g Creatinine
**ASCVD is represented by Angina Pectoris, Ischemic 
Coronary Disease, Myocardial Infarction 
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 When QST was performed, the following values 
were obtained:
• altered 10-g monofilament test in 68.38% of patients 
(54.83% of the patients with type 1 DM and 72.38% of 
the patients with type 2 DM);
• a modified thermal threshold in 77.2% of patients 
(67.74% of the patients with type 1 DM and 80% of the 
patients with type 2 DM);
• altered level of vibration perception in 86.02% of pa-
tients (83.87% of the patients with type 1 DM and 86% of 
the patients with type 2 DM).
 Furthermore, the QST results were used in a 
linear correlation with clinical and paraclinical param-
eters. We obtained a significant correlation of the mean 
score of quantitative sensory tests with age (p=0.003, 
r=0.211), body mass index (p<0.001, r=0.272), albumin 
to creatinine ratio (p=0.049, r=-0.105) and, also, with 
DM duration (p<0.001, r=0.431).
 As shown before, the prevalence of DPN in-
creases with age and DM duration, regardless of the 

DM type. Nonetheless, DPN was more frequent in 
T2DM patients at any stage of age or DM duration, and 
it can be present at the moment of diagnosis (Figure 1). 

Discussion

 DPN refers to a heterogeneous group of disor-
ders affecting the nervous system, with various clini-
cal manifestations, from asymptomatic (up to 50% of 
cases) [6] to debilitating pain. Alternative etiologies 
of neuropathy should be considered, diagnosed, and 
treated. The most common form of DPN is distal sym-
metric sensorimotor neuropathy [8], even though au-
tonomic nerves, cranial, thoracoabdominal, and limb 
nerves can be involved as well [6].
 Underlying mechanisms consist of glucotoxic-
ity and microangiopathy [1]. Despite the considerable, 
healthcare-related economic burden and effect on the 
quality of life, specific nerve damage treatment options 
are limited in DPN (improved glycaemic control is rec-
ommended), and prevention remains the key goal [1, 
6]. ADA’s Standards of Medical Care in Diabetes (2019) 
issues that the early recognition of neuropathy and ap-
propriate management are essential to managing pa-
tients with DM [6]. Glycemic control can prevent DPN 
and cardiac autonomic neuropathy in T1DM and may 
modestly slow their progression in T2DM, although 
not reversing neuronal damage.
 The risk factors for the development of neurop-
athy identified in the EURODIAB IDDM complications 
study included age, duration of DM, poor glycemic con-
trol, elevated low-density lipoprotein cholesterol and 
triglycerides, high blood pressure, obesity, and smok-
ing. Furthermore, the study reported a 23.5% increase 
in diabetic neuropathy over 7 years of follow-up. [1].
 DPN affects up to 50% of older T2DM patients 

Table 2: Distribution of Modifiable Diabetic Peripheral Neu-
ropathy (DPN) Risk Factors.

DPN risk factors

Hyperglycaemia/poor 
metabolic control

High Blood Pressure

Dyslipidaemia  
(Ct > 130 mg/dL)

Obesity  
(BMI > 29.9 kg/m2)

Smoking

%

90.32%

19.35%

93.54%

6.45%

38.71%

%

79.04%

79.04% 

79%

45.71%

16.19%

Type 1 DM Type 2 DM

Table 3: Risk factors for diabetic peripheral neuropathy, as 
cited in the literature [9].

Modifiable

Major:  
Hyperglycemia

Others: High 
Blood Pressure, 

Dyslipidemia, Obesity.

Additional:  
Smoking

Unmodifiable

Major: Diabetes 
duration, Age

Others:  
Prediabetes

Additional: Height, 
Insulin resistance, 
Hypoinsulinemia

Risk Factors for Diabetic Peripheral Neuropathy

PREVALENCE OF DPN SRTATIFIED  
BY DIABETES MELLITS DURATION

Figure 1: Prevalence of diabetic peripheral neuropathy strati-
fied by diabetes mellitus duration.
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[9]. On the contrary, the prevalence of DPN is consid-
ered to be low in patients with early T1DM, although 
as seen in the Diabetes Control and Complications Tri-
al, the prevalence of modified neurologic tests ranged 
from 10% in those receiving intensive treatment to 20% 
in those receiving conventional treatment [10]. Fur-
thermore, the prevalence of DPN in youth (<20 years) 
with a shorter duration of DM has been re-evaluated 
in the Search for Diabetes in Youth, suggesting an in-
creased burden of DPN in adolescents, with a preva-
lence rate higher in T2DM vs. T1DM (22% and 7%, re-
spectively) [11].   
 QST is reproducible, reliable and assesses both 
large and small fibers. Although nerve conduction 
study represents the gold standard technique in diag-
nosing DPN, it only detects the large fiber damage and 
is not recommended by ADA for the diagnosis of typical 
DPN [1, 6]. In contrast, QST, which includes a thermal 
threshold assessment for cold and warm sensation, 
thus addressing small fiber dysfunction, can detect 
early neuropathy, but the process may be highly subjec-
tive [1]. A study conducted by Scherens et al. in order 
to determine the prevalence and type of neuropathy 
in patients presenting dysesthesias of the lower limbs 
using QST, nerve conduction study and skin biopsy of 
the dorsum of the foot, found that nearly all patients 
with pathological QST had a reduced intraepidermal 
nerve fiber density, indicating a high positive predic-
tive value (93%) of QST in screening for this parameter, 
correlating with neuropathy [12].  
 In the study population that we analyzed, 
DPN was the most frequent DM microvascular com-
plication, both in T1DM and T2DM patients, followed 
by diabetic retinopathy in T1DM and CKD in T2DM. 
While screening for the microvascular complications, 
we found that QST mean values correlated to the albu-
min to creatinine ratio (as a marker of diabetic kidney 
disease) for values lower than 200 mg/g of creatinine; 
therefore we could presume that microvascular com-
plications such as diabetic kidney disease are present 
alongside DPN and can be identified at early stages. 
Therefore, QST used to screen and diagnose DPN can 
further lead to screening for other microvascular com-
plications. 
 A significant percentage of patients in our 
study presented modifiable risk factors for DPN, such 
as poor metabolic control, high blood pressure, obesi-
ty, dyslipidemia. Therefore, glycaemic control is the 
central component of treatment, but it is difficult to 
achieve for many patients. Secondary, cardiovascular 

risk factors play a significant role in the pathogenesis 
of DPN and should be intensively controlled [1], thus 
suggesting the complexity of the required approach in 
DPN. 
 While running the statistical analysis, we 
found that QST mean values correlated with age - a 
peak value at around 55 years of age, thus emphasizing 
the increasing prevalence of DPN proportionally with 
DM duration; taken separately, DM duration - an evo-
lution of DM longer than 10 years had a stronger cor-
relation with the mean value of QST, indifferent of the 
DM type, reconfirming the strong implication of DM 
duration in DPN development [4]. Moreover, DPN was 
more frequent in T2DM patients, regardless of the DM 
duration.  
 Abnormalities in QST were also associated 
with the degree of weight excess. Highly significant re-
sults were obtained for a BMI over the obesity thresh-
old (30 kg/m²).

Conclusions

 DPN accounts for considerable morbidity and 
mortality and reduced quality of life. Clinical recogni-
tion is required for allowing early symptomatic man-
agement in order to reduce the morbidity associated 
with this condition. Present guidelines recommend 
that the screening for DPN should begin from the DM 
diagnosis and be continued yearly, except for T1DM, 
where the yearly screening begins after five years from 
the diagnosis.
 QST should be used more frequently as it can 
detect diabetic neuropathy in its early stages, thus 
allowing timely management and treatment, a fact 
proved by the presence of DPN in patients regardless 
of age or duration of DM. Furthermore, it is not to be 
forgotten that neuropathy is not a solitary microvas-
cular complication of DM; therefore, the diagnosis of 
neuropathy should immediately lead to screening for 
other DM complications. The positive correlation be-
tween QST and microvascular complications, such as 
microalbuminuria, should emphasize their utility and 
importance.
 QST is easily available, even in outpatient clin-
ics. A DPN-suggestive test-result should lead to screen-
ing for certain risk factors and consequent measures, 
thus preventing the development of other DM compli-
cations, such as foot ulcers, or lower limb amputation.
We should remember that the small things make the 
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biggest differences - an inexpensive test performed at 
the proper time could save further significant financial 
expenditures and, more importantly, provide a better 
quality of life for patients.
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Introduction

 Obesity is a non-communicable disease de-
fined as the accumulation of excessive fat impairing 
human health and is the fifth global health problem 
with a high risk of death [1]. Unbalancing energy and 
shifting diet patterns with the domination of snacks 
and high hydrogenated fats with a low fiber diet has 
led to increased obesity incidence, a serious problem 
[2]. The rising of obesity prevalence has been a health 
concern because it can provoke several diseases,  
most notably cardiovascular disease, diabetes, and can-
cers [3].

 The problem of obesity is faced around the 
world, including developing countries or developed 
countries [4], since the global prevalence is estimated 
to be around 2.1 billion people in 2013 [5]. The trends of 
obesity increase radically, and high-income countries 
(several European countries), and several low-income 
countries (i.e., Mexico, Egypt, and South Africa) have 
equitably high rates of obesity among women. Mean-
while, in large countries (i.e., China), the rate of obe-
sity involves more than 20% of women and men [2]. 
Further, reports suggest that by 2025, obesity will be a 
major cause of death among the population of Europa 
North America, Australia and New Zealand, East Asia, 
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Abstract
Introduction: The gut microbiome has been known to affect the immune, gastrointestinal, nervous, and cardiovascular sys-
tems, and it can also alter the host metabolism and trigger metabolic syndrome, resulting in obesity. The two major phyla of 
the gut microbiome, Bacteriodetes and Firmicutes, are known to be altered in obese individuals compared with the healthy 
ones. Local Indonesian yam was identified to contain high insoluble and soluble fiber that is fermented by the microbiome 
in the gut of the host and is a specific nutrient for the gut microbiome. Therefore, we aimed to compare the gut microbiome 
composition in obese individuals supplemented with local Indonesian yam as the tested snack with obese individuals sup-
plemented by wheat fluor as the standard snack. Material and Methods:  A high-throughput screening method by real-time 
quantitative polymerase chain reaction (qPCR) was used to observe the gut microbiome composition, including Bacteriodetes 
and Firmicutes phyla, Bacteriodetes-Prevotella-Porphyromonas groups, C. coccoides-Eubacterium rectale groups, Lactobacil-
lus spp., and Bifidobacterium spp. Cq values were further normalized by all bacteria as a reference. We compared ΔCq before 
and after the intervention and used the paired sample t-test to analyze the significant differences. Results: Our results found 
that obese individuals supplemented with the tested snack that contained local Indonesian yam showed a significant increase 
in Bifidobacterium spp. and Clostridium coccoides-Eubacterium rectale groups (p<0.05). Conclusions: Finally, we suspect 
that local Indonesian yam could have a specific prebiotic function to modulate specific gut microbiome rand improve gut mi-
crobiota composition in obese individuals.  
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and South Asia [6].  
 The gut microbiome has emerged as a popular 
research topic due to its implication on the health and 
diseases of its host. Recently, advanced technologies 
reported that the human gut microbiome affected the 
immune, gastrointestinal, nervous and cardiovascu-
lar systems [7]; the gut microbiome could also alter the 
metabolism and degrade several metabolic compounds 
of their host, which could impact the metabolism of 
the host [8]. The connection of gut microbiome with 
energy homeostasis and inflammation, contributing 
to disease-related to obesity, insulin resistance, and 
diabetes pathogenesis, is surprisingly observed when 
using an animal model. The mechanisms included en-
hanced energy harvest, altered fatty acid metabolism 
and composition of the adipose tissue and liver, induc-
tion of peptide YY and glucagon-like-peptide (GLP)-1 
secretion, activation of the lipopolysaccharide toll-like 
receptor-4, and modulation of the intestinal barrier in-
tegrity by GLP-2 [9].
 The human gut microbiome is composed of 5 
dominated Phyla, including Bacteriodetes, Firmicutes, 
Actinobacteria, Proteobacteria, and Cerrucomicrobia 
[10, 11]. Bacteriodetes and Firmicutes are two main phy-
la that constitute more than 90% of the bacteria in the 
human gut microbiome [11]. The presence of these two 
dominant phyla could be rapidly altered as a response 
in diet changes, in which animal-based diets altered 
the gut microbiome composition more rapidly com-
pared with plant-based diets [12]. The condition caused 
by unbalanced gut microbiota composition is known as 
dysbiosis. The situation is mainly associated with mul-
tiple disease-related gut microbiome dysbioses, such as 
inflammatory bowel disease, Clostridium difficile infec-
tion, autoimmune disorders, and even obesity [13]. In 
obese subjects, a higher ratio of Firmicutes compared 
to Bacteriodetes, and Lactobacillus genus bacteria was 
reported [14].
 Diet has an important function in determining 
human colon function, and the gut microbiome [15]. 
Consumption of specific prebiotics could modulate the 
growth and composition of gut microbiota [16] as they 
use the prebiotic as a food source to grow. The presence 
of nondigestible carbohydrates, for instance, fructans, 
lactulose, galactooligosaccharides, fructooligosaccha-
rides, soybean oligosaccharides, are already known to 
modulate the growth of Bifidobacterium spp. [15, 17, 18]. 
Likewise, the probiotic consumption will also alter the 

fermentation product as a response since the gut mi-
crobiome is modulated by a specific prebiotic.          
 In our study, the supplementation was given by 
snack consumption to obese participants, which were 
divided into two groups, the standard snack interven-
tion and tested snack intervention. The standard snack 
was composed of common wheat flour, while the test-
ed snack was made by local Indonesian yam. The qPCR 
method is a fast, reliable, and low-cost method [14] that 
was used to evaluate the gut microbiota composition 
before and after the intervention with the standard 
and tested snack. Bacteriodetes and Firmicutes phyla 
and also Bacteriodetes-Prevotella-Porphyromonas, Clos-
tridium coccoides-Eubacterium rectale, Lactobacillus 
spp., Bifidobacterium spp. groups were followed in the 
gut microbiome. In this present study, we evaluate the 
effect of a high-fiber and antioxidant-rich snack sup-
plementation composed of local Indonesian yam on 
the gut microbiome composition in obese participants. 

Material and Methods 

Study subject and collection of samples

 Sixty-nine obese subjects (men and women) 
(body mass index ≥ 25 kg/m3) between the ages of 25 
and 56 years were voluntarily recruited from Uni-
versitas Gadjah Mada, Indonesia, between May and 
November 2018. Fifty-seven out of the 69 participants 
collected a fecal sample. Further, we screened for anti-
biotic and probiotic usage using the interview method. 
We excluded the participants who used antibiotics and 
probiotic drinks up to one month before the first inter-
vention day and during the period of intervention (six 
weeks). Finally, 10 subjects, five of whom received the 
standard snack and five received the tested snack, were 
included in the analysis. The Faculty of Medicine, Pub-
lic Health, and Nursing provided ethical approval for 
this study, and written informed consent was obtained 
from each participant.

Genomic DNA isolation from fecal samples

 Immediately, before DNA isolation, fecal sam-
ples were stored at -20°C until the DNA isolation pro-
cess. 200 mg of feces were used to isolate genomic DNA.  
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Genomic DNA was extracted from the fecal samples by 
using the Stool Kit Isolation (Favorgen, Taiwan). The pro-
tocol isolation was conducted according to manufacturer 
instructions with a modification that involved adding 
lysozyme as an additional enzyme during the first incu-
bation at the isolation stage. The isolated DNA concentra-
tion was measured by Nanodrop (Maestro, Taiwan).

High-throughput screening of gut microbiome  
by real-time quantitative PCR (qPCR)

 Real-time qPCR was performed using the 
C1000 Thermal Cycler (Bio-Rad) and controlled by CFX 
Manager version 3.1 (Bio-Rad). The sequence primers 
used in this study are listed in Table 1.   

 Amplifications were performed in a Ther-
mal Cycler 1000 (Bio-Rad) and the total volume used 
was 10 µL (5 µL SYBR Green, 3 µL DNA template,  
1 µL for each primer). The program was as follows:  
1 cycle at 95°C for 5 min, 39 cycles at 95°C for 1 min, with 
the following primers’ annealing temperatures (All  
Bacteria 60.1°C, Bacteroidetes 60°C, Firmicutes 66.4°C, 
Bacteriodes-Prevotella-Porphyromonas groups 67.5°C, 
C. coccoides-E. rectale groups 60°C, Bifidobacterium spp. 
60°C, and Lactobacillus spp. 60°C) for 1 min, and 72°C  
for 30 s with signal acquisition. A melting curve was 
prepared to confirm the specificity of the targeted  
amplicons.

Normalization of qPCR data
 The qPCR data were normalized by subtract-
ing the value obtained from each targeted bacteria 
group into the “All bacteria” group.

Statistical analysis

 The data was visualized by the graph of the 
individual value type as mean. Statistical analyses 
of each targeted groups’ bacteria were conducted in 
each group at pre- and post-intervention. The nor-
mality of data was analyzed by using  Shapiro-Walk.  
A paired student’s t-test was used for comparing 
pre- and post-intervention in each group. A Mann- 
Whitney U test was used to compare each group if 
the data were not normally distributed. A p-value  

 
of ≤ 0.05 was considered statistically significant.

Results

Subjects characteristics

 Sixty-seven subjects were initially includ-
ed in this study, and screening the use of antibiotic 
treatment for one month before the study and during 
the study since the antibiotic usage before and during  
the study would change the gut microbiome composi-
tion. 

Table 1: Sequence primers for real-time PCR.
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 Further, 24 participants were excluded, and 
the remaining 23 subjects needed to be screened. The 
second screening was conducted to exclude the remain-
ing subjects that consumed probiotic foods and drinks, 
such as yogurt, during the research study. Therefore, 
we obtained 5 subjects in the standard snack group and 
five subjects in the tested snack group.
 The median age of subjects in the standard 
snack group was 44.00 (31-50) years and 28.00 (21-55) 
years in the tested snack group. The median weight of 
subjects in the standard snack group was 70.30 (66.30-
92.40) kg and 86.60 (58.9-110.6) kg in the tested snack 
group. The median body mass index (BMI) of subjects 
in the standard snack group was 27.60 (26.60-37.20) kg/
m2. The age, weight, and BMI in both groups were not 
significantly different. The baseline characteristics of 
subjects in both groups are shown in Table 2.  

Gut Microbiota Composition

 We compared the gut microbiota composi-
tion both in subjects supplemented with the standard 
and tested snack. The standard snack was composed 
of 100% wheat flour; meanwhile, the tested snack was 
composed of mixed local Indonesian yam, composed 
of yellow squash, arrowroot, and sweet potato. To ob-
tain the gut microbiota composition, we applied high 
throughput screening by qPCR since this method is 
acceptable for microbiota composition analysis [22]; 
other reports also showed similar results when com-
paring qPCR analysis with other methods such as py-
rosequencing [23]. Here, we showed the ratio of the 
two dominant phyla in gut microbiota composition, 
Bacteriodes to Firmicutes (B/F) ratio (Figure 1). Also, 
bacterial genus-level group compositions, including 

Bacteriodes-Prevotella-Porphyromonas groups, Clostri- 
dium coccoides-Eubacterium rectale groups, Lactoba-
cillus spp., and Bifidobacterium spp. were shown in  
Figures 2-5.
 In the standard snack, the B/F ratio showed 
a slight decline after the intervention, but it was not 
significantly different. Meanwhile, the tested snack 
showed an increase in the B/F ratio after the inter-
vention, but it was also not significantly different. In 
the Bacteriodes-PrevotellaPorphyromonas group, the 
standard and tested snacks showed an increase in gut 
microbiome composition after the intervention, but 
it was not significantly different. In the C. coccoides-E. 
rectale group, the standard snack showed a decrease 
that was not significantly different. However, in the 
tested snack, the gut microbiota composition in this 
genus-group level was increased, and the difference 
was significant (p=0.019). Interestingly, regarding the 
Lactobacillus groups, both standard and tested snacks 
showed a decrease in this genus microbiome level, yet, 
it was not significantly different. Then, in the Bifido-
bacterium group, the standard snack showed no sig-
nificant decrease in this bacteria group, yet, the tested 
snack showed a significant increase in Bifidobacterium 
(p=0.0149).

Discussion

 Firmicutes and Bacteriodetes are two dom-
inant phyla of the gut microbiome residing in the 
healthy human gut. Dysbiosis of the gut microbiome 
was thought to lead to obesity since it unbalances en-
ergy absorption in the host metabolism [24]. In our 
study, we found that obese individuals treated with the 
tested snack showed an increasing trend of the Bacte-

Table 2: Subjects’ baseline characteristics.

Age

Weight

BMI

Sex

Male

Female

Standard Snack

44.00 (31-50)

70.30 (66.30-92.40)

27.60 (26.60-37.20)

1

4

Standard Snack

28.00 (21-55)

86.60 (58.9-110.6)

35.80 (25.5-38.7)

1

4

p-value

0.15

0.22

0.84

Note: Values are presented as median (min-max). p-value was considered significant at ≤ 0.05 according to the  
Mann-Whitney U test. BMI: Body Mass Index.
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Figure 1: Bacteriodetes/Firmicutes (B/F) ratio in obese participants treated with the standard snack (black round) and tested 
snack (high fiber and antioxidant-rich snack) (grey square). B/F ratio increased in the tested snack, and decreased in the stan-
dard snack. However, no significant difference was observed in any of the groups. Values are expressed as mean.

Figure 2: ΔCq values of the Bacteriodes-Prevotella-Porphyromonas group in obese participants treated with the standard snack 
(black round) and tested snack (high fiber and antioxidant-rich snack - grey square). Values are expressed as mean. 

Figure 3: ΔCq values of Lactobacillus spp. in obese participants treated with the standard snack (black round) and tested snack 
(high fiber and antioxidant-rich snack - grey square). Values are expressed as mean.     

Figure 4: ΔCq values of the C. coccoides-E. rectale group in obese participants treated with the standard snack (black round) and 
tested snack (high fiber and antioxidant-rich snack - grey square). Values are expressed as mean.
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riodetes/Firmicutes ratio. We showed that supplemen-
tation with the tested snack (high in fibers and antiox-
idants) could modulate and alter the population of gut 
microbiome phyla. The Bacteriodetes phyla were more 
increased than the Firmicutes phyla in obese partici-
pants supplemented with the tested snack, but the dif-
ference was not significant. Previous studies revealed 
that obese individuals have decreased Bacteriodetes 
and increased Firmicutes phyla, which was also the 
prominent phyla in the gut microbiome of obese indi-
viduals [25–27]. The increase of this phyla is assumed 
to accelerate the fermentation of indigestible carbohy-
drates leading to acetate formation, altering the ener-
gy absorption [28, 29]. A study conducted by Perry et al. 
[30] using a rat model showed increased acetate forma-
tion from Firmicutes phyla metabolism, which led to 
the activation of the parasympathetic nervous system. 
This condition stimulates the β-cells of the pancreas to 
promote insulin secretion, which then leads to chronic 
hyperinsulinemia. Rats receiving intragastric acetate 
perfusion exhibited an increased weight gain and dou-
ble calory intake and increased ghrelin level concentra-
tion [30].            
 Prebiotics, including fiber and other non-di-
gestible carbohydrates, are known to modulate the gut 
microbiome composition and are an essential dietary 
component for our gut microbiome necessities [31]. 
Arrowroot (Maranta arundinacea L.), for example, was 
reported to contain 2.37% (db) soluble dietary fiber and 
12.49% (db) insoluble fiber, and also a high amount of 
raffinose and lactulose, and a low amount of stachyose 
[18]. Yellow squash from the Cucurbita genus is known 
to contain 4% soluble dietary, 15.68% insoluble fiber, 
and 2.67 mg of β-carotene as an antioxidant [32]. Mean-
while, sweet potatoes (from the Ipomea genus) are re-
ported to contain, on average, 5.30% and 5.43% of solu-
ble and insoluble fiber, respectively [33]. The presence 

of high soluble and insoluble fiber in the tested snack 
could affect and support the growth of the “good” mi-
crobiome and affect the host physiology and metabo-
lism.
 Therefore, we also tried to observe gut mi-
crobiome composition into the bacteria-groups genus 
level. First, we looked at the genus-group level of Bac-
teriodes-Prevotella-Porphyromonas groups and Lacto-
bacillus spp. We observed an increase in the Bacteroi-
des-Prevotella-Porphyromonas group and a decrease 
in Lactobacillus spp. both in subjects treated with the 
standard and tested snacks, but the differences were 
not significantly different. Two studies by Paturi et al. 
[34, 35] showed that one prebiotic, inulin, exhibits the 
ability to increase the Bacteroides-Prevotella-Porphy-
romonas group and Lactobacillus spp. in a rat model. 
However, we observed a different pattern modulation 
both in the standard and tested snacks. We suggest 
that the dietary components of standard and tested 
snacks have similar substances that modulate the Bac-
teriodes-Prevotella-Porphyromonas groups; on the other 
hand, they also inhibit the growth of Lactobacillus spp. 
We also found significantly increased Bifidobacterium  
spp. in obese individuals treated using the tested snack. 
A study on prebiotics found that some of the fiber and 
non-digestible carbohydrates could modulate Bifido-
bacterium spp. and are known as bifidogenic, such as 
fructooligosaccharides, lactulose, raffinose, stachyose, 
and inulin [18]. Our results showed that the existence 
of fiber from arrowroot could modulate and enhance 
the growth of Bifidobacterium spp. Harmayani et al. [18] 
showed increased Bifidobacterium spp. in a rat model, 
similar to our results. The presence of a prebiotic such 
as lactulose, raffinose, and stachyose could be the pri-
mary component that affects the growth of this bac-
teria. Bifidobacterium spp. are known to improve the 
function of the intestinal epithelial barrier and also 

Figure 5: ΔCq values of Bifidobacterium spp. in obese participants treated with the standard snack (black round) and tested 
snack (high fiber and antioxidant-rich snack - grey square). Values were expressed as mean.
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promote immunomodulatory substances [36].  
 Interestingly, we obtained a significant in-
crease in the level of C. coccoides-E. rectale group in 
the tested snack compared with the standard snack. 
E. rectale is a useful bacteria in the gut system that can 
produce butyrate as a product of fermentation [37]. 
This is the first study to report an increased level of C. 
coccoides-E. rectale by using a high fiber and antioxi-
dant-rich snack obtained from mixed yellow squash, 
arrowroot, and sweet potato. A previous study con-
ducted by Gomez et al. [37] showed that pectin from 
lemon and sugar beet could enhance the growth of C. 
coccoides-E. rectale groups. We observed the pattern 
similarities and showed that mixed yellow squash, 
arrowroot, and sweet potato also could modulate the 
bacteria from this genus level. Pectins can be found 
easily in the form of vegetables and fruits, which have 
a benefit in delaying gastric emptying and glucose 
tolerance [38]. Moreover, a study on a specific dietary 
component in the tested snack compared to the stan-
dard snack should be conducted to know what is the 
specific prebiotic contained in both snacks that will 
differently modulate the Bacteriodes-PrevotellaPorphy- 
romonas groups, Lactobacillus spp., and also C. coc-
coides-E. rectale groups. 
 In this research, we tried to use a combina-
tion of fiber and antioxidant sources to compose the 
tested snack. The tested snack was composed of mixed 
yellow squash, arrowroot, and sweet potato. Mean-
while, the standard snack was made from wheat flour 
as the standard flour used in the food industry. Yellow 
squash, arrowroot, and sweet potato are the main 
local foods in Indonesia, but they are little utilized. 
Nowadays, the necessity of non-digestible carbohy-
drates in functional food is significantly increased 
[18]. Changing diet patterns to a diet high in glucose 
and low in fiber leads to obesity, which has been on 
the rise for several decades. Therefore, choosing a 
diet high in fiber and non-digestible carbohydrates is 
a vital point in the case of obese individuals that can 
repair the gut microbiome composition. This study 
provided evidence that a combination of fiber and an-
tioxidants from yellow squash, arrowroot, and sweet 
potato can modulate the gut microbiota composition. 
Here, we observe that the combination can increase 
or decrease several bacteria from the gut microbi-
ome composition. However, given the limited access 
to what specific prebiotic substances are contained in 
the tested snack since they can modulate the gut mi-

crobiota composition in obese volunteers, especially 
C. coccoides-E. rectale groups should be studied further 
in order to increase the growth of butyrogenic gut mi-
crobiota, and increase the health of the gut system to 
prevent low-grade inflammation in obese individuals. 
Furthermore, research on the metabolomic of the 
compound-derived gut microbiome should be con-
ducted to elucidate how C. coccoides-E. rectale groups 
can be modulated by high fiber and antioxidant-rich 
snacks from local Indonesian yam.   

Conclusions

 We obtained a significant difference in alter-
ing gut microbiome composition in obese individuals 
treated with a snack high in fiber and antioxidants. 
Here, we showed a significant increase in Bifidobacteri-
um spp. compared with obese individuals treated with 
a standard snack made of wheat flour. Interestingly, 
we also found increased levels of C. coccoides-E. rectale 
groups, a pattern that was not found in obese subjects 
treated with the standard snack.
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Introduction

 Diabetes mellitus (DM) is considered an ath-
erothrombotic cardiovascular disease (ACVD) – defined 
as an atherosclerotic lesion disruption with thrombus 
formation – that remains a major cause of cardiovascu-
lar morbidity and death in diabetic patients, particular-
ly long-term type 2 DM (T2DM), with a more complex, 
serious and worse outcome relative to nondiabetic in-
dividuals [1].
 Clinically, platelet volume measurement has 
been of interest to researchers since the mean platelet 
volume (MPV), which defines the blood platelet average 

size, correlates with platelet function and activation, 
including aggregation, synthesis of thromboxane, the 
release of beta-thromboglobulin, procoagulant activi-
ties or expression of adhesion molecules [2]. In dyslip-
idemia and diabetes mellitus, cardiovascular risk fac-
tors, MPV is also increased [3].
 DM and dyslipidemia commonly coexist, with 
lipid abnormalities occurring in about 60% to 70% of 
patients with T2DM and hyperglycemia, hastening 
atheroma formation [4]. Hypertriglyceridemia with 
an increased ratio of low-density lipoprotein-choles-
terol (LDL-C) to high-density lipoprotein-cholesterol 
(HDL-C) characterizes diabetic dyslipidemia that pre-
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disposes diabetic patients to ACVD [5]. Atherogenic in-
dex of plasma (AIP) [log triglyceride/HDL-Cholesterol] 
– in mmol/L – has recently been regarded as a reliable 
marker for plasma atherogenicity and is positively 
correlated with the cardiovascular disease risk. The 
high levels of triglycerides (TG) are known to be an im-
portant risk factor for increased LDL-C particles, with 
small and dense LDL-c, leading to increased cardiovas-
cular risks [6].
 Although MPV and AIP are studied in some 
studies in different populations of patients, few data 
exist regarding their role as indicators of ACVD in pa-
tients with diabetes. Therefore, we have designed this 
study in this respect.

Material and Methods

Study Population 

 All the procedures used in this study were con-
sistent with the current revision of the Declaration of 
Helsinki. Written consent was obtained from partici-
pants before enrollment in the study.
 This study included one hundred and eight 
people [45 males (41.7 %) and 63 females (58.3 %)], with 
type 2 diabetes; diabetes was diagnosed by patient his-
tory in conjunction with laboratory investigations, 
including fasting plasma glucose (FPG) of 126 mg/dL, 
or 2-hour plasma glucose of 200 mg/dL during the oral 
glucose tolerance (OGTT), or hemoglobin A1C (HbA1c) 
of 6.5% or more [7]. As evidenced by history, clinical 
examination, ECG, echocardiography, neuroradiolog-
ical investigations, or Doppler ultrasound, we includ-
ed two groups. Group I included diabetic patients with 
ACVD and group II included diabetes patients without 
demonstrated ACVD.
 We excluded patients with hematological dis-
orders and neoplastic disorders. None of the study par-
ticipants had received anticoagulant drugs, non-ste-
roidal anti-inflammatory drugs, lipid-lowering drugs, 
or oral contraceptive drugs before hospital admission; 
also, we have excluded patients with hemorrhagic 
stroke, liver disease, renal failure, or patients with 
thrombocytopenia due to any cause. Patients that re-
fused to be enrolled in the study were also excluded.
All study participants were subjected to history taking 

and thorough clinical examination. Laboratory inves-
tigations were done according to the clinical pathology 
laboratories of Zagazig University hospital protocols: 
complete blood count (CBC), liver function tests, renal 
function tests, FPG, HbA1c, high-sensitivity C-reactive 
protein (hsCRP).
 All CBC analyses were performed in the hema-
tology laboratory of the Zagazig University Hospital. 
CBC analyses were performed with the same analyzer 
within one hour after collecting blood samples using 
Sysmex XS-500I, Sysmex Europe GmbH automated 
analyzer (Norderstedt, Germany). Reference values of 
MPV for the Sysmex XS-500I equipment are 7.1- 11.2 fL 
at our laboratory. MPV assay was standardized accord-
ing to the manufacturer’s instructions. All measure-
ments with the Sysmex XS-500I device were performed 
using the flow cytometric technique.
 Roche/Hitachi Cobas 8000 (Cobas c702) was 
used for the lipid profile, including total cholesterol 
(TC), triglycerides (TG), low-density lipoproteins cho-
lesterol (LDL-C) and high-density lipoproteins cho-
lesterol (HDL-C). Non-HDL-C was calculated as total 
cholesterol – HDL-C. Calculation of the atherogenic 
index of plasma (AIP) was done by using the following 
formula = Log10 (TG/HDL) in mmol/L [6]. Based on AIP, 
we classified patients into three groups: low risk < 0.11; 
intermediate risk 0.11 – 0.21; and high risk > 0.21 [6, 8].
For diabetic patients without ACVD, we calculated the 
risk level of future development of ACVD based on the 
Framingham risk score (FRS), and then we categorized 
the risk using FRS; the resulted categories were low risk 
(< 10%); moderate risk (10 – 20%); and high risk (>20%) [9].

Statistical analysis

 Data were analyzed using MedCalc for Win-
dows®, version 18.9.1 (MedCalc Software, Ostend, Bel-
gium). Data were tested for normality using the Shap-
iro Wilk test, and continuous variables that were found 
normally distributed were expressed as mean (M) ± stan-
dard deviation (SD); for non-normally distributed data, 
they were expressed as median and (minimum-max-
imum). For parametric variables, Student’s test was 
used for comparison, while the nonparametric rank-
sum test was used for non-normally distributed data. 
For comparisons of quantitative variables between the 
three groups, if data were parametric, one-way ANOVA 
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was used, whereas Kruskal-Wallis (KW) was used if data 
were not parametric. For categorical variables, a num-
ber (percentage) was used to express them; they were 
compared using the Chi-square (χ2) or Fisher’s exact 
test. Pearson’s correlation or Spearman rank correla-
tion was used to evaluate the association between MPV, 
AIP, and other study parameters. Univariate and multi-
variate linear regression analysis was used to evaluate 
the impact of MPV and AIP on FRS (numerical value). 
Receiver operating characteristic (ROC) curve analy-
sis was used to identify the utility of MPV and AIP for 
prediction of future ACVD outcomes with maximum 
sensitivity and specificity of generated cut-off values. A 

p-value < 0.05 was considered statistically significant.

Results

 A total of 108 individuals (45 male and 63 fe-
male) were included in this study, with a mean age of 
61.02 years. Patients with diabetes and ACVD (group I) 
had an HbA1c value of 8.92% versus 8.52% in diabetic 
patients without ACVD (group II). Fasting blood glu-
cose was higher in group I (M=199.68, SD=62.57) com-
pared to group II (M=161.13, SD=58.75); t(106)= -2.09, 
p=0.043. Other baseline characteristics between the 
two main groups are summarized in Table 1.

Table 1. Demographic, clinical and laboratory features between the study groups (n=108).

Age (Years)
Mean± SD

Sex
Male ‘No (%)’

Female ‘No (%)’

Smoking Status
Non-Smoker ‘No (%)’

Smoker ‘No (%)’

Hypertension
No ‘No (%)’
Yes ‘No (%)’

DM duration (Years)
Median (Range)

Serum Albumin (g/L)
Mean± SD

Creatinine (µmol/L)
Mean± SD

HbA1c (%)
Mean± SD

MPV (fL)
Mean± SD

hsCRP
Median (Range)

Group I 
(Patients with 

diabetes and 
CVD) (n=54)

61.80 ± 4.33

21 (38.9%)
33 (61.1%)

38 (70.4%)
16 (29.6%)

17 (31.5%)
37 (68.5%)

20 (10 – 35)

34.56 ± 6.53

93.65 ± 26.75

8.92 ± 1.48

10.77 ± 1.79

22 (5 – 55)

Group II (Patients 
with diabetes 
without CVD)

(n=54)

60.24 ± 5.22

24 (44.4%)
30 (55.6%)

39 (72.2%)
15 (27.8%)

21 (38.9%)
33 (61.1%)

13 (8 – 30)

41.73 ± 4.98

92.28 ± 26.39

8.52 ± 2.05

9.51 ± 1.52

4.5 (1 – 19)

Test

t
-1.69

χ2

0.340
χ2

0.045

χ2

0.365

MW
5.35

t
5.67

t
-0.26

t
-1.15

t
-3.95

MW
7.93

P-value

0.094
(NS)

0.560
(NS)

0.832
(NS)

0.546
(NS)

0.0001
(S)

<0.0001
(S)

0.799
(NS)

0.255
(NS)

0.0001
(S)

<0.0001
(S)

Note: t = Independent sample (t) test, MW = Mann Whitney U test, χ2 Chi-squared test, DM = Diabetes mellitus,  
HbA1c= hemoglobin A1c, MPV= mean platelet volume, hsCRP= high-sensitivity C-reactive protein
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 Regarding MPV, it was found to be higher 
in group I (M=10.77, SD=1.79) compared to group II 
(M=9.51, SD=1.52); t(106)= -3.59, p=0.0001 (Figure 1). 
 AIP levels were found to be higher in 
group I (M=0.29, SD=0.21) compared to group II 
(M=0.03, SD=0.21); t(106)= -6.32, p<0.0001 (Figure 1).  

In this study, after breaking the total population per 
tertile according to the level of AIP, we have found that 
43 (39.8%) patients had a low risk (group A) (AIP<0.11); 
18 (16.7%) patients had intermediate-risk (group B) 
(AIP=0.11-0.21) and 47 patients (43.5%) patients had a 

high risk (group C) (AIP> 0.21). Group I with proven 
ACVD had 11 (20.4%) patients in the low-risk group, 6 
(11.1%) patients in the intermediate-risk group, and 37 
(68.5%) patients in the high-risk group. Group II with 
no proven ACVD had 32 (59.3%) patients in the low-
risk group, 12 (22.2%) patients in the intermediate-risk 
group, and 10 (18.5%) patients in the high-risk group. 
Other lipid parameters are summarized in Table 2.
 Based on the AIP risk profile, MPV was high-
er in patients with high AIP (group C) compared to the 
other two groups by one-way ANOVA (F(2,105) =8.96, 
p<0.001). LSD post-hoc test revealed that MPV is sig-
nificantly different in group C (10.87 ± 1.78) compared 
to group A (9.40 ± 1.52, p=0.001), while there was no 
statistically significant difference between group B and 
the other two groups.
 The FRS in diabetic patients without ACVD 
(group II) varied between 5.39% and 63.5%, with a 
mean of 23.38 ± 13.73%. Ten participants (18.5%) had 
a low risk of ACVD (FRS<10 %), 17 participants (31.5%) 
had a moderate risk (FRS=10–20%), and 27 participants 
(50%) had a high risk of ACVD (FRS>20%).
 Based on FRS, there was a statistically signifi-

cant difference in diabetic patients without ACVD re-
garding MPV between the three groups as determined 
by one-way ANOVA (F(2,51) =9.55, p<0.001). LSD post-
hoc test revealed that MPV is significantly different 
between high FRS (10.29 ± 1.37) compared to moderate 

Figure 1: A box-plot showing the differences between patients 
with diabetes with or without CVD considering AIP and MPV.

Table 2: Different lipid parameters, including AIP, between the study groups (n=108).

Total Cholesterol (mmol/L)
Mean± SD

TG (mmol/L)
Median (Range)

LDL-c (mmol/L)
Mean± SD

HDL-c (mmol/L)
Mean± SD

Non HDL-c (mmol/L)
Mean± SD

AIP
Mean± SD

Group I (Patients 
with diabetes 

and  CVD)

(n=54)

5.33 ± 1.30

1.67 (0.71 – 3.67)

3.61 ± 1.25

0.89 ± 0.23

4.43 ± 1.28

0.29 ± 0.21

Group II (Patients 
with diabetes 
without CVD)

(n=54)

5.52 ± 0.94

1.47 (0.71 – 3.32)

3.35 ± 0.97

1.45 ± 0.35

4.08 ± 1.06

0.03 ± 0.21

Test

t
0.90

MW
1.84

t
-1.25

t
9.62

t
-1.57

t
-6.32

P-value

0.370
(NS)

0.066
(NS)

0.215
(NS)

<0.0001
(S)

0.12
(NS)

<0.0001
(S)

Note: t = Independent sample (t) test, MW = Mann Whitney U test, TG= triglycerides, LDL-C= low density 
lipoprotein cholesterol, HDL-C= high density lipoprotein cholesterol, AIP= atherogenic index of plasma.
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FRS (8.68 ± 1.14, p<0.0001) and low FRS (8.79 ± 1.46, 
p=0.003). Also, AIP by one-way ANOVA was (F(2,51) 
=9.67, p<0.001). LSD post-hoc test revealed that AIP is 
significantly higher in patients with high FRS (0.14 ± 
0.20) compared to patients with moderate (-0.04 ± 0.17, 
p= 0.004) and low FRS (-0.12 ± 0.14, p= 0.001).
 Concerning the other parameters, a Krus-
kal-Wallis H test showed that there was a statistically 
significant difference between the three groups re-
garding the systolic blood pressure X2 (2) = 21.57, p= 
0.00002, with a mean rank systolic blood pressure of 
11.85 for low FRS, 22.12 for moderate FRS and 36.69 for 
high FRS. Also, regarding DM duration, there was a 

statistically significant difference, determined by one-
way ANOVA (F(2,51) =5.27, p=0.008). LSD post-hoc test 
revealed that DM duration is significantly different be-
tween high FRS (16.04 ± 4.90) compared to low FRS (10.5 
± 2.17, p= 0.002).
 The correlation between AIP, MPV, and other 
study parameters was tested using appropriate cor-
relation analysis. Positive correlation between AIP or 
MPV and FRS in patients with diabetes and without 
proven ACVD (n= 54, r = 0.595, P < 0.0001 and r = 0.473, 
P=0.0003) were determined. Another correlation anal-
ysis between AIP and other study parameters is sum-
marized in Tables 3 and 4.

Note: r= correlation analysis, HbA1c= hemoglobin A1c, AIP= atherogenic index of plasma, FBP= fasting plasma 
glucose, SBP= systolic blood pressure, FRS= Framingham risk score, MPV= mean platelet volume, hsCRP= high-
sensitivity C-reactive protein, CVD= cardiovascular disease
 * Pearson correlation coefficient,  ** Spearman’s coefficient of rank correlation

Table 3: Correlation between AIP and study parameters in patients with diabetes with and without CVD (n=108).

Age
HbA1c

FPG
SBP

Albumin
MPV

hsCRP
FRS CVD risk

Whole Population 
with diabetes

(n=108)

Group I (Patients with 
diabetes and CVD)

(n=54)

Group II (Patients with 
diabetes without CVD)

(n=54)
r

0.069*
0.170*

0.272**
0.396**
-0.434*
0.456*
0.711**

-

p
0.478
0.081
0.065

<0.0001
0.0001

<0.0001
<0.0001

-

r
0.074*
0.096*
0.371**
0.117**
-0.295*
0.427*

0.252**
-

p
0.594
0.499
0.158
0.399
0.068
0.001
0.084

-

r
-0.094*
0.068**
-0.01**
0.609**
-0.097*
0.236*

0.670**
0.595*

p
0.497
0.626
0.958

<0.0001
0.529
0.086

0.0001
<0.0001

Table 4: Correlation between MPV and study parameters in patients with diabetes with and without CVD (n=108).

Note: r= correlation analysis, HbA1c= hemoglobin A1c, TG= triglycerides, LDL= low density lipoprotein cholesterol, 
HDL-c= high density lipoprotein cholesterol, MPV= mean platelet volume, FBP= fasting plasma glucose, SBP= systolic 
blood pressure, FRS= Framingham risk score, hsCRP= high-sensitivity C-reactive protein, CVD= cardiovascular disease 
* Pearson correlation coefficient,  ** Spearman’s coefficient of rank correlation

Age
HbA1c

FPG
SBP

Albumin
TC
TG

LDL-c
HDL-c

Non-HDL-c
hsCRP

FRS CVD risk

Whole Population 
with diabetes

(n=108)

Group I (Patients with 
diabetes and CVD)

(n=54)

Group II (Patients with 
diabetes without CVD)

(n=54)
r

0.114**
0.047**
0.542**
0.297**

-0.203**
0.027**
0.328**
0.124**

-0.506**
0.175**
0.465**

-

p

0.24
0.630

0.0001
0.002
0.065
0.779

0.0005
0.2

0.0001
0.069

<0.0001
-

r

-0.003**
-0.134**
0.348**
0.267**
-0.051**
0.046**
0.358**
0.042**
-0.350**
0.098**
0.099**

-

p

0.98
0.345
0.187
0.051
0.759
0.741
0.008
0.763
0.009
0.482
0.501

-

r

0.163*
0.097**
0.391**
0.335**
0.286*
0.114**
0.219**
0.157*

-0.188*
0.192**
0.211**
0.473*

p

0.239
0.487
0.03

0.013
0.036
0.41
0.111
0.256
0.173
0.165

0.1261
0.0003
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Significant relationship between FRS (as the dependent 
variable) and AIP (β = 37.63, 95% CI: 22.82 – 52.44; p = 
<0.0001; R2 = 0.33) and MPV (β = 3.69, 95% CI: 1.62 – 5.76; 
p=0.0008; R2 = 0.197) by using univariate linear regres-
sion analysis. In multivariate regression model that 
include MPV and AIP with adjustment for DM dura-
tion, SBP and hsCRP. AIP and MPV still could have the 
ability to affect the ACVD risk. In this adjusted model, 
the adjusted β coefficients for AIP and MPV were 17.21, 
p=0.049 and 1.79, p=0.047, respectively.
For the prediction of ACVD in patients with diabetes, 
at the best cut-off value of AIP (> 0.199), the sensitivi-
ty and specificity was 68.52% and 81.48% respectively, 
and AUC was 0.80, and at the best cut-off value of MPV 
(>11.2 fL), the sensitivity and specificity were 53.7% and 
92.6% respectively, and AUC was 0.74 (Figure 2).

Figure 2. ROC curve analysis to determine the best  
cut-off value of MPV and AIP used to predict CVD in patients 
with diabetes.

Discussion

 Despite the multifactorial and heterogeneous 
pathogenesis of ACVD in diabetes, it was found that dys-
lipidemia is a powerful predictor and a substantial risk 
factor to be considered in such population and the state 
of chronic low-grade inflammation that predispose to 
many complications related to atherothrombosis. We 
have examined standard lipid profile parameters to-
gether with the calculation of AIP. We have also mea-
sured MPV, which reflects platelet function and activa-
tion that is increased in many inflammatory states [10].
 MPV is one of the most commonly used sur-
rogate platelet activation markers in which greater 

platelet volume means being enzymatically and met-
abolically more active than smaller platelets [11]. MPV 
is higher in hypertensive and diabetic patients with 
disease progression and the presence of target organ 
damage [12, 13]. In this study, we have found that MPV 
is significantly higher in diabetic patients with ACVD. 
In diabetic patients without ACVD with high FRS, MPV 
was higher than those with low FRS. The findings of 
Marković et al. were consistent with our results; they 
found a higher MPV in patients with high FRS; howev-
er, this difference was not statistically significant [14]. 
We found a positive statistically significant correlation 
between MPV and some CV risk factors, including sys-
tolic blood pressure (SBP) and FPG; again, this was not 
the case in the study of Marković et al. [14].
 In our study, we found that there was a statis-
tically significant correlation between MPV and FRS 
in diabetic patients without ACVD. Also, Maluf et al. 
have found a significant correlation between MPV and 
FRS; this relation persisted after the adjustment of 
confounders, and it was concluded that MPV was in-
dependently correlated with higher CVD risk based on 
FRS [15]. Also, in a study by Kim et al., the mean CVD 
10-year risk (FRS) increased significantly by increasing 
levels of MPV in patients with hyperglycemia com-
pared to those with normal glucose tolerance [16].
 In our study, there was no significant correla-
tion between MPV and HbA1c in diabetic patients. In 
the study by Ulutas et al. conducted on individuals 
with DM, the values of MPV were higher for those with 
HbA1c >7% (8.30 ± 1.3 fL) compared to those with HbA1c 
<7% (7.50 ± 1.1 fL; p = 0.039). MPV presented a positive 
correlation with HbA1c (r=0.39, p<0.001) and plasma 
glucose (r=0.41, p<0.001), as well as with diabetes dura-
tion (r=0.22; p=0.02) [17]. We found a significant positive 
correlation between fasting plasma glucose and MPV in 
diabetic patients without ACVD. Contrary to us, Hek-
imsoy et al. did not find any correlation between MPV 
and FPG in patients with type 2 diabetes mellitus [18]. 
Consistent with our findings, Shimodaira et al., and 
Ulutas et al. also confirm a relationship between MPV 
and FPG in prediabetic subjects [17, 19].
 Abnormal platelet-endothelial interactions 
have been identified as an essential pathogenic mecha-
nism in atherosclerosis development [20]. In the case of 
diabetic subjects, MPV was found to be greater in those 
with microangiopathy (i.e., retinopathy, microalbu-
minuria), inflammation, diabetic nephropathy, athero-
thrombotic vascular disease and heart failure [21].
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In our study, AIP was higher in diabetic patients with 
ACVD compared to those without ACVD; also, AIP 
showed a statistically significant increment in diabet-
ic patients with high FRS, denoting the predictable 
capacity of AIP to determine the high-risk of diabetic 
individuals. AIP calculation involves the ratio of TG 
and HDL-C; a core lipoprotein abnormality in diabetes 
consists of elevated serum concentrations of TG-rich 
lipoproteins, high prevalence of LDL-C and low cho-
lesterol-rich lipoprotein (HDL-c) concentrations [22]. 
While LDL-C is a powerful contributor to ACVD, such 
as coronary artery disease, significant hypercholester-
olemia is less frequent in diabetic patients [23]. This 
was shown in our study, where the total cholesterol 
and LDL-c were not different between diabetic patients 
with or without ACVD.
 In our study, there was a statistically signifi-
cant correlation between AIP in diabetic patients with-
out ACVD and each of the following parameters: sys-
tolic blood pressure, MPV and FRS. Niroumand et al. 
found that AIP was significantly correlated with risk 
factors for CVD and could be used in everyday practice 
as a regular CVD monitoring index, especially in people 
with other cardiovascular risk factors [24].
 To date, more than a dozen large-scale studies 
have shown that hsCRP levels are a solid, independent 
predictor of future vascular events and that hsCRP 
adds prognostic risk information at all levels of LDL-C, 
Framingham Risk Score, and metabolic syndrome [25]. 
The addition of hsCRP to the definition of metabolic 
syndrome has been shown to improve the prediction of 
CVD [26].
 In our study, there was a statistically signifi-
cant positive correlation between AIP, MPV, and hsCRP 
in diabetic patients; a study conducted by Parrinello 
et al. showed that significant or persistent elevation 
of hsCRP over a 6-year duration was correlated with 
subsequent elevated diabetes risk. Also, people with 
a sustained increase in hsCRP were at the highest risk 
of CVD and death; similar findings were reported by 
Chuengsamarn et al. [27, 28].
 The results of this study showed that AIP, 
MPV and the risk of future ACVD in diabetic patients 
(assessed by the FRS) were significantly correlated. 
Furthermore, after adjusting for confounders (DM du-
ration, SBP, and hsCRP), AIP and MPV still could have 
the ability to affect the ACVD risk. Contrary to our 
findings, Nansseu et al. found that after adjustment for 

confounders (BMI, FPG, uric acid, DBP, and LDL-C), 
AIP did not appear to be an independent factor affect-
ing the onset of ACVD (p = 0.487) [29].

Conclusions

 The present study showed that high MPV and 
AIP were associated with an increased risk of future CV 
disease based on FRS. From a practical point of view, 
clinicians should be aware that patients with high MPV 
and AIP are at increased risk of developing ACVD, and 
they could be used in combination and with other con-
ventional cardiovascular risk factors as inexpensive, 
non-invasive, easily measured markers for potential 
cardiovascular events. 
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Introduction

 Diabetes mellitus (DM) is a chronic disease 
characterized by a disorder of the glucose homeostasis, 
triggering high levels of blood sugar (considered chron-
ic hyperglycemia [1]). It is a cause for growing public 
health problems both in developed and developing 
countries. From the year 2000 to 2030, the prevalence 
is expected to double worldwide, affecting about 439 
million people [2,3] or 366 million people [4]. Other esti-
mates, however, pointed to 556 million people by 2030 [5]. 
 Diabetes mellitus is biochemically classified 
into type 1 diabetes mellitus (T1DM or insulin-depen-
dent diabetes mellitus) and type 2 diabetes mellitus 

(T2DM or non-insulin-dependent diabetes mellitus). 
Gestational diabetes is also described [6]. T1DM results 
from an absolute lack of insulin secretion due to β-cells 
dysfunction, while T2DM is caused by insulin deficien-
cy and insulin resistance [7, 8]. T1DM has, generally, a 
genetic basis, while T2DM has a mainly environmen-
tal background that interacts with the genetic profile. 
However, it is known that both conditions that cause 
DM may occur at the same time, although with lower 
prevalence. T2DM is the most prevalent type in the 
world, present in 90-95% of DM patients, and it is actu-
ally extending towards the young population [7]. 
 Recent advances show that T2DM is also an in-
flammatory disorder, and the inflammation plays a role 
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Abstract
Introduction: Diabetes mellitus (DM) is a disorder characterized by high levels of blood glucose. Biochemically, it is classi-
fied into type 1, type 2, and gestational diabetes. The factors associated with type 2 diabetes mellitus include obesity, seden-
tary lifestyle and alcoholism. We investigated the effect of alcohol on the development of type 2 diabetes mellitus in patients 
at Hospital Central de Nampula. Material and Methods: A laboratory-based and cross-sectional study was conducted. We 
quantified sugar and pH levels of popular beverages and analyzed 74 type 2 diabetes mellitus patients. Results: distilled bev-
erages had a higher sugar amount (the mean value was 14.3%, 143g) than undistilled (4.33%, 43.3g). The pH showed no signif-
icant difference, and it was approximately 4. Overall, type 2 diabetes mellitus alcohol consumers were 30 (40.5%) and the ma-
jority 44 (59.5%) were non-alcoholic. Most of those deemed type 2 diabetes mellitus patients had a first-degree family history 
of DM (47.3%; n= 35). The other 27 (36.5%) had no family history, and 12 (16.2%) did not know. Of the 27 patients with no DM 
family history, 16 (59.3%) consumed alcohol before the disease diagnosis, and most of them consumed undistilled beverages. 
The other 11 (40.7%) did not consume alcohol. Despite alcohol consumption, frequency and level were moderate. Conclusion: 
Our results strongly suggest that previous alcohol consumption is not a factor for the development of type 2 diabetes mellitus.  

Keywords: Alcohol, Type 2 diabetes mellitus, Patients
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in numerous known complications of the pathology 
[8]. This disorder is the biochemical basis of long-term 
hyperglycemia and a cascade of degenerative complica-
tions that includes cardiovascular abnormalities, reti-
nopathy, nephropathy, and neuropathy [2,7, 9]. It also 
causes psychological and sexual dysfunction in males 
and females [10, 11], along with gastrointestinal dis-
orders [12]. T2DM is the leading cause of amputations 
in developing countries. The International Diabetes  
Federation estimates that 1.25 million diabetes-related 
amputations are performed in South and Central Amer-
ica [4]. So far, several therapeutic agents with a hypogly-
cemic effect have been developed for the treatment of 
T2DM [7], but dietary restrictions and practice of physi-
cal exercises play an important role in its control [4]. 
 Many other factors, including obesity and a sed-
entary lifestyle, are described to be associated with T2DM. 
In addition, loss of first-phase of insulin release, abnormal 
pulsatility, and increased glucagon secretion and release 
also accelerate the development of T2DM [3]. On the oth-
er hand, chronic alcohol consumption is considered to 
be a potential risk for the development of type 2 diabetes 
mellitus. Chronic alcohol consumption disrupts glucose 
homeostasis, causes pancreatic β-cells dysfunction and 
insulin resistance in key metabolic tissues such as skeletal 
muscles, liver and adipose tissue. All these conditions are 
a biochemical prerequisite for the development of T2DM. 
However, epidemiological and controlled clinical data on 
the relationship between the amount of ingested alcohol 
and the incidence of T2MD are reported to be inconsistent 
in the literature. Some researchers state that heavy alco-
hol consumption is potentially harmful [13] whilst others 
report a beneficial effect of alcohol, such as a protective 
effect or increased insulin sensitivity, thus decreasing the 
risk of T2DM when consumed moderately. Others assume 
that there is no effect on health in case of alcohol con-
sumption. Furthermore, whether the effect varies accord-
ing to gender, no relevant data has been found [14]. 
 Although it was a long-term controversy on 
the diabetogenic impact of alcohol, recent advances 
have elucidated this relation. Additionally, neurobi-
ological profiles of alcoholism are linked to the effect 
of disruption of glucose homeostasis and insulin re-
sistance, which are affected by the altered appetite 
that regulates the peptides and neurotrophic factors. 
Thus, T2DM is clinically recognized as a complication 
of alcoholism, and both alcoholism and DM affect a 
large population worldwide. Heavy amounts of alcohol 
contribute to excess caloric intake and obesity, induce 
pancreatitis, disturbance of the metabolism of carbo-

hydrates, and impairment of the liver function, which 
proves the direct diabetogenic effect of alcohol [14]. 
 Against the above background, we investi-
gated whether or not alcohol consumption is related 
to the development of type 2 diabetes mellitus in a de-
fined group of patients at Hospital Central de Nampula 
[HCN], Northern Mozambique.

Material and Methods 

Study design and patients 

 We included in the study most of the local 
beverages with a large circulation and type 2 diabetes 
mellitus patients. Our study was laboratory-based and 
cross-sectional, comprising two stages. For the first 
stage, we quantified the total sugar of distilled and 
undistilled beverages of large circulation in Nampula. 
The pH was measured only in undistilled beverages. 
In the second stage, we screened the deemed type 2 di-
abetes mellitus patients assisted in the department of 
endocrinology at Hospital Central de Nampula in or-
der to bear out the family history of diabetes, previous 
alcohol consumption, and time of alcohol exposition. 
We included confounding factors in the questionnaire, 
such as a family history of diabetes, consumption of en-
ergy beverages, and other related metabolic diseases to 
avoid misinterpretation of the results.
 The applicability of the questionnaire was 
assessed through a pretest conducted with five T2DM 
patients at Hospital Geral de Marrere, Nampula. All 
ethical procedures were respected based on the World 
Medical Association Declaration of Helsinki: ethical 
principles for medical research involving human sub-
jects, 2013. The research was conducted upon approval 
by the Ethics Committee of Lurio University. 

Quantification of total sugar

 The total sugar of distilled and undistilled 
beverages was quantified from beverages of large cir-
culation and easy-to-get for the local population. The 
beverages were codified by a combination of letters 
and numbers (the letter “A” for undistilled beverages 
followed by numbers from 1 to 8 and the letter “B” for 
distilled beverages followed by numbers from 1 to 2). 
For beverages included in the A group, we analyzed the 
total sugar and pH of canned and bottled beverages to 
exclude a possible difference among them. 
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 For group B, no additional procedure was held. 
Sugar and pH were measured by refractometer and pH 
meter, respectively. For sugar quantification, we made 
three copies, and the mean was calculated.

Data analysis 

 We applied the statistical software (SPSS, v. 
20) for the processing of quantitative data and the chi-
square test for qualitative variables. We fixed a confi-
dence level of 95% and a probable error of 5% (p = 0.05). 

Results 

Distilled beverages have higher amount of sugar 
than undistilled ones.

 We quantified the total sugar using 500uL from 
16 types of beverages (3 distilled and 13 undistilled) to 

assess which group of beverages may offer a higher risk 
for the development of type 2 diabetes mellitus. We 
found a higher amount of sugar in distilled beverages 
(Figure 1) than undistilled ones (Figure 2). The acidity 
of undistilled beverages showed no relevant difference 
(mean values was 3.734). 

Type 2 diabetes mellitus generally occurs in elderly 
and men are the most affected 

 We inquired 74 T2DM patients (44 men and 30 
women) in order to understand alcohol consumption 
in relation to the development of T2DM. We found 
that 40-years-old and above (Figure 3) was the age with 
a high prevalence of T2DM (91.89%, n= 68), and men 
(59.5%, n= 44) seem to be more affected by diabetes 
compared to women. Most of the participants went 
to school (93.2%, n= 69), and a considerable amount 
of them (47.3%, n= 35) were unemployed. We further-
more explored whether alcohol consumption by the 

Figure 2: pH and total sugar in grams of undistilled beve-rages. The lower sugar amount was found in A3 with 20 g and the 
highest in A8, with 80 g. The A1 and A1’ represent bottled and canned beverages, respectively, which show no difference in sug-
ar content, suggesting that the formula may be similar. The difference between the A1 and A2 groups may be explained by the 
time and amount of each component (malt, hop, water and yeast) is added or by the fermentation time.  No relevant differences 
in pH were found in this group of beverages. A3 and A3’ are the same brand but were produced using different raw materials. 
For the A7 and A7’ beverages, pH was not measured.

Figure 1: Total sugar in grams of distilled beverages. Acidity was not measured. The B1 and B’ refers to same brand but the sam-
ples were collected in different places to assess possible fabrication divergences. 
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patients was associated with gender, but no statistical-
ly significant difference was found (p. > 0.05) between 
men and women (Figure 4). On the other hand, we 
found a relationship between the socioeconomic status 
with the type of alcohol consumed more frequently. 
Employed people had the tendency to drink more un-
distilled beverages than distilled (data are not shown), 
and drank moderately; eventually, this group might 
have a lower risk of developing T2DM. We then tested 
whether employment could have increased the risk of 
developing T2DM in those patients. The chi-square test 
has shown no statistically significant difference (p. > 
0.05) between employment and unemployment related 
to alcohol consumption, and consequently, the devel-
opment of type 2 diabetes mellitus. 

Family history of diabetes mellitus is a key risk  
factor for the development of diabetes mellitus in 
the relatives

 Literature studies have stated that T2DM is 
mainly environmental, but the genetic profile can also 
play an important role in the development of the dis-
ease [3]. We sought to explore whether there was a DM 
genetic trait for those patients deemed to have T2DM 
because we suppose an error in diagnosing could mis-
lead our conclusions with regard to the role of alcohol 
on the development of T2DM. We found that 35 (47.3%) 
of the patients had at least a family member with a type 
of diabetes mellitus. When asked the degree of kinship, 
we established that 97% (34) had a first-degree relative, 
including father, mother, brother, uncle, cousin and 
grandfather. Only one had a brother-in-law with dia-
betes (Table 1).  Additionally, a huge number of patients 
learned about their condition in the last five years. This 
fact may, on the other hand, increase the risk of com-

plications of the disease. A chi-square test showed a sta-
tistically significant relation (p. < 0.05) between family 
history of diabetes and T2DM. Thus, people with diabe-
tes mellitus genetic profiles are more likely to develop 
T2DM than those with no family history of the disease. 
Indeed, the World Health Organization (WHO) states 
that individuals with a family history of diabetes have 
two to six times increased chances of developing T2DM.

Alcohol consumption may be a risk factor for type 
2 diabetes mellitus

 We shortlisted 27 patients with no diabetes 
mellitus family history to understand whether or not 
alcohol consumption could be considered a causal fac-
tor for T2DM. Results showed that 16 (59.3%) reported 
having consumed alcohol before the disease was diag-
nosed, and undistilled beverages were more frequently 
consumed. The other 11 (40.7%) stated that they did not 
consume alcohol. From those who answered positive-
ly, 62.5% (n= 10) had been consuming alcohol for more 
than five years, 31.25% (n= 5) within five years, and one 
(6.25%) for less than three years. In fact, for this small 
group (10), the five years of alcohol consumption curi-
ously overlaps the time they had learned about their 
T2DM condition. This finding stresses the claim that 
alcohol may represent a risk factor for the develop-
ment of T2DM. However, this fact contradicts with the 
frequency, and the level of alcohol they stated to have 
consumed (Table 2). We additionally explored the type 
of beverage, time exposition of those patients with 
no diabetes mellitus family history in order to hint a 
cause-effect relationship between alcohol consumption 
and T2DM. Among undistilled beverages, the A1 (3% 
sugar) beverage was the most consumed, whereas for 
distilled, B1 (15%) was the most consumed. Some used to 

Figure 3: The prevalence of diabetes mellitus by age. The 
age of 40-years-old and above showed a higher prevalence of 
T2DM. In addition, the data also show clearly that T2DM may 
also occur in early ages.

Figure 4: Alcohol consumption by gender. Data show 
that male and female consume alcohol almost equally.  
 Similarly, the number of non-alcoholic does not differ be-
tween them.
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combine A1 and B1. The main reasons behind the choice 
are the social status and cultural aspects. Regarding 
the amount of undistilled beverage, a few participants 
(16.7%, n= 5) said that they usually took six or more bot-
tles (550mL) each time they had to drink, mainly on the 
weekends. The greatest part (50%, n= 14), therefore, 
stated that they used to take about two bottles (550mL) 
by the time they had to drink, mainly on weekends as 
well. On the subject of distilled beverages, 50% (n= 3) 
consumed about six bottles (200mL) and the other 50% 

(n= 3) consumed two to four bottles (200mL). A combi-
nation of those took distilled and distilled (100%, n= 2). 
Although some participants (16.7%) used to drink about 
six or more bottles of alcohol (what exceeded the 21 g/
day for male and 11 g/day for female recommended by 
the World Health Organization), they usually affirmed 
to not drink every day. The same condition is applied to 
the other frequencies. However, it is also largely known 
that a high amount of alcohol intake is in the origin of 
cell toxicity.

Table 1: Family history of diabetes mellitus. Most of the patients reported to have a family member with a type of diabetes 
mellitus. The majority of cases involved a first-degree family member and a brother-in-law was mentioned in only one case.

Do/did you have/had a family member with diabetes mellitus?

Yes 

No

I do not know

Total 

If yes, what is the kinship?

Father 

Brother  

Father and mother 

Mother 

Uncle 

Brother-in-law

Cousin 

Grandfather

Frequency

35

27

12

74

12

11

4

3

2

1

1

1

Percentage

47.3

36.5

16.2

100

34.3

31.4

11.4

8.6

5.7

2.9

2.9

2.9

Question

Did you drink alcohol before you were diagnosed with T2DM?

Yes 

No

Total

If yes, how long have you been drinking?

Below 3 years 

3 - 5 years 

More than 5 years

Total

Frequency

16

11

27

1

5

10

16

Percentage

59.3

43.7

100

6.3

31.3

62.5

100

Table 2: Alcohol consumption associated with time of exposition. Most of the inquired stated that they have been drinking for 
more than five years, which shows the large time of exposure to alcohol. 
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Consumption of energy beverages is a common 
practice among alcohol drinkers

 It is a common belief among alcohol drinkers 
that taking energy beverages after, or sometimes be-
fore, the consumption of alcohol reduces the effect of 
hangover. Others also believe that a combination of dry 
beverages with a soft drink or any sweetened drink de-
creases the effect of drunkenness. So, we sought to rule 
out the possibility of reaching an erroneous conclusion 
about the development of T2DM due to a confounding 
factor. Firstly, we quantified the total sugar of two en-
ergy drinks, C1 and C1’, and found 10% of sugar in both. 
Secondly, we questioned the participants whether they 
used to drink energy drinks before the disease and the 
frequency of drinking. We inquired 27 patients with no 
DM family history, and 85.2% (16) of the patients admit-
ted to consuming energy drinks, and 14.8 (11) did not. 
The most ingested drink was C1, 68.8% (11), and most 
of them affirmed to drink between two and four cans 
within a month. Additionally, they used to drink the 
beverages whenever they needed to get appetite after 
drinking and when they worked night shifts. The high 
amount of sugar (20 or 40%) might have increased the 
risk for the development of T2DM rather than alcohol 
consumption in those patients.

Other metabolic disorders can be considered 
risk factors of diabetes mellitus or appear as a 
complication of the disease.

 Similarly, to prevent the risk of having mis-
conceptions, we explored the possibility of the T2DM 
to appear as a consequence of metabolic diseases and 
not necessarily to be caused by alcohol consumption 

or other factors. As a result, 60.8% (n= 45) affirmed 
to suffer from another pathology, but the rest (39.2%, 
n= 29) did not have any. Most of those who responded 
positively had arterial hypertension (53%, n= 39). The 
remaining (47%, n= 6) are distributed among infectious 
and heart disease. When questioned about which dis-
ease they had first, 43.2% (n= 32) referred to diabetes 
mellitus, and the other 56.8% (42) had hypertension, 
heart, and infectious diseases (Figure 5). These data 
highlight that, in fact, there is a chance that those met-
abolic and infectious diseases may have acted as risk 
factors for T2DM and are not a complication of DM.

Discussion 

 Type 2 diabetes mellitus describes a group of 
metabolic disorders caused by insulin resistance [5] in 
the cells. T2DM is a worldwide important public health 
problem that is expected to double in the next years 
[15]. Its risk factors include obesity, sedentary lifestyle, 
and alcohol consumption. Although there is a discrep-
ancy regarding the effect of alcohol in the organism, 
some literature studies have associated chronic alcohol 
consumption with the development of T2DM [13].
 In this study, we investigated whether or not 
alcohol was a causal factor of type 2 diabetes mellitus in 
the patients assisted at the Hospital Central de Nampu-
la. Similar to what other reports have established, we 
found that distilled beverages have a higher amount of 
sugar compared to undistilled ones. The prevalence of 
T2DM was higher in men (59.5%) than women (40.5%), 
similar to the study by Marín-Peñalver et al. [9,16] 
where a higher prevalence of T2DM was found in older 
men. We also found that almost half of the participants 

Figure 5: Metabolic diseases and infections in patients with T2DM. The most prevalent disease among those patients was  
hypertension. A low prevalence was found in the other reported comorbities, including infectious diseases. 
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47.3% (35) had a family member with DM, and in 97% 
(34) of cases, a first-degree relative was involved, sug-
gesting that type 2 diabetes genes may contribute to the 
risk for T2DM if environmental factors are present. 
 Thus, we speculate that those patients devel-
op T2DM as a result of a genetic predisposition rather 
than alcohol consumption.
 Although the genetic risk of T2DM is con-
sidered low compared to T1DM, a family history of 
diabetes is important to be considered in T2DM [17]. 
Indeed, ample pieces of evidence show that type 1 and 
2 diabetes are genetically determined. Despite the di-
vergence on the effect of alcohol on DM [13], there is 
evidence of increased risk of DM development among 
alcoholics. Our study found that most of the inquired 
patients with no family history (59.3%) consumed alco-
hol during their life, which suggests that this environ-
mental factor may have impacted, but not determined, 
type 2 diabetes mellitus. Different results were found 
in a review conducted by Koppes et al., who pointed 
that alcohol consumers have a 21-36% lower relative 
risk of total mortality and 25-66% lower relative risk of 
total and fatal coronary heart disease (CHD) in T2DM 
alcoholic consumers compared to non-consumers [18]. 
This difference may be based on the consideration of 
the quantity of alcohol consumed, type of alcohol, and 
frequency of consumption, as indicated by Carlsson et 
al., [13]. These authors stated that increased risk results 
from higher alcohol consumption. In this study, dis-
tilled beverages had a higher amount of sugar, and they 
were less consumed than undistilled. The frequency of 
consumption was moderate based on the WHO param-
eters, the reason why the results suggested that there 
might be no relationship between alcohol consump-
tion and the development of T2DM in those patients. 
 In addition, it is a belief among alcohol con-
sumers to consume energy drinks to resolve the effect 
of a hangover or minimize the strength of alcohol. 
Thus, we explored if the patients have also used en-
ergy drinks before their DM diagnosis to rule out an 
important confounding factor. With this exercise, we 
wanted to verify whether T2DM was eventually caused 
by alcohol consumption and not by energy drinks. We 
found that most of the patients (with no diabetes mel-
litus family history) consumed energy drinks before 
the disease, suggesting that it might have a contri-
bution to T2DM, in concurrence with other factors. 
A similar study conducted by Palmer and cowork-
ers investigating the association of sugar-sweetened 
drinks with type 2 diabetes mellitus found that regu-

lar consumption of sugar-sweetened soft drinks and 
fruit drinks was associated with an increased risk of 
type 2 diabetes mellitus in African American women 
[19]. Another study by Malik, Popkin and Bray from 
2010 found a strong and consistent association be-
tween sugar-sweetened beverages and type 2 diabetes 
mellitus [20]. Although a huge number of literature 
studies have associated alcohol consumption and the 
incidence of type 2 diabetes mellitus, we found no sta-
tistically significant association in this regard in the 
analyzed patients. These results suggest that, rather 
than alcohol, any other factor such as energy drinks 
may have played an important role in the development 
of T2DM, specifically those with no diabetes mellitus 
family history. Thus, further contextual studies are 
needed to gather a couple of other factors to under-
stand the biochemical basis of the pathology. Finally, 
we are also fully aware that each of these factors alone 
might have no relevance or have a weak role in the de-
velopment of T2DM, but altogether the effect may be 
powerful.

Conclusions 

 The laboratory assay showed that distilled bev-
erages had a higher amount of sugar compared to undis-
tilled ones. Most of the T2DM patients with and without 
DM family history stated they do not consume alcohol. 
Although a great number of patients with no family his-
tory of diabetes mellitus reported consuming alcohol, 
the frequency was moderate. In addition, a consider-
able number of those classed as people with diabetes had 
a first-degree family member with diabetes mellitus. 
Thus, we found no direct relationship between alcohol 
consumption and the development of type 2 diabetes 
mellitus in those patients. Thus, other relevant factors 
triggering type 2 diabetes mellitus should be unveiled in 
the patients. Secondly, diagnosing type 2 diabetes melli-
tus should be as accurate as possible to prevent the dis-
ease’s long-term complications.

Acknowledgments 

 The authors would like to address gratitude to 
Dr. G. D. Martinho for his contribution to this paper. 
We would also like to thank the Interdisciplinary Study 
Center staff for their help in the laboratory phase of 
this research.



© 2020 The Authors Romanian Journal of Diabetes, Nutrition and Metabolic Diseases: www.rjdnmd.org 127

Rom J Diabetes Nutr Metab Dis. 2020; volume 27, issue 2

Conflict of Interest

 The authors declare that there is no conflict of 
interest.

References

1.     T A, DC D, OJ A, OA S. Assessment of the Antidiabetic Potential of 
the Ethanolic Extract of Date Palm [Phoenix Dactylifera] Seed in 
Alloxan-Induced Diabetic Rats. J Diabetes Metab. 2017;09[01]:1–9. 

2.     Al-shehri FS. Glycemic Control and Microvascular Complications 
of Type 2 Diabetes among Saudis. Journal of diabetes mellitus. 
2019;167–75. 

3.     Wu Y, Ding Y, Tanaka Y, Zhang W. Risk factors contributing to 
type 2 diabetes and recent advances in the treatment and preven-
tion. Int J Med Sci. 2014;11[11]:1185–200. 

4.     G. Stratton A, D. Matus C, Sweitzer K. Diabetes Management in 
Resource Poor Countries. J Diabetes Mellit. 2019;09[01]:24–30. 

5.     Olokoba AB, Obateru OA, Olokoba LB. Type 2 diabetes mellitus: A 
review of current trends. Oman Med J. 2012;27[4]:269–73. 

6.     Sweeting AN, Ross GP, Hyett J, Molyneaux L, Constantino M, 
Harding AJ, et al. Gestational Diabetes Mellitus in Early Pregnan-
cy: Evidence for Poor Pregnancy Outcomes Despite Treatment. 
Diabetes Care. 2016;39[1]:75–81. 

7.     Chang C, Ho Y, Lin S, Liu H. Discovery of Novel N -Glycoside and 
Non-Glycoside hSGLT2 Inhibitors for the Treatment of Type 2 Di-
abetes Mellitus. Journal of diabetes mellitus. 2019;77–104. 

8.     Parhi A, Das S, Mahapatra S, Pradhan N. The Level and Role of 
Interleukin-17 in Patients of Type 2 Diabetes Mellitus with and 
without Complications. Journal of diabetes mellitus. 2019;176–85. 

9.  Marín-Peñalver JJ, Martín-Timón I, Sevillano-Collantes 
C, Cañizo-Gómez FJ del. Update on the treatment of type 2 diabetes 
mellitus. World J Diabetes. 2016;7[17]:354. 

10.     Abdelrahim I, Humaida I. Diabetics and Sexual Disorders : 
Both Men and Women with Diabetes Suffer from Impotence 
and Lack of Sexual Desire. Open Science Journal of Psycology. 
2018;5[4]:63–7. 

11.     Kamaldeep Singh S. Diabetes Associated Male Reproductive Dys-
functions: Prevalence, Diagnosis and Risk Factors. Int J Drug 
Dev Res. 2016;8[2]:7–10. 

12.     Brock C, Brock B, Pedersen AG, Drewes AM, Jessen N, Farmer AD. 
Assessment of the cardiovascular and gastrointestinal autonom-
ic complications of diabetes. World J Diabetes. 2016;7[16]:321. 

13.     Carlsson S, Hammar N, Grill V, Kaprio J. Alcohol consump-
tion and the incidence of type 2 diabetes: A 20-year follow-up 
of the Finnish Twin Cohort Study. Diabetes Care. 2003 Oct 
1;26[10]:2785–90. 

14.     Kim SJ, Kim DJ. Alcoholism and diabetes mellitus. Diabetes Me-
tab J. 2012;36[2]:108–15. 

15.     Lemes Dos Santos PF, Dos Santos PR, Ferrari GSL, Fonseca GAA, 
Ferrari CKB. Knowledge of diabetes mellitus: Does gender make 
a difference? Osong Public Heal Res Perspect. 2014;5[4]:199–203. 

16.     Nordström A, Hadrévi J, Olsson T, Franks PW, Nordström P. 
Higher prevalence of type 2 diabetes in men than in women is as-
sociated with differences in visceral fat mass. J Clin Endocrinol 
Metab. 2016;101[10]:3740–6. 

17.     Rich SS. Genetics of Diabetes and Its Complications. Frontiers in 
Nephrology. 2006;353–60. 

18.     Koppes LLJ, Dekker JM, Hendriks HFJ, Bouter LM, Heine RJ. 
Meta-analysis of the relationship between alcohol consumption 
and coronary heart disease and mortality in type 2 diabetic pa-
tients. Diabetologia. 2006;49[4]:648–52. 

19.     Palmer JR, Boggs DA, Krishnan S, Hu FB, Singer M, Rosen-
berg L. Sugar-sweetened beverages and incidence of type 2 di-
abetes mellitus in African American women. Arch Intern Med. 
2008;168[14]:1487–92. 

20.     Malik VS, Popkin BM, Bray GA, Després JP, Hu FB. Sugar-sweet-
ened beverages, obesity, type 2 diabetes mellitus, and cardiovas-
cular disease risk. Vol. 121, Circulation. 2010. p. 1356–64. 



Original Article

Rom J Diabetes Nutr Metab Dis
2020; volume 27, issue 2, pages 128-134

https://doi.org/10.46389/rjd-2020-1021 
www.rjdnmd.org

Received: February 24th, 2020 / Accepted: April 21st, 2020

1   Department of Microbiology, Virology and Immunology, Zaporizhzhia State Medical University, Zaporizhzhia, 
 Ukraine
2   Functional and Laboratory Diagnostics Department, I. Horbachevsky Ternopil National Medical University, 
Ternopil, Ukraine
3   Department of Pharmacology and Medical Prescription, Zaporizhzhia State Medical University, Zaporizhzhia, 
Ukraine

* Corresponding Author: Inna Yakivna Krynytska, Professor; Functional and Laboratory Diagnostics Department, I. Horbachevsky Ternopil 
National Medical University, Ternopil, Ukraine, 46001 Majdan Voli 1, Ternopil, Ukraine. E-mail: krynytska@tdmu.edu.ua. Phone: +0964790616

Changes in the Expression of Regulatory MicroRNAs – miR-21 
and miR-155 – in Gut-Associated Lymphoid Tissue Cells of Rats 
with Streptozotocin-Induced Diabetes and After the  
Administration of a Non-Selective TNF-A Blocker 
Anna Degen 1, Inna Krynytska 2*, Alexander Egorov 3, Aleksandr Kamyshnyi 1

Introduction

 Diabetes mellitus (DM) is a multifactorial met-
abolic disorder, characterized by chronic hyperglyce-
mia leading to significant physiological, biochemical, 
and histological changes in the affected organisms 
[1-4]. The development of type 1 diabetes (T1D) can be 
triggered by genetic predisposition as well as changes 
occurring in the gut-associated lymphoid tissue (GALT) 
combined with an imbalance in the composition of the 
intestinal microbiome. These changes are associated 
with the development of chronic inflammation as a 
result of the activation of both the innate and adaptive 

parts of the immune response [5, 6]. 
 Our previous studies found that the develop-
ment of streptozotocin-induced diabetes (STZ-induced 
diabetes) in rats is accompanied by changes in the level  
of gene expression of the entero-insular axis [7] and cy-
toarchitectonics of TLR2+ and TLR4+ lymphocytes in 
GALT [8]. Transcriptional induction of autoimmune 
tolerance regulator genes [9], differentiation of Th1, 
Th17, Treg-cells [10] and proinflammatory cytokines 
[11] play an essential role in the progression of both DM 
and a range of inflammatory diseases.
 At the same time, regulatory microRNAs - miR-21  
and miR-155 play an important role in maintaining the 

Abstract
Introduction: The development of type 1 diabetes can be triggered by genetic predisposition as well as changes occurring in 
the gut-associated lymphoid tissue. This study aimed to investigate the transcriptional activity of the miR-21 and miR-155 
genes in gut-associated lymphoid tissue cells of rats with streptozotocin-induced diabetes, both untreated and treated with  
pentoxifylline, a non-specific blocker of TNF-α. Material and Methods: Experimental diabetes mellitus was induced by 
singleintraperitoneal administration of streptozotocin at a dose of 50 mg/kg body weight. Pentoxifylline was administrated 
orally at a dose of 9 mg/kg body weight for 2 or 4 weeks from the first day of streptozotocin-induced diabetes. The expression of 
miR-21 and miR155 genes was studied using real-time quantitative polymerase chain reaction. Results: Streptozotocin-induced  
diabetes led to the transcriptional induction of the miR-21 and miR155 genes. Pentoxifylline administration to the experimental  
animals led to the 3-fold downward trend of miR-21 gene expression on day 28 of the experiment. Conclusions: The expression 
 of miR-21 and miR155 genes in immune cells may be used as markers of several autoimmune pathologies progression such as 
type 1 diabetes due to their effect on the balance of pro- and anti-inflammatory factors.
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pro- and anti-inflammatory signaling balance and its 
violations in autoimmune pathologies [12]. miR-21 is 
one of the most highly expressed members of the small 
non-coding microRNA family in many mammalian cell 
types [13]. Recent studies have confirmed a key role of 
miR-21 in the development of inflammation and the 
negative regulation of the proinflammatory response. 
Thus, miR-21 is considered to be one of the key media-
tors of inflammation in macrophages, and its inhibition 
in leukocytes modulates the inflammatory response. In 
essence, miR-21 induction can be seen as a “molecular 
rheostat” regulating the inflammatory switch. Emerg-
ing studies indicate that miR-21 promotes inflamma-
tion and plays essential roles during the pathogenesis 
of autoimmune diseases, including T1D, psoriasis, mul-
tiple sclerosis (MS), rheumatoid arthritis (RA), and sys-
temic lupus erythematosus (SLE) [14].
 miR-155 is one of the first identified and, to 
date, the most studied miRNA, and has been linked to 
various cellular processes such as modulation of im-
mune responses and oncogenesis. Previous studies 
have identified miR-155 as a crucial positive regulator 
of Th1 immune response in autoimmune diseases [15]. 
Different pathogen-associated molecular patterns 
(PAMPs), alarmins, proinflammatory cytokines (TNFα, 
IL-1β, INFγ) are inductors of miR-155 expression, whose 
generation is intensified in infections and injuries 
[16]. On the other hand, anti-inflammatory cytokines  
(IL-10, TGF-β), resolvins, glucocorticoids, and negative 
post-transcriptional regulators effectively reduce the 
intensity of miR-155 expression [17].
 Because the development of T1D, like other 
chronic, immunologically-mediated diseases, is closely 
linked to the overproduction of proinflammatory cyto-
kines, an important way of its correction is to reduce the 
activation of proinflammatory signaling. One of these 
critical systemic cytokines is tumor necrosis factor α 
(TNF α) [18], and its primary source is GALT cells [19].
 Thus, this study aimed to investigate the tran-
scriptional activity of the miR-21 and miR-155 genes in 
GALT cells of rats with streptozotocin-induced diabe-
tes, both untreated and treated with pentoxifylline as a 
non-specific blocker of TNF-α.

Material and Methods

 The experimental animals, white Wistar ma-
ture male rats (n=80) obtained from the nursery of  

Veterinary Medicine Association Ltd. “Biomodelser-
vis” (Kyiv) were housed under standard conditions, 
with proper diet and water ad libitum at the animal 
facility of Zaporizhzhia State Medical University. An-
imal treatment and all experimental procedures were 
performed in compliance with the European Conven-
tion for the Protection of Vertebrate Animals used for 
Experimental and other Scientific Purposes. The study 
was approved by the Ethical Committee of Zapor-
izhzhia State Medical University. 
 Experimental study design comprised five 
groups: nondiabetic untreated animals - control (group 
1; n=16); animals with experimental diabetes mellitus 
(EDM), 14 days after streptozotocin (STZ) administra-
tion (group 2; n=16); animals with EDM, 28 days after 
STZ administration (group 3; n=16); animals with 
EDM, 14 days after STZ administration, and treated 
with pentoxifylline (PTX) (group 4; n=16); animals with 
EDM, 28 days after STZ administration, and treated 
with PTX (group 5; n=16).
 EDM was induced by a single intraperitoneal  
administration of STZ (Sigma Chemical, USA) at a dose 
of 50 mg/kg body weight. Immediately prior to the  
administration, STZ was dissolved in 0.1 M citrate 
buffer (pH 4.5). The period from STZ administration to 
termination of the experiment was interpreted as the 
duration of EDM. The control group received a 
corresponding amount of citrate buffer.
Blood glucose concentration was determined using the 
glucose oxidase method with a BIONIME Rightest TM 
GM 110 glucometer (Switzerland) 12 hours and then on 
days 1, 2, 3, 5, 7, 10, 14, and 28 after STZ administration.
 Blood samples were taken from the tail vein. 
Animals with a fasting glucose level of > 8.0 mmol/l 
were selected for the study. Glucose concentration was 
determined after 6 hours of starvation on the third day 
after STZ administration.
 PTX was administrated orally at a dose of 9 mg/kg 
body weight for 2 or 4 weeks from the first day of EDM 
induction. We used PTX, a methylxanthine deriva-
tive, and a non-selective phosphodiesterase inhibitor 
because it has been reported that it might also influ-
ence the function of immune cells and the production 
of cytokines. In particular, PTX was shown to inhibit 
efficiently TNF-α transcription in various in vitro and 
in vivo systems [20].
 Real-time reverse transcription-polymerase 
chain reaction (RT-PCR) was used to analyze the ex-
pression of genes. Tissue samples (ileum with isolated 
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lymphoid follicles) embedded in paraffin were cut with 
a microtome (slice thickness of 15 μm) and placed in 
Eppendorf tubes (Eppendorf AG, Germany). The tissue 
samples were dewaxed by incubation in xylene twice 
for 5 minutes, then in 100% ethanol twice for 5 minutes. 
Isolation of total RNA from rat tissues was performed 
using the Trizol RNA Prep 100 Kit (IZOGEN, RF) accord-
ing to the manufacturer’s protocol.
 The concentration and quality of isolated 
total RNA were determined on a Libra S32PC spec-
trophotometer (Biochrom ltd., England). For the 
subsequent reverse transcription procedure, RNA 
samples were selected with the following parame-
ters: ratio A260/A280 within the range of 1.8-2.2. Re-
verse transcription (cDNA synthesis) was performed 
using the TaqMan® MicroRNA Reverse Transcrip-
tion Kit (Life Technologies, USA), specific miR-21 
and miR-155 loop primers (rno-mir-21 Stem-loop Se-
quence: UGUACCACCUUGUCGGGUAGCUUAUCA-
GACUGAUGUUGACUGUUGAAUCUCAUGGCAA-
CAGCAGUCGAUGGGCUGUCUGACAUUUUGGUAUC; 
rno-mir-155 Stem-loop Sequence: CUGUUAAUGC-
UAAUUGUGAUAGGGGUUUUGGCCUCUGACUGA-
CUCCUACCUGUUAGCAUUAACAG), small nu-
clear U6 RNAs (endogenous control) and 10 ng of 
RNA as an internal control. Real-time quantita-
tive PCR was conducted using TaqMan® MicroRNA  
Assays (Life Technologies, USA): U6 small nuclear RNA 
(ID 001973) and rno-miR-21-5p (Assay ID 000397, Mature 
miRNA Sequence: UAGCUUAUCAGACUGAUGUU-
GA, miRBase Accession Number MIMAT0000790, 
Chromosome Location: Chr. 10 - 73902210 - 73902301 
[-] on Build Rnor_6.0) and rno-miR-155-5p (Assay 
ID 002571, Mature miRNA Sequence: UUAAUGC-
UAAUUGUGAUAGGGGU, miRBase Accession Num-
ber MIMAT0030409, Chromosome Location: Chr. 11 

- 24176603 - 24176667 [+] on Build Rnor_6.0). The PCR 
temperature cycles were as follows: initial denatur-
ation for 10 minutes at 95°C and 40 cycles for 15 sec-
onds at 95°C and 60 seconds at 60°C on a CFX 96 ther-
mocycler (Bio-Rad, USA).
 PCR data analysis was performed using the 
CFX Manager™ software (Bio-Rad, USA). All ampli-
fication reactions on individual samples were per-
formed in three replications. All experimental data 
were processed using Microsoft Excel 2019 (Microsoft 
Corp., USA) and STATISTICA 13 (TIBCO Software Inc., 
2018).  For all indices, we calculated the sample mean 
(M), its variance, and standard error (m). Significance 
of the differences between the sets of experimental and 
control groups data was determined using Student’s 
t-test (t), probability of sample means distribution (p), 
and confidence interval. Statistical significance was 
set at 0.05.

Results

 It was established that relative normalized 
expression of the miR-21 gene in ileum cells of rats 
with STZ-induced diabetes significantly increased by 
6.9 times on day 14 of the experiment and by 7.3 times 
on day 28 of the experiment compared to the control 
group (Figure 1A). PTX administration to the experi-
mental animals led to a downward trend of expression 
of the miR-21 gene on day 14 of the experiment;  
however, these changes were not statistically signifi-
cant (Figure 1С). On day 28 of the STZ-induced diabe-
tes development in rats treated with PTX, a significant 
decrease in the expression of the miR-21 gene by 3.0 
times compared to rats with STZ-induced diabetes was 
established (Figure 1E).
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 Transcriptional activity of the miR-155 gene 
in ileum cells of rats with STZ-induced diabetes signifi-
cantly increased only on day 28 of the experiment by 
15.5 times compared to the control group (Figure 1B). 
PTX administration to the diabetic animals did not lead 
to statistically significant changes in the transcription-
al activity of the miR-155 gene (Figure 1D, 1F).

Discussion

 Recently, the mechanisms of cascading patho-
genetic changes taking place during the development 
of an autoimmune pathology, including T1D, received 
considerable attention [21]. Immune disorders lead to 
the development of T1D; simultaneously, hyperglyce-
mia increases the autoimmune response, leading to 

a “vicious” circle [9]. Regulatory microRNAs play an 
important role in maintaining the pro- and anti-in-
flammatory signaling balance in the development of 
autoimmune pathologies [12]. The MicroRNA Target 
Prediction Database (miRDB, http://mirdb.org) cur-
rently lists 234 predicted targets for rno-miR-155-5p. 
Additional miR-155 targets have been identified in  
humans. A bioinformatics analysis performed us-
ing TargetScan (www.targetscan.org) to investigate  
miR-155 functional targets, predicted 552 human  
mRNAs as potential targets of miR-155. 
 Another database, miRTarBase (http://mir-
tarbase.mbc.nctu.edu.tw/index.php), lists 898 exper-
imentally validated transcripts directly or indirectly 
modulated by miR-155. In particular, miR-155 is crucial 
for the differentiation and function of T and B lym-
phocytes, as well as myeloid cells [22]. Thus, forced  

Figure 1 (A-F): Relative normalized number of miR-21 and miR-155 in the rat ileum cells. Normalization using the ΔΔCt method 
with U6 as a reference gene. d2, d4: 2nd and 4th week of EDM, respectively; d2 + pentoxifylline, d4 + pentoxifylline: after the 
administration of pentoxifylline to diabetic animals.
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expression of miR-155 in bone marrow cells induces 
myeloproliferation and tumorogenesis. The transcrip-
tion of miR-155 increases in response to lipopolysaccha-
rides (LPS), TNFα, and INFβ [23]. A review by Mashi-
ma presents the most current information on the role 
of miR-155 in the immune system [24]. During antigen 
processing following infection, the lack of miR-155 in 
dendritic cells (DCs) results in a failure to present an-
tigens to T cells. During T cell activation, miR-155-de-
ficient CD4+ T cells increase Th2 subsets in response 
to IL-4, while miR-155 overexpression promotes Th1  
responses after IFN-γ stimulation [25]. During the  
effector phase of the immune response, miR-155 plays a 
key regulator role in pathogen scavenging [26]. Kurows-
ka-Stolarska et al. have shown a clear inverse correla-
tion of miR-155 expression level in CD14+ monocytes 
and CD68+ macrophages in patients with rheumatoid 
arthritis [27]. A study by Ye et al. showed that adminis-
tration of miR-155 inhibitors to male Sprague-Dawley 
rats with STZ-induced diabetes significantly reduced 
the intensity of the inflammatory response and result-
ed in faster wound healing compared to the intact ani-
mals [28]. An experiment on mice with the Dicer gene 
knockout [29] demonstrated the role of miR-155 as a 
trigger for DM development (Dicer, a ribonuclease III 
enzyme is required for processing of mature miRNA 
forms) [30]. Only 10% of male Dicer-KO mice developed 
DM pathology 25 days after STZ administration, while 
70% of wild-type mice underwent DM induction [29]. 
However, in knockout miR-155KO mice, the homeostat-
ic ratio of Treg regulatory cells and proinflammatory 
T lymphocyte populations (Th17) is unbalanced, with 
a shift towards Th2 differentiation. Thus, miR-155KO 
mice are resistant to the development of experimental 
autoimmune encephalomyelitis (EAE) caused by Th17 
and Th1 differentiation defects, confirming the role of 
miR-155 in the induction of inflammation.
 Recent studies show that miR-21 also plays a 
prominent role in the regulation of immune functions 
[31]. Non-activated T lymphocytes and antigen-pre-
senting cells (APCs) have a low level of miR-21 expres-
sion, but after their activation, the level of expression 
changes dramatically [13]. At the same time, by con-
tributing to the induction and maintenance of inflam-
mation, miR-21 plays an essential role in the pathogen-
esis of several autoimmune diseases, including T1D, 
psoriasis, multiple sclerosis, rheumatoid arthritis. 
The expression of miR-21 is induced by LPS, phorbol 
12-myristate 13-acetate (PMA), IL-6 through activation 
of nuclear factor kappa B (NF-κB) transcription factors 

(p65 binds to two miR-21 promoter sites with subse-
quent positive regulation), AP-1, STAT-3 [32]. Most tar-
get genes for miR-21 are tumor suppressors that regulate 
cell proliferation and activation and have anti-apoptot-
ic activity. Inhibition of T-cell apoptosis occurs through 
the suppression of PDCD4 [33], TIPE2 [34] and FASL [35]. 
Furthermore, miR-21 regulates T helper cells, stimulat-
ing the Th2 subpopulation’s differentiation through in-
hibition of IL-12p35 gene expression in dendritic cells, 
and Th17 differentiation through SMAD7 suppression 
[36]. Homing of T lymphocytes into the secondary lym-
phoid organs also relies on miR-21 through the inhibi-
tion of CCR7 expression [37]. Studies show that miR-21 
intensifies the transmission of ERK and JNK signals 
in activated T cells through suppression of Sprouty1, 
while overexpression of miR-21 stimulates the activity 
of activator protein 1 (AP-1) and expression of IL-2. This 
suggests that miR-21 can increase the T-cell response 
[38]. Murugaiyan et al. found that in miR-21 -/- mice, 
T-cell differentiation into a Th17 subpopulation is di-
minished, causing their resistance to EAE [36]. miR-21 
induces Th17 differentiation by stimulating SMAD-2/3 
activation, inhibiting IL-2 expression, and ultimate-
ly upregulating the TGF-β signaling pathway. Dong et 
al. found that in peripheral blood mononuclear cells 
(PBMC) of patients with RA, the expression level of miR-
21 was reduced, but this was accompanied by elevated 
expression of proinflammatory cytokines (IL-17, IL-22, 
TNF-α) and STAT3 transcription factor [39]. SMAD-7, a 
negative regulator of TGF-β signaling and direct miR-21 
target, also plays a notable role in this pathway. SMAD-7 
can both suppress Th17 differentiation by down-regu-
lating the TGF-β signal cascade and boost it by suppress-
ing Treg differentiation. Thus, in patients with RA, the 
number of FOXP3+ T cells and miR-21 levels were both 
significantly reduced. This was accompanied by ele-
vated expression and activation of STAT3, as well as a 
decrease in the levels of the STAT5/pSTAT5 protein and 
Foxp3 mRNA [39]. However, in another study, although 
miR-21 levels were elevated in regulatory T cells (Tregs), 
inhibition of miR-21 in Tregs altered Foxp3 expression 
[40]. Research on the role of miR-21 in the pathogenesis 
of autoimmune diseases opens the possibility of using 
its inhibitors in the treatment of autoimmune diseas-
es. For instance, in a mouse model of autoimmune en-
cephalomyelitis, inhibited expression of miR-21 led to 
a decrease in the production of proinflammatory cyto-
kines IL-17A, IL-17F, IL-21, and IL-22, producing a posi-
tive treatment outcome [34]. Garchow et al. found that  
inhibition of miR-21 transcriptional activity in vivo 
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contributes to the alleviation of autoimmune spleno-
megaly in a tri-congenic B6.Sle1.Sle2.Sle3 (B6.Sle123) 
mouse model [41]. In addition, the expression of miR-21 
was significantly upregulated in the PBMC of patients 
with T1D [42]. Furthermore, the use of anti-miR-21 al-
tered the CD4/CD8 T-cell ratio and decreased Fas recep-
tor expression in the lymphocytes. 
 In summary, although miR-21 and miR-155 are 
shown to be significantly upregulated or downregu-
lated in several autoimmune diseases, it remains to be 
determined whether they can be used as biomarkers  
for the diagnosis and prognosis of autoimmune  
disease. The results of this investigation demonstrate 
that STZ-induced diabetes led to the transcriptional in-
duction of the miR-21 and miR155 genes. PTX adminis-
tration to the experimental animals led to a downward 
trend of miR-21 gene expression on day 28 of the experi-
ment. MiR-21 and miR-155 are likely among the triggers 
for the onset and progression of DM, resulting from 
their effect on the delicate balance of pro- and anti-in-
flammatory factors, the level of cytokines, modula-
tion of cell differentiation of both adaptive and innate  
immunity, and homing of immunocompetent cells.

Conclusions 

 The results of this investigation demonstrate 
that the expression of regulatory microRNAs (miR-
21 and miR155) genes in immune cells may be used as 
markers of several autoimmune pathologies progres-
sion such as type 1 diabetes mellitus due to their effect 
on the balance of pro- and anti-inflammatory factors, 
including the level of cytokines, modulation of cell  
differentiation of both the adaptive and innate immu-
nity, and homing of immunocompetent cells. Pento- 
xifylline is a potential therapeutic alternative for the 
treatment of type 1 diabetes mellitus or other autoim-
mune pathology characterized by excessive production 
of proinflammatory cytokines.
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 Introduction

 Diabetes mellitus (DM) is an oxidative met-
abolic disorder whose prevalence has continuously 
increased worldwide over the past few decades. It is 
characterized by hyperglycemia that results from an 
absolute or relative insulin deficiency and is associated 
with long-term complications that affect the eyes, kid-
neys, heart, liver, blood vessels, and nerves [1]. 
The liver is involved in the regulation of blood glucose 
levels in physiological and pathological states such as 
DM [2, 3]. The spectrums of biochemical changes that 
occur in DM resemble those of liver diseases [4, 5]. The 

important indicators in assessing liver injury are lev-
els of plasma alanine transaminase, aspartate trans-
aminase, alkaline phosphatase, and gamma-glutamyl 
transferase [6-8]. Elevated levels of serum transaminas-
es are a common sign of liver disease and are observed 
more frequently among people with diabetes than the 
general population [9]. 
 Pharmaceutical industries have come to con-
sider traditional medicine as a source of identification 
of bioactive agents that can be used to design synthet-
ic drug products. Extracts from medicinal plants are 
now being sold in the purified form for the treatment 
and prevention of all types of diseases. Tetracarpidium 
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Abstract
Introduction: This study evaluated the protective potential of Tetracarpidium conophorum seeds against liver damage in rats 
treated with a single intraperitoneal dose of 75 mg/kg/body weight of streptozotocin. Material and Methods: The rats were 
divided into five (n=5) groups: A - normal control, B - diabetic control, C - diabetic rats treated orally with a Tetracarpidium 
conophorum seeds extract (500 mg/kg/body weight), D - diabetic rats treated orally with 7 mg/kg/body weight of metformin 
and E - diabetic rats treated subcutaneously with 0.3 IU/kg/body weight of Humulin R. Treatment was done once daily for 2 
weeks. A blood sample was collected for biochemical estimations. The liver and pancreas were also harvested for biochemi-
cal/histological studies. Results: The blood glucose reduction percentage was 41%, 34%, and 36% in rats treated with Tetra-
carpidium conophorum seeds, metformin and insulin, respectively. Tetracarpidium conophorum seeds significantly reduced 
(p<0.05) thiobarbituric reactive substances, serum transaminases, gamma-glutamyl transferase levels, and the percentage 
of hepatic fragmented DNA while it significantly decreased (p<0.05) glutathione levels and increased superoxide dismutase 
activity. Histological observations showed varying degrees of liver and pancreas damage in the diabetic group that was un-
treated, while the administration of Tetracarpidium conophorum seeds significantly improved the general histoarchitecture 
of tissues relative to control group and other treatment groups. Conclusions: Tetracarpidium conophorum seeds possess 
good glycemic control of diabetes mellitus and protect the liver against oxidative damage induced by hyperglycemia.  

Keywords: Tetracarpidium conophorum seed, diabetes, biomarkers, liver damage.
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conophorum, known as African walnut, is called “as-
ala” by Yoruba people in South-Western Nigeria and 
“ukpa” by the Igbo ethnic group in South-Eastern Ni-
geria. T. conophorum is an industrial plant widely cul-
tivated for the production of nuts and is used as a deli-
cacy. The nuts are eaten either raw or cooked [10, 11]. 
 Diabetic patients are hindered from access-
ing effective medications due to financial constraints. 
Hence, there is a need for an affordable and accessible 
medicinal plant with little or no side effects to manage 
the disease [11]. Therefore, this study was conducted in 
order to investigate possible protective potentials of T. 
conophorum seeds against diabetic liver damage in a 
streptozotocin-induced diabetic rat model.
 

Material and Methods 

Reagents and chemicals

 Methanol, streptozotocin, citric acid, sodium 
citrate, normal saline, hydrochloric acid, Tris, EDTA, 
Triton x-100, Diphenylalanine, glacial acetic acid, sul-
furic acid, acetaldehyde, trichloroacetic acid, sodium 
hydroxide, Humulin R and Metformin were obtained 
from either the Sigma chemical company, St. Lious, 
Mo, U.S.A., or British Drug House (BDH) chemical 
Ltd., Poole, England. The diagnostic kits were obtained 
from Randox Laboratories Ltd., Crumlin, Co. Antrim, 
U.K., or Agappe Diagnostics, Switzerland. All reagents 
and chemicals used were of analytical grade.

Methanolic extraction from Tetracarpidium cono-
phorum

 T. conophorum nuts were purchased from a 
local market in Osogbo, Osun State, Nigeria. The plant 
was identified and authenticated at IFE Herbarium, 
Department of Botany, Obafemi Awolowo University, 
Ile-Ife, Nigeria, where specimen copy was deposited. 
The herbarium identification number was 17713. The 
nuts were prepared and extracted with 100% methanol. 
Acute toxicity and determination of safe doses of the 
extract have been described in our previous study [11].  

Phytochemical screening of extract and fractions

 The preliminary phytochemical tests were 
carried out on the methanol extract using standard 

procedures, as described by Harborne and Turner 
[12].

Determination of total antioxidant capacity and  
reducing power assay 

 Total antioxidant capacity was assayed using 
the phosphomolybdenum method as described by Prie-
to et al. [13] while reducing power assay was carried out 
as described by Oyaizu [14].

Grouping and treatment of experimental animals

 Experimental animals were used following 
the institution guidelines and the European Conven-
tion for the Protection of Vertebrate Animals used for 
Experimental and Other Scientific Purposes. Thir-
ty albino rats were kept in clean plastic cages and 
fed with rat food and water ad libitum. The animals 
were acclimatized to standard laboratory conditions.  
Diabetes was induced in twenty-five rats with a single 
injection of streptozotocin (75 mg/kg/body weight), 
as described by Ajilore and Adesokan [11]. The rats 
were randomly divided into five groups (n=5) as  
follows:
 Group A: Normal control rats;
 Group B: Diabetic control rats;  
 Group C: Diabetic rats treated with 500 mg/
kg body weight of Tetracarpidium conophorum seed  
extract (TECOSE);
 Group D: Diabetic rats treated orally with 7 
mg/kg body weight of metformin;
 Group E: Diabetic rats treated subcutaneously 
with 0.3 IU/kg body weight Humulin R; 
 All the rats were treated once daily for two 
weeks. The weights and blood sugar of each rat were 
recorded before induction of diabetes, after induction 
of diabetes, and at the end of treatment. Blood samples 
were collected by ocular puncture before sacrificing 
the animals, and liver tissues were harvested.

Preparation of the blood sample 

 A fresh blood (5 ml) sample was collected by oc-
ular puncture from each rat into a clean plain labeled 
tube, allowed to clot, and was then centrifuged at 3000 
rpm for 10 minutes in a bench centrifuge at room tem-
perature. The clear serum was separated and kept at 
-20°C until assay.
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Determination of thiobarbituric acid reactive  
substances (TBARS), reduced glutathione (GSH)  
levels and superoxide dismutase (SOD) activity

 The extent of lipid peroxidation in the liver, 
brain, and heart was determined by measuring the re-
lease of TBARS using the procedure described by Otto-
lenghi [15] and expressed as nanomolar of malondialde-
hyde (MDA)/g tissue. GSH level was determined by the 
method described by Sapakal et al. [16], while SOD ac-
tivity was estimated according to the method described 
by Micord and Fridovich [17]. Tissue total protein level 
was determined according to the method described by 
Gornal et al. [18] using the Randox diagnostic kit.

DNA fragmentation assay

 Immediately after sacrificing the animals, liver  
samples were harvested, and 0.5 g of the tissues were 
homogenized with 5 ml buffer solution containing 10 
mM tris-HCL (PH.8), 1 mM EDTA, 0.2% Triton X-100. 
The homogenate was centrifuged at 10000 rpm for 20 
minutes (at 4°C). The pellet was re-suspended in 2.5 ml 
of the previous buffer solution. To the pellets (P) and 
supernatants (S), 1.5 ml of 10% tri-chloro-acetic acid 
(TCA) was added and incubated at 44°C for 10 minutes. 
Then 0.75 ml of 5% TCA was added, and the assay mix-
tures were incubated again at 100°C for 20 minutes. As 
described by Gibb et al. [19], DPA (diphenylamine) solu-
tion was subsequently added to each sample: 2 ml of 
DPA [200 mg DPA in 10 ml glacial acetic acid; 0.15 ml of 
sulfuric acid and 0.06 ml acetaldehyde]; then, the sam-
ples were incubated at room temperature for 24 hours. 
The proportion of fragmented DNA was calculated 
from absorbance reading at 600 nm using the formula: 
 DNA fragmentation =         OD (S)                  X 100
                                                OD (S) + OD (P)
 OD (S) is the proportion of fragmented DNA

 OD (P) is the proportion of intact DNA

Estimation of liver function indices

 Serum alanine transaminase and aspartate 
transaminase activities were determined according 
to the method described by Reitman and Frankel [20]  
using the Randox diagnostic kit, while gamma-glutamyl 
transferase activity was determined according to the 
method described by Szasz [21] using the Agappe diag-
nostic kit.

Histological studies

 At the end of the second week of treatment, 
liver and pancreas tissues were harvested from the sac-
rificed rats and immediately fixed in 10% formalin and 
used for histomorphological studies. 

Statistical analysis

 Data obtained were analyzed using One Way 
Analysis of Variance (SPSS version 20.0). Levene sta-
tistic was used for tests of homogeneity of variance. 
Tukey’s test was used for multiple comparisons and 
homogenous subsets. A p-value of less than 0.05 was 
considered statistically significant.

Results

Phytochemical composition of the methanol extract 
from the T. conophorum seeds

 The T. conophorum seed extract gave a positive 
test reaction to alkaloids, cardiac glycosides, steroids, 
flavonoids and terpenoids, and a negative test reaction 
to saponins, tannins, and phlobotannins (Table 1).

Table 1: Phytochemical composition of the methanol extract from the Tetracarpidium conophorum seed.

+ Present          - Absent

Results

+
+
+
_
_
+
+
_
+

Standard Snack

Alkaloids
Cardiac glycoside

Steroids
Tanins

Phlobotanins
Flavonoids
Terpenoids

 Saponins
Alkaloids
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Reducing power activity and total antioxidant  
capacity of Tetracarpidium conophorum seed 
extract.

 The ability of T. conophorum seed extract to 
reduce ferric chloride and their total antioxidant con-

tents were dose-dependent with 60 mg/ml as the high-
est, followed by 40 mg/ml and 20 mg/ml (Table 2)
 Values are expressed as mean ± S.D (n=3). 
Means of sample concentrations with different Tukey 
superscripts along the row are statistically significant 
at p<0.05.

Table 2: Reducing power activity and total antioxidant capacity of Tetracarpidium conophorum seed extract.

Samples

Reducing Power  

Activity

Total Antioxidant 

Capacity

20mg/ml

0.75 ± 0.00a

0.63 ± 0.01a

40mg/ml

0.78 ± 0.01a

0.75 ± 0.00ab

60mg/ml

0.83 ± 0.06b

0.80 ± 0.02b

Concentrations of Extract

Table 3: Average body weight (g) in the control and treatment groups.

Treatment
Group

Before
Induction

After
Induction

After 
Treatment

Percentage 
Weight Change

Normal Control

Diabetic Untreated

Diabetic + 500 mg/kg 

of Methanol Extract

Diabetic + 7 mg/

kg of Metformin

Diabetic + 0.3 unit/

kg of Humulin R

122.80±31.23a

118.00±17.89b

116.40±13.74b

120.00±15.81ab

129.60±22.24b

135.00±27.61b

96.80±10.64a

107.20±10.64a

115.00±15.83a

105.60±12.12a

146.00±26.55c

90.80±10.85a

120.60±18.22b

124.00±17.52b

112.40±9.24ab

8 %

- 6 %

13 %

9 %

7 %

Average Body Weight (g)

Note:Values are expressed as mean ± S.D (n=5). Means with different Tukey superscripts along the row are 
statistically significant at p<0.05.

Table 4: Average blood glucose (mmol/L) levels in the control and treatment groups.

Treatment
Group

Before
Induction

After
Induction

After 
Treatment

Percentage 
Blood Glucose

Normal Control

Diabetic Untreated

Diabetic + 500 mg/kg 

of Methanol Extract

Diabetic + 7 mg/

kg of Metformin

Diabetic + 0.3 unit/

kg of Humulin R

3.53±0.54a

2.98±0.60a

4.46±1.47a

4.55±0.47a

4.19±1.12a

3.54±0.54a

15.47±2.36ab

27.75±8.51c

24.11±0.47c

21.07±5.48c

3.69±0.52a

20.05±2.76b

16.41±9.65b

15.98±6.65b

13.52±1.34b

Not Sig.

+ 30 %

- 41 %

- 34 %

- 36 %

Average Blood Glucose (mmol/L)

Note:Values are expressed as mean ± S.D (n=5). Means with different Tukey superscripts along the row are 
statistically significant at p<0.05.
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Average body weight of rats in the control and  
treatment groups

 The percentage weight gain was significant 
(p<0.05) and the highest (13%) was seen in rats treat-
ed with 500mg/kg/body weight of methanolic extract 
of TECOSE when compared to the metformin (9%) 
and insulin (7%) treatment groups. There was signi- 
ficant (p<0.05) weight loss in untreated diabetic rats  
(Table 3).

Average blood glucose of rats in the control and 
treatment groups

 At the end of the second week of treatment, 
there was a significant (p<0.05) decrease in the blood 
glucose levels following the treatment with the Tetra-
carpidium conophorum seed extract, metformin and in-
sulin. The percentage reduction in blood glucose levels 
 was highest (41 %) in rats treated with 500mg/kg/
body weight of methanol extract of TECOSE, followed 

by insulin (36%) and metformin (34%), respectively  
(Table 4).

Thiobarbituric acid reactive substances, reduced 
glutathione levels and superoxide dismutase  
activity in the control and treatment groups

 Figures 1-3 showed the degree of lipid pe- 
roxidation (using TBARS), GSH levels and SOD  
activity in the brain, liverand heart tissues in con-
trol and treatment groups. TBARS concentra- 
tion was significantly (p <0.05 higher in all tissues of 
untreated diabetic rats relative to control and the treat-
ment groups. There was no significant (p>0.05) differ-
ence in the levels of GSH in the liver and heart in all 
treatment groups. The level of GSH in the brain was 
significantly (p<0.05) reduced in untreated diabetic rats 
but was significantly (p<0.05) increased in rats treated 
with extracts and metformin. SOD activity was signifi-
cantly (p <0.05) higher in all tissues of untreated diabet-
ic rats relative to control and the treatment groups. 

Figure 1: Thiobarbituric acid reactive substances concentration (pmolMDA/mg protein) in the brain, liver and heart. Val-
ues are expressed as mean ± S.D (n=5). Means of bars of the same legend with different Tukey superscripts are statistically  
significant at p<0.05.

Figure 2: Reduced glutathione concentration (µg/ml) in the control and treatment groups. Values are expressed as mean ± S.D 
(n=5). Means of bars of the same legend with different Tukey superscripts are statistically significant at p<0.05.
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Figure 3: Superoxide dismutase activity (nmol/mg protein) in the brain, liver and heart. Values are expressed as mean ± S.D 
(n=5). Means of bars of the same legend with different Tukey superscripts are statistically significant at p<0.05.

Figure 4: Percentage of DNA fragmentation in the control and treatment groups. Values are expressed as mean ± S.D (n=5). 
Tukey superscripts a, b, and c are significance homogenous subsets of means within groups bars with different Tukey super-
scripts and are statistically significant at p<0.05.

Figure 5: Liver function indices in the control and treatment groups. Values are expressed as mean ± S.D (n=5). Tukey super-
scripts a, b, ab and c are significance homogenous subsets of means within groups. Bars of the same legend with different 
Tukey superscripts are statistically significant at p<0.05. 
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Percentage of DNA fragmentation in the control 
and treatment groups

 The percentage of DNA fragmentation was sig-
nificantly (p<0.05) increased in untreated diabetic rats 
relative to control and the treatment groups (Figure 4).

Liver function indices in the control and treatment 
groups

 The serum activities of alanine transaminase 
(ALT), aspartate transaminase (AST), and gamma-glu-
tamyl transaminase (GGT) were significantly (p<0.05) 
higher in the untreated diabetic group. At the same 
time, the levels were near normal in other treatment 
groups (Figure 5).

Histomorphological studies of the liver and  
pancreas in the control and treatment groups

 The plate of hepatic cells from the untreated 
diabetic group relative to control group and other treat-

ments was characterized by loss of liver parenchyma, 
disorganization, cell death, dilation of the central vein, 
severe hemorrhage and presence of inflammatory red 
cells within and around the central vein with sinusoids 
(red arrows) (Figure 6A). There were also variations in 
the sizes and shapes of the hepatic nuclei, poor staining 
intensity, as demonstrated by PAS stain (red arrows) 
(Figure 6B). The plate of hepatic cells from the TECOSE 
treatment group showed similar morphological orga-
nization to the control group 
 Figure 7 showed the panoramic views of the 
pancreas micromorphology of control and treatment 
groups. Pancreatic parenchyma (PP) showed mild infil-
tration of inflammatory cells. Red cells with normal se-
rous acinar and zymogenic cells containing abundant 
eosinophilic cytoplasm with degenerative changes 
occurring in the islet of Langerhans (IL) marked with 
the loss of islet cells and distorted pancreatic acinar 
cells are seen in the diabetic control group (red arrows) 
(Figure 7A). The normal control group showed intact 
cytoarchitecture with intact IL, PP, and blood vessels 
(Bv). The rats treated with insulin and metformin 

Figure 6: Photomicrographs of liver micromorphology panoramas across the study groups. The plates showed the hepatic duct 
(HD), portal triad (PT) composed of the hepatic vein (HV) and artery (HA) as well as the bile duct (BD), and well-distributed 
hepatocytes (H). General histoarchitecture distortion is obvious in the diabetes mellitus plate. Stains: Hematoxylin and Eosin 
stain (6A) and Periodic Acid Schiff (6B). Scale bar: 50um. 
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showed mild insignificant pancreatic degenerative 
changes, while the TECOSE treatment group showed 
a similar observable presentation to the control group 
(Figure 7B).

Discussion 

 This study was conducted in order to inves-
tigate the possible protective potentials of TECOSE 
against diabetic liver damage in a streptozotocin-in-
duced diabetes rat model. The beneficial therapeu-
tic effects of many plant extracts have been linked to 
their phytochemical compositions and bioactive com-
pounds. In this study, we found the presence of alka-
loids, flavonoids, terpenoids, cardiac glycosides and 
steroids in TECOSE. Alkaloids have both antibacterial 
and anti-fungal properties and have been used in the 
preparation of some drugs [22]. Flavonoids have many 
protective effects, including anti-inflammatory, anti-
oxidant, anti-viral, and anti-fungal properties [22]. 
 Flavonoids are well known for their health 

benefits. Still, they may also have adverse effects, such 
as antinutritional effects, namely reduced intake of 
glucose, slower absorption of glucose and, therefore, 
protection against diabetes mellitus [23]. Cardiac gly-
cosides are phosphodiesterase inhibitors and direct 
adenylate cyclase stimulants. Alkaloids present in the 
seeds of T. conophorum are responsible for the bitter 
taste noticed when one drinks water after eating the 
nut [24]. The blood-glucose-lowering effect of the study 
plant could be a result of the presence of phytochem-
icals like flavonoids, alkaloids, cardiac glycosides and 
steroids. Many compounds isolated from plant sourc-
es with these organic compounds have been reported 
to show antidiabetic activity [25, 26]. Besides, TECOSE 
significantly reduced the power activity and total anti-
oxidant capacity in this study. 
 A significant reduction in the body weight of 
rats following induction with streptozotocin (STZ) was 
also noted in previous studies [27-29]. However, the 
mechanism of weight loss in streptozotocin-induced 
diabetes is unclear. A study suggested that hypophagia 
associated with STZ administration and the inability 

Figure 7: Photomicrographs of pancreatic micromorphology panoramas in the control and treatment groups. The plates 
showed the islets of Langerhans (IL) containing alpha, beta, delta and pancreatic polypeptide cells, an interlobular duct (ID), 
pancreatic parenchyma and blood vessels. Stains: Hematoxylin and Eosin stain (7A) and Periodic Acid Schiff (7B). Scale bar: 
50um.
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of the affected animals to metabolize the carbohydrate 
fuel leads to a shift in reliance on fatty acid fuels, wast-
ing of fat stores, and loss of weight [27]. TECOSE, met-
formin, and insulin administration significantly in-
creased the weight of diabetic rats in the present study. 
Improved insulin sensitivity and lower blood glucose 
levels via the promotion of peripheral glucose uptake 
have been postulated as a possible mechanism respon-
sible for gaining weight in diabetes [30].  
 Treatment of rats with STZ causes a signifi-
cant increase in blood glucose levels by destroying pan-
creatic beta-cells [31]. TECOSE (500 mg/kg body weight) 
significantly (P<0.05) reduced blood sugar levels as ef-
fective as reference drugs, metformin, and insulin. The 
possible mode of action responsible for the antidiabetic 
effect and other therapeutic benefits attributed to Tet-
racarpidium conophorum and many other medicinal 
plants is missing in the literature [32], and this should 
be a subject of concern for future research.
 The oxidative stress induced by hyperglycemia 
is the main pathway for the development of pathologi-
cal changes in the affected organs [33, 34]. A significant 
increase in the levels of TBARS in the liver, heart and 
brain of untreated diabetic rats in this study supports 
previous studies that showed that diabetes mellitus 
generates free radicals that damage biomolecules like 
lipids, proteins, DNA and others [35, 36]. TBARS formed 
from lipid peroxidation is a critical biomarker of oxida-
tive stress in hyperglycaemic conditions. TECOSE (500 
mg/kg/body weight), insulin and metformin signifi-
cantly reduced the levels of TBARS in all the three or-
gans assessed in this study. In this study, reducing power 
and antioxidant properties exhibited by a crude metha-
nol extract and fractions of TECOSE were responsible 
for inhibiting free radical toxicity generated by STZ 
administration propagation by significantly increasing 
SOD activity and decreasing GSH levels. SOD provides 
first-line defense against reactive oxygen species (ROS) 
that mediate cell injury. It is an enzyme responsible for 
the breakdown of the superoxide anion into oxygen and 
hydrogen peroxide [37, 38]. GSH is an intracellular re-
ductant in the reduction of hydrogen peroxide to water 
by the glutathione peroxidase enzyme [39].  
 A significant increase in the percentage of 
fragmented DNA in this study following STZ adminis-
tration is in accordance with previous studies [40-42]. 
DNA damage associated with diabetes mellitus and 
its complications happens mainly through oxidative 
stress [43]. The glycemic control potentials of TECOSE, 

metformin, and insulin mitigated ROS generation, 
which might have been responsible for the significant 
reduction in the percentage of DNA fragmentation.
 Previous research has found elevated serum 
AST, ALT, and GGT levels following the induction of 
diabetes with STZ as well [44]. Elevated serum levels of 
ALT, AST, and GGT are markers of liver injury from in-
duced oxidative stress [3]. Administration of TECOSE, 
metformin, and insulin significantly reduced the se-
rum levels of these markers by mitigating the genera-
tion of ROS, as previously mentioned.
 The histomorphological study of hepatic cells 
from the untreated diabetic group was characterized by 
loss of liver parenchyma, disorganization, cell death, 
dilation of the central vein, severe hemorrhage, and the 
presence of inflammatory red cells within and around 
the central vein with sinusoids. The histomorphological 
study of pancreatic parenchyma showed mild infiltra-
tion of inflammatory cells. Red cells with normal serous 
acinar and zymogenic cells containing abundant eosino-
philic cytoplasm with degenerative changes occurring in 
the islet of Langerhans marked with the loss of islet cells 
as well as distorted pancreatic acinar cells are seen in the 
diabetic control group. Treatments with metformin and 
insulin showed mild insignificant histomorphological 
distortions. However, the administration of TECOSE 
significantly improved the general histoarchitecture of 
the liver and pancreas relative to the control group.

Conclusions 

 The results obtained in this study concluded 
that Tetracarpidium conophorum seeds have the po-
tential to protect against liver damage associated with 
diabetes mellitus since it improves glycemic control and 
mitigates the generation of reactive oxygen species in 
hyperglycemic states.
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Introduction

 The severity of diabetes mellitus (DM) is deter-
mined not only by its widespread but also by the rapid 
development of the complications that cause disability 
and mortality [1]. Both types of DM worsen the condi-
tion of both the coronary arteries and myocardium due 
to the development of diabetes-specific microangiop-
athy, macroangiopathy, metabolic disorders, and dia-
betic autonomic neuropathy [2]. Type 1 diabetes occu-

pies only 10-15% in the morbidity structure; its danger 
and social importance, above all, lies in the affliction 
of young people [3]. Among the severe complications 
of type 1 diabetes, an important place is the impaired 
functioning of the heart and blood vessels, which un-
derlies the development of diabetic cardiomyopathy, 
the pathogenesis of which also includes an imbalance 
in the neurohumoral regulation [2, 4, 5]. Among such 
patients, myocardial infarction and stroke are diag-
nosed 3-5 times and 2-3 times more often, respectively, 
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Abstract
Introduction: Diabetic cardiomyopathy is common in patients with labile type I diabetes, with a tendency to ketoacidosis, 
reduced body weight, and affection of small blood vessels. This research aimed to determine the nature of the reaction of 
the autonomic nervous system and changes of biometrical indices in experimental diabetes type 1 and under the influence 
of different forms of quercetin. Material and Methods: White outbred mature male rats were used in the experiments. For 
diabetes type 1 modeling, a single intraperitoneal streptozotocin injection (50 mg/kg) was used. In 14 days after the injection, 
animals were divided into three groups: animals with diabetes without treatment; rats that were injected with a water-soluble 
form of quercetin; rats that were injected with the liposomal form of the bioflavonoid. Bodyweight, heart weight, heart mass 
ratio, tolerance of animals to physical activity (swimming test), and glucose level in the blood were defined. The state of the 
autonomic nervous system was estimated according to the indices of cardiointervalography. Results: Quercetin preparations 
at experimental diabetes type I contributed to the improvement of the mass measurement parameters and functional state of 
the autonomic regulation of heart activity, causing normalization of the majority of its indices and, as a result, increased the 
tolerance of animals to physical activity (duration of swimming). Under the influence of the preparations, vagal influence on 
the heart has been progressively reduced, and the restoration of balance between the tonus of sympathetic and parasympa-
thetic divisions of the autonomic nervous system and centralization of control of heart rhythm were observed. It is important 
to mention that for most biometrical indices and indices of heart rhythm variability, the activity of the liposomal form of quer-
cetin was more pronounced than its water-soluble form. It is possible that this effect was due to liposomes. Conclusion: The 
liposomal form of quercetin exhibited higher activity against most biometric and heartbeat rate indicators.  

Keywords: diabetes, heart, autonomous nervous system, quercetin.
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compared to the population of the same age [1]. Accord-
ing to the literature, at the initial stages of the patholo-
gy, there is an increase in sympathetic influence on the 
background of lesions of the vagus nerve. In conditions 
of severe diabetes, both cholinergic and adrenergic 
regulatory processes are attenuated, leading to heart 
failure [3, 4, 5]. These pathophysiological disorders of 
cardiac activity progress, and contribute to the devel-
opment of autonomic neuropathy of the heart, and lat-
er, myocardial infarction [1]. 
 Recently, an active search for new substances 
and the improvement of bioavailability of existing ones 
in the fight against this disease is underway [6]. Given 
the role of free radicals in the development of various 
pathological processes in diabetes, antioxidants such as 
plant phenols, capable of counteracting toxic effects on 
cells, are relevant and occupy a significant niche.
 Recently, taking into account the role of free 
radicals in the development of various pathological 
processes, there is an active search for new substances 
among plant phenols that can counteract their toxic ef-
fects on cells. Because of this, the use of agents having 
polytropic pharmacological properties is considered 
promising.
 Such substances include polyphenols, includ-
ing quercetin, which is highly effective in treating car-
diovascular pathologies, particularly acute disorders of 
the coronary circulation and myocardial infarction, and 
the complex therapy of chronic heart failure [7, 8]. On 
this basis, it was logical to investigate the role of quer-
cetin in changes in the parameters of autonomic regula-
tion of cardiac activity in experimental type 1 DM.
 Our study aimed to determine the nature of 
the response of the autonomic nervous system and the 
changes in biometric indicators of the cardiac activity 
in experimental type 1 diabetes, using the water-solu-
ble and liposomal forms of quercetin.
 

Material and Methods 

 The experiments were performed on 64 white 
Wistar male rats weighing 120-150 g, which were divid-
ed into four groups: I – control (intact); II, III, IV – rats 
with type 1 diabetes, which was reproduced by a single 
intraperitoneal injection of 50 mg/kg streptozotocin 
(STZ), (“Sigma-Aldrich”, USA) on a 0.1 molar citrate 
buffer (pH 4,5) [9]. Rats of groups III and IV were ad-
ministered intraperitoneally a water-soluble prepara-

tion of quercetin (WQ), (Corvitin) and the liposomal 
form of quercetin (LQ), (Lipoflavon), respectively, at a 
dose of 10 mg/kg in terms of the active substance. The 
drugs’ administration began two weeks after the start 
of type 1 DM modeling and was carried out within 14 
days [10]. Animal euthanasia involved performing a 
state of deep anesthesia (thiopental sodium, 50 mg/kg). 
The studies were carried out following the national 
and international recommendations for the protection 
of animals used for experimental and other scientific 
purposes (Strasbourg, 1986; Law of Ukraine, No. 3447-
IV, 2006) and in accordance with the requirements of 
the Bioethics Commission of I. Horbachevsky Ternopil 
National Medical University (Protocol No. 29, May 20, 
2015).
 Modeling type 1 DM was confirmed by deter-
mining the concentration of glucose in the blood using 
a standard set, LLC “Filisit diagnostika”, Ukraine. Sub-
sequently, the animals in which glucose levels were not 
lower than 10.8 mmol/L 14 days after the STZ injection 
were used [10]. HbA1C levels in red blood cells were de-
termined using a standard reagent kit (JSC “Reagent”).
 The role of the autonomic nervous system in 
cardiac activity was assessed by cardiointervalography 
(CIG). Mathematical analysis of heart rate variability 
allows determining the functional state and correla-
tion of the influence of the adrenergic and cholinergic 
units of the autonomic nervous system on the work of 
the sinoatrial node [11, 12]. An electrocardiogram was 
recorded in the ІІ standard lead and analyzed with the 
help of the Cardiolab-CE computer complex, the dura-
tion of 1000 sequentially located R-R cardio intervals 
with precision to 0.001 seconds. The following parame-
ters were evaluated:
• heartbeat rate (HBR, min-1); 
• mode (Мо, sec) – the duration of the R-R interval, 
which is most commonly found on the electrocardio-
gram segment under study; 
• the amplitude of mode duration (АМо, %) – the ratio 
of the number of cardio intervals that correspond to 
the total number of cardio intervals analyzed (1000); 
• the variation range of cardio intervals (∆Х, sec.) – the 
difference between the highest and lowest R-R dura-
tion in a sample; 
• index of tension (IT), reflects the degree of centrali- 
zation of heart rate management and is determined by 
the formula: ІT =АМо/(2·∆Х·Мо);
• vegetative equilibrium index (VEI = АМо/∆Х, conv. un) 
• characterizes the relationship between the activity 
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of the sympathetic and parasympathetic units of the 
autonomic nervous system;
• regulatory processes adequacy indicator (RPAI = 
АМо/Мо, conv. un) – reflects the correspondence be-
tween the activity of the sympathetic nervous system 
and the level of functioning of the sinoatrial node;
• vegetative rhythm indicator (VRI, 103) – assesses  
the activity of the autonomous circuit of regulation, 
namely the participation of parasympathetic influences 
in changes of the heart rhythm.
 The weight of the animals was determined 
by weighing in accordance with the standard operat-
ing procedure (“Weighing Animals”), before morning 
feeding, always at the same time.
 The animals’ heart weight was determined by 
weighing on torsion scales and calculating the mass ra-
tio of the heart (MRH) by the formula:
MRH (%) = (Мheart/Мanimal)*100
 The level of physical endurance of rats was de-
termined using a swimming test [13].
 Statistical processing of the results was per-
formed using Student’s t-test. In cases where the 
sample distribution was different from normal, the 
non-parametric Mann – Whitney test was additionally 
used. The difference between the studied parameters 
was considered statistically significant at p≤0.05.

Results and Discussion

 As the results show, at the end of the observa-
tion period, the mean serum glucose level in animals 
with type 1 diabetes increased from (5.09 ± 0.21) to 
(17.96 ± 0.79) mmol/L (p < 0.001) and was higher than 
the corresponding control group by 253%. At the same 
time, the content of glycosylated hemoglobin (HbA1C) 
increased from (5.27 ± 0.63) to (10.43 ± 0.34)%, by 98% (p 
< 0.001) (Figure 1).
 Hyperglycemia in diabetes is the trigger mech-
anism for the activation of various processes that lead 
to oxidative stress, endothelial dysfunction, the devel-
opment of atherosclerotic changes, and is a significant 
risk factor for macro- and microvascular complications 
[4]. In addition, there is a linear relationship between 
hyperglycemia and manifestations of vascular inflam-
mation [14]. With a high affinity for oxygen, HbA1C 
causes a slowdown in oxygen uptake, resulting in pe-
ripheral tissue hypoxia and metabolic disorders [4]. 
 During the experiment, it was found that an-
imals with DM had slowed weight gain by 16% relative 

to the control group. Such changes are characteristic 
of type 1 diabetes and are considered a response to the 
insulin deficiency condition [4, 15] due to the activation 
of lipolysis with reduced insulin levels.
 In parallel, the cardiac mass increased by 26% 
and MRH by 56%, which may indicate the presence of 
myocardial hypertrophy in diabetes [6] and the pro-
gression of the hypoxic state [4]. In this series, 20% of 
animals have died during the experiment, which is also 
characteristic of this experimental model [15]. Exercise 
tolerance of type 1 DM was reduced by 79% compared to 
the control group.

 The pathology development was accompanied 
by a violation of the functional state of autonomic reg-
ulation of cardiac activity, as indicated by significant 
changes in CIG indicators (Table 2). In animals with 
type 1 DM, there was a shift in the vegetative balance. 
Thirty days after the onset of type 1 diabetes, the HBR 
in animals decreased by 22% against a background of 
aMo growth of 42%, a decrease in AMo by 25%, an in-
crease in their ∆Х index by 48% and, as a consequence, 
a decrease in IT by 36%. These changes testify the man-
ifestation of the stress syndrome of regulatory systems, 
which are confirmed by significant changes in the au-
tonomic balance, namely a decrease in control of the 
heart rhythm by the sympathetic and an increase by 
the parasympathetic level of the autonomic nervous 
system. The data obtained do not contradict the known 
facts of autonomic dysregulation detected in type 1 ex-
perimental diabetes mellitus [11, 12].
 The decline in IT and bradycardia refer to a de-
pletion of reserves and a failure of adaptation, which is a 

Figure 1: Changes in glucose and glycosylated hemoglobin 
levels in type 1 diabetes mellitus and after Corvitin and Lipo-
flavone administration.
Notes: * is significant in comparison with the markers of con-
trol animals; 
# is significant between type 1 DM;
** is significant between the 1 DM and WQ groups.
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poor prognostic factor [12]. A decrease in HBR in STZ-in-
duced diabetes was also reported in other studies [16]. 
 A significant decrease in indicators such as VRI 
by 26%, VEI by 15%, IT by 36% and RPAI by 36%, com-
pared with control, indicates a decrease in the activity 
of the humoral adrenergic link and increase the activity 
of the autonomous loop of regulation. The adequacy of 
regulatory processes in the conditions of type 1 diabetes 
has decreased significantly, reflecting the reduced de-
gree of compensatory adaptive regulation processes.
 The cause of impaired autonomic regulation 
of cardiac activity may be apoptosis of neurocytes. Lit-
erature has shown that many products of radical-de-
pendent reactions can induce apoptosis of neurons 
[4]. Cytomorphological methods revealed apoptotic 
destruction of cultured in vitro neurocytes because of 
hypoxic effects, glutamate-induced ischemia, oxidative 
stress, or donor nitric oxide (NO) [4].
 In the groups of animals with diabetes, where 
a correction with Corvitin and Lipoflavon was per-
formed, marked improvements in glucose and glyco-
sylated hemoglobin blood levels were noted (reliability 
of differences with the group of animals with diabetes 
accounted for all cases < 0.05). In particular, under the 
influence of Corvitin, the glucose level in the blood se-

rum decreased by 51% (from (17.96 ± 0.79) to (8.72 ± 0.82) 
mmol/L), and glycosylated hemoglobin by 29% (from 
(10.43 ± 0.34) to (7.39 ± 0.12 %). When using Lipoflavon, 
glucose levels decreased by 63% (from (17.96 ± 0.79) to 
(6.70± 0.59) mmol/L) and HbA1C by 41% (from (10.43 ± 
0.34 ) to (6.14 ± 0.23) %), compared with the group of 
animals with diabetes that did not receive correction 
drugs. Lipoflavon significantly reduced glucose by 23% 
and glycosylated hemoglobin by 17% compared to Cor-
vitin (Figure 1).
 On the other hand, numerous studies suggest 
that the use of antioxidants, in particular quercetin, 
limits the incidence of cardiovascular diseases and 
their constant satellite - atherosclerosis [17]. It is known 
that the maximum antioxidant effect of quercetin 
manifests itself after 14 days [18]. In the WQ correction 
group, an increase of 5% in the body weight of experi-
mental animals with DM was observed. The liposomal 
form of quercetin contributed to a 14% increase in body 
weight over the same study period. 
 At the same time, the water-soluble form of 
quercetin had no effect on the cardiac mass and MRH 
but increased the animal’s exercise tolerance (swim-
ming duration) by 169%. In the group of animals with 
type 1 diabetes, in which the LQ correction was per-

Table 1: Influence of WQ and LQ on the indices of mathematical analysis of the heart rhythm in experimental type 1 DM (М±m).

Note: р is significant in comparison with the markers of control animals, р1 – is significant in comparison with the markers of 
type 1 DM, р2 – is significant in comparison with the markers of type 1 DM + WQ

Experimental group

Type1 DM
(n=6)

156.33±1.54
р<0.001

0.97±0.04
р<0.05

0.64±0.03
р<0.01

44.63±6.42
р<0.01

Type 1 DM
+ WQ (n=9)

164.56±3.07
р<0.01

р1<0.001

0.96±0.04
р<0.05

р1>0.05

0.57±0.02
р<0.05

р1>0.05

119.98±18.02
р<0.001

р1<0.001

Index

Weight  
of the animal, g

Weight of the 
heart, g

MRH

Duration  
of swimming, 

seconds

Control group 
(n=7)

187.00±4.47

0.77±0.08

0.41±0.05

210.09 ±14.40

Type 1 DM
+ LQ (n=10)

177.90±5.83
р>0.05

р1<0.001
р2<0.05

0.94±0.08
р<0.05

р1>0.05
р2>0.05

0.50±0.04
р>0.05

р1<0.05
р2<0.05

128.40±12.10
р<0.01

р1<0.001
р2>0.05
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formed, the average swimming duration increased 
by 188% against the decrease in MRH by 22% with un-
changed heart weight.
 After comparing the activity of water-soluble 
and liposomal forms of quercetin, it was found that LQ 
significantly changed body weight (by 8%) and MRH 
(by 12%) compared to WQ. Moreover, under the influ-
ence of LQ, these two indicators have normalized. Indi-
cators of heart weight and mean swimming time of ani-
mals did not differ significantly when using both drugs 
(Table 1). It is known that Quercetin has the ability to 

increase adaptation to hypoxia, which is necessary for 
ischemic heart damage; probably, due to this property, 
quercetin preparations increased the tolerance of an-
imals to exercise. In the group of animals with type 1 
DM, which underwent WQ correction, the following 
changes in CIG were observed: reduction of Mo by 24 
% and ∆Х  by 27%, and growth of AMo by 23%, HBR by 
18%, IT by 31% and RPAI by 36% at unchanged VEI and 
VRI levels. Moreover, under the influence of the wa-
ter-soluble form of quercetin, the normalization of Мо, 
АМо, ∆Х, ІT and RPAI indicators occurred (Table 2). 

Note: р is significant in comparison with the markers of control animals, р1 – is significant in comparison with the markers of 
type 1 DM, р2 – is significant in comparison with the markers of type 1 DM + WQ.

Experimental group

Type1 DM
(n=6)

0.17±0.02
р<0.01

39.00±2.67
р<0.05

5.50±0.34
р<0.05

402.67±29.19
р<0.01

39960.33±3762.74
р<0.05

12.43±0.99
р<0.05

1.81±0.19
р<0.05

0.28±0.04
р<0.01

Type 1 DM
+ WQ (n=9)

0.13±0.003
р>0.05
р1<0.01

47.78±2.05
р>0.05
р1<0.05

4.00±0.50
р>0.05
р1<0.05

474.56±9.48
р<0.05
р1<0.01

52526.78±
3083.59
р>0.05
р1<0.05

13.41±1.80
р<0.05
р1>0.05

2.15±0.19
р<0.05
р1>0.05

0.38±0.03
р>0.05
р<0.05

Index

Мо, sec

Амо, %

∆Х, 103 sec

HBR, min-1

ІT

VEI, conv. un.

VRI, 103

RPAI, conv. un.

Control group 
(n=7)

0.12±0.003

51.86±3.67

3.71±0.42

514.71±11.97

62569.57±5885.64

14.62±0.56

2.44±0.22

0.44±0.03

Type 1 DM
+ LQ (n=10)

0.12±0.001
р>0.05

р1<0.001
р2>0.05

47.50±2.01
р>0.05
р1<0.05
р2>0.05

3.80±0.20
р>0.05

р1<0.001
р2>0.05

486.40±4.98
р<0.05

р1<0.001
р2>0.05

63603.00±
1898.07
р>0.05

р1<0.001
р2<0.05

14.70±0.57
р>0.05
р1<0.05
р2<0.05

2.43±0.10
р>0.05
р1<0.05
р2<0.05

0.38±0.02
р>0.05
р1<0.05
р2>0.05

Table 2: Influence of WQ and LQ on the mass measurement indices and tolerance to physical activity in experimental type I DM (М±m).
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 In the group of animals with type 1 diabetes, in 
which the LQ correction was performed, the following 
changes in the cardiogram were observed: a decrease in 
Mo by 29% and ∆Х by 31%, an increase in AMo by 22%, 
HBR by 21%, IT by 59%, VEI 18%, VRI 34%, RPAI by 36%. 
Moreover, when using the liposomal form of quer-
cetin, indices such as Mo, AMo, ∆Х, IT, VEI, VRI, and 
RPAI did not differ much from similar values found in 
the control group.
 When comparing the indicators in both groups 
receiving correction drugs, we noted that the activity 
of LQ outperformed WQ in terms of IT (21%), VEI (10%), 
and VRI (13%).
 The increase of the ∆Х indicator in both cases 
of correction testifies the strengthening of self-regu-
lation mechanisms and a good flow of compensation 
[11]. In addition to quercetin, lyophilized LQ powder 
also includes lecithin, the presence of which further 
gives membrane-protective, anti-inflammatory, and 
antioxidant properties [10, 14]. Due to the presence of 
liposomes as carriers of the active substance of drugs, 
LQ retains a more stable and long-lasting effect com-
pared to WQ, which is explained by the property of the 
liposomes themselves to act as a depot of the drug and 
to protect the active substances from destruction. In 
liposomal forms, the active substance is released grad-
ually over a long time due to the hydrophilic surface 
of the liposomes and can be stored in the bloodstream 
for about two days. In our view, these pharmacokinetic 
and pharmacodynamics features of the liposomal form 
of quercetin contributed to its higher cardioprotective 
activity in type 1 diabetes mellitus compared to the wa-
ter-soluble form of this flavonoid.

Conclusions 

 Preparations of quercetin in experimental 
type 1 diabetes contributed to the improvement of the 
mass measurement parameters and the functional 
state of autonomic regulation of cardiac activity, caus-
ing normalization of most indicators of the latter, and, 
consequently, increasing the tolerance of animals to 
exercise. Under the influence of drugs, the vagal in-
fluence on the heart progressively decreased and the 
correlation between the tone of the sympathetic and 
parasympathetic parts of the autonomic nervous sys-
tem and the heart rhythm management centralization 
occurred. The liposomal form of quercetin exhibited 

higher activity against most biometric and HBR indi-
cators.
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Introduction

Sars-Cov-2 infection

 The COVID-19 infection, a new type 2 coro-
navirus, started its activity in China in late 2019 and 
has spread worldwide in a few months. At the time of 
writing this report, about 9.7 million infection cases, 
and 493.000 deaths were confirmed in more than 250 
countries [1]. COVID-19 infection has a few stages with 
increasing gravity: the first is a mild asymptomatic 
form, while the second and third are characterized by 
a hyperactive inflammatory state and are serious stag-
es that can lead to the person’s death. The storm of cy-
tokines that is generated quickly creates severe lung 
lesions with breathing difficulties and a generalized 
fibrotic state. Patients with chronic conditions such 
as diabetes are at risk of becoming more infected with 
further associated complications that make clinical 
management difficult. Drug treatment is based on on-
going antidiabetic treatments and the combination of 
anti-COVID-19 drugs. To date, the only direct antiviral 
being approved is Remdesivir [2].

Clinical management of the positive Covid-19  
diabetic patient

 Constant blood glucose monitoring is a crucial 
aspect to follow during an ongoing positive COVID-19 
infection. All current guidelines recommend continu-
ing the intake of antidiabetic therapies because there 
is no evidence that drugs used to fight diabetes can 
increase the risk of infection. Even after COVID-19 in-
fection, glycemic control and continuation of standard 
ongoing therapies must be continued. However, this 
must be accompanied by the possibility that an infect-
ed patient needs to change the therapeutic dosage until 
it is even suspended in cases of critical states. Each case 
should be carefully evaluated, and individual therapy is 
the best solution by evaluating the contiguous clinical 
conditions. The normalization of blood glucose must 
always be kept in mind as a fundamental aspect not to 
be lost sight of to avoid hypoglycemia/hyperglycemia 
phenomena, as well as possible interactions between 
antidiabetic and anti-infective drugs. If diabetic ther-
apy is not carefully monitored, the possible COVID-19 
infection can generate severe complications.
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The COVID-19 virus is one of the most significant challenges of humanity and is causing thousands of deaths worldwide. Drugs 
active against the virus are being developed and tested, but it appears that lung lesions are the lethal ones that lead to the 
patient’s death. The experimentation of new drugs has led to a few positive results, but an effective vaccine will soon become 
available, as the virus is further studied. People with chronic conditions, such as diabetes, are critically ill, and ongoing thera-
pies can lead to management difficulties with many subsequent clinical complications in the pandemic period. Glycemic con-
trol and appropriate measures for a diabetic patient are key priorities, especially in patients that tested positive for COVID-19. 
This article describes the current evidence in the literature regarding the risks of the possible administration of antidiabetic 
drugs in the COVID-19 patient, as well as analyzing the blood glucose data and its homeostasis, which are fundamental data to 
combat a viral infection.

Keywords: COVID-19, inflammatory, diabetes, hyperglycemia, immunomodulators, Sars-Cov-2.



Vitiello A, Ferrara F. Anti-Diabetic Therapy in Covid-19

https://doi.org/10.46389/rjd-2020-1024 © 2020 The Authors154

 Metformin is the drug most used in diabetic 
patients and is excreted by the kidneys. For this rea-
son, in the event of an ongoing infection, kidney in-
jury could lead to metabolic acidosis, typical in the 
case of this drug if its plasma concentration increases 
[3]. The most commonly used antivirals for COVID-19 
are inhibitory drugs of the organic cation transport-
er (OCT), and metformin, which is its substrate, and 
these could produce a reduction in metabolization with 
consequent lactic acidosis. People with a severe hemo-
dynamic situation should discontinue glucagon-like 
peptide-1 (GLP-1)drugs because they can lead to renal 
and gastrointestinal dysfunction with delays in gas-
tric emptying and malabsorption of antivirals such as 
remdesivir and darunavir used to combat COVID-19 [4]. 
Besides, GLP-1 drugs lead to diarrhea with electrolyte 
loss and increased risk of arrhythmias in an infected 
patient.
 Dipeptidyl peptidase-4 (DPP4) inhibitors are 
safe drugs for the kidney and give a little risk of hy-
poglycemia and should, therefore, be the most widely 
used drugs in the case of a positive COVID-19 infection 
in progress [5]. The use of sodium-glucose cotrans-
porter-2 (SGLT-2) inhibitors leads to a very high risk 
of diabetic ketoacidosis in the case of infection [6]. The 
patients who have high quantities of ketone bodies 
and renal dysfunction should discontinue the SGLT-
2 treatment. Infected patients taking sulphonylurea 
class drugs should consider new insulin therapy to 
avoid the risk of elevated hypoglycemia in patients 
with COVID-19 infection. Chloroquine, one of the an-
tiviral drugs used against Covid-19, can also lead to a 
high risk of hypoglycemia, and this can cause severe 
complications. Obviously, this aspect is exacerbated if 
the considered patient also has renal complications [7]. 
The use of thiazolidinediones leads to the risk of water 
retention with edema in a hemodynamically unstable 
patient.
 On the one hand, the use of antidiabetic drugs 
has led to an increased risk of infection and complica-
tions due to COVID-19 infection; on the other hand, 
there is also evidence of the usefulness of these thera-
pies in case of infection. This is because it is now known 
that the most severe phase of infection is characterized 
by an uncontrolled hyperinflammatory phase with fa-
tal lung lesions. The use of metformin has proven to be 
useful in reducing all the proinflammatory factors that 
characterize the COVID-19 infection, even if it is not 
clear what the mechanism of action of this phenome-
non is [8, 9].

 Also, DPP4 inhibitor drugs are studied in posi-
tive COVID-19 patients because DPP4 protein is present 
in alveolar cells, epithelial and inflammatory cells. The 
Middle East respiratory syndrome coronavirus (MERS-
CoV) penetrates host cells using DPP4 [10]. However, 
it is not known if COVID-19 does the same upstream 
of the process that leads to the exploitation of the An-
giotensin-converting enzyme 2 (ACE-2). If this is true, 
then the use of DPP4 inhibitors increases the risk of 
COVID-19 infection, but as for now, there are still no 
clinical data supporting this thesis [11]. The reduc-
tion of inflammatory markers is also known for GLP-
1 drugs, and they have shown benefits in the presence 
of lung injury [12]. Some clinical data are beginning to 
demonstrate the truth of these hypotheses but at the 
moment, the state of the art regarding these issues is 
still in an embryonic phase.

Conclusions

 The COVID-19 pandemic is generating deaths 
and infections worldwide, and drugs to counter its ad-
vance have been developing in recent months but with-
out significant clinical results. The diabetic patient 
with an ongoing infection is a complex patient who re-
quires careful clinical management since the risks are 
very high. Moreover, antidiabetic therapy cannot be 
suspended, and glycemic normalization must always 
be sought clinically. For a variety of circumstances, 
antidiabetic drugs represent an additional danger with 
severe complications if there is no careful clinical mon-
itoring. However, there are few drugs that could have 
a certain positive activity in case of infection but cur-
rently there are no reliable data that prove the benefits 
of these therapies.
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Introduction

 Studies on the influence of trace elements on 
harmfulness as well as oncogenesis initiated by nu-
merous elements ensured to create increasing proof 
in the role of micronutrient consumption as well as 
decline in ill effects of heavy metals . Its ensured that 
we have gone through the collected works concerning 
this matter; conversely, limited work rightly inspected 
the influence of nutritional insufficiency on heavy ele-
ment poisoning. Generally, the influence of nutritional 
concentration should be gathered from the outcomes 
of research done to recognize physiology or how cell re-

sponds, or pathogenesis of a condition, or interface or 
interaction taking place in living cells.
 The present review scrutinizes the influence of 
micronutrients on the harmfulness of a heavy element 
like lead. The interactions of trace elements are divided 
into three sections. The first category considers the inter-
action among important trace elements as well as a heavy 
element like Pb in the process of intake, attachment, as 
well as elimination. The second category considers the 
interaction of trace elements during the breakdown and 
absorption of heavy elements like lead. The last category 
deals with the role of trace elements in decreasing the ad-
verse effects of heavy metals in the human body.

Abstract
There is increasing data that micronutrient ingestion has a noteworthy consequence on the harmfulness as well as oncogenesis  
initiated by numerous elements. This review scrutinizes the influence of micronutrient eminence on the harmfulness of  
unnecessary metals like lead. Regrettably, insufficient research has rightly inspected the consequence of dietary insufficiency 
or else supplementation on metal harmfulness. More usually, the consequence of nutritional variation should be gathered or  
derived by the outcomes of research done to recognize physiology or how a cell responds, or pathogenesis of a condition, inter-
face or interaction taking place in living cells. We have selected three groups to distinguish the consequence of nutritional status 
on heavy metals: interface among essential micronutrients as well as lethal elements in the course of ingestion, attachment, as 
well as elimination; the impact of trace elements on the breakdown as well as absorption of heavy elements; and the influence 
of trace elements on additional harmful results of heavy elements. Based on evidence derived by mechanistic clinical trials, 
the capacity of trace elements to modify heavy elements’ harmfulness is assured. Trace elements work together among heavy  
elements at numerous parts in the body: intake as well as the elimination of heavy elements; the passage of elements in 
the body; the attachment to marked proteins; breakdown as well as isolation of heavy elements; lastly, during additional  
outcomes of toxicity like free radical formation. As a result, subjects consuming a food deficient of trace elements will be sus-
ceptible to injury from heavy elements like Lead (Pb).

Keywords: Lead, Micronutrients, Metal Toxicity.
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 Micronutrients are capable of modifying the 
lethal effects of elements by binding on the heavy ele-
ment at its central spot of action. Cases of such kind of 
interference consist of the interaction of calcium with 
Pb. In such conditions, the heavy metals apply their 
impact by restricting the action of the trace elements. 
This concludes that improving the vital trace elements’ 
accessibility must reduce the adverse effects of heavy  
elements. Increased lead content is taken up by subjects 
consuming calcium-deficient food compared to people 
that consume calcium-rich food. 
 Therefore, trace elements play an essential role 
in reducing adverse effects like an increased release of 
free radicals caused by heavy element accumulation.

Influence of Micronutrients on Lead Toxicity

 Pb produces several unfavorable health condi-
tions, causing damage to the nervous and blood-forming 
cells, kidney, thyroid regulation, as well as bone tissues, 
the nervous system being the mainly affected organ. 
Currently, damage and delayed intellectual, mental and 
communication skills in babies and young children are 
the most adverse influences that are of utmost interest.
The adverse effect, which is influenced by exposure  
duration and determined by Pb dosage, is initiated  
after ingestion from different environmental sources, 
such as air, food, and water. On the other hand, ban-
ning Pb-containing fuels in developed countries and the  
exclusion of Pb-components in food containers, signifi-
cantly showed a decline in the amount of toxicity from 
these products. Pb present in dyes painted on buildings 
constructed previously in the 19th century in different 
cities was the main cause of Pb ingestion among the 
school-going age group. These young people from a 
low-income background and suffering from calcium 
and iron deficiency show increased signs of Pb toxicity 
[1]. Adverse effects of Pb and its damage to the nervous 
system happen at a serum Pb value in the range of 0.48 
and 0.72 pmol/l; besides, more than one million chil-
dren in America have a blood Pb level in this range or 
even a little higher [2]. Among the subjects aged above 
18 years, bone disorders are reported as well [3]. Con-
ditions like pregnancy, breastfeeding, and old age in-
crease the incidence of nervous system disorders due to 
Pb intoxication [4].
 Calcium tablets, grape juice, glass containers 
and glazed pots can contain Pb and are considered causes 
of Pb contact [5]. Ceramics traded worldwide can release 

vast quantities of Pb into consumable items [6]. Pb pollu-
tion of these containers is an essential health-associated 
issue among the Mexican community [7]. A remarkable 
rise in the serum Pb level was traced among children be-
longing to the Mexican community who consumed food 
items stored in Pb-containing containers [8].

Lead-Calcium Interactions

 The wide range of in vivo, in vitro, and clinical 
trial reports signifies the importance of the Pb-calcium 
interaction [9] that takes place by modifying the expres-
sion of nucleic acids and proteins present within the liv-
ing cell which occurs due to the capability of Pb to repre-
sent or replace calcium during metabolic processes.
Reports show evidence that Pb prevents the discharge 
of neurotransmitters by inhibiting the transport of cal-
cium to the peripheral nerves [10], by competing with 
calcium ions during the process of movement through 
calcium canals [11], restricting calcium ion transport by 
additional calcium canals [12]. It is known that Pb pre-
vents calcium movement through the cells by interact-
ing with the Ca2+/Na+ adenosine triphosphate (ATP) 
pumps. This process of interdependence might prob-
ably explain in what way Pb interferes with calcium in 
the digestive system [13]. 
 The further significant interaction among Pb 
and calcium occurs inside the cells, where Pb obstructs 
the calcium attachment to a specific protein having the 
property of a signaling molecule intracellularly [14]. 
This interaction creates a fight between Pb and calcium 
for calcium specific proteins like calmodulin and pro-
tein kinase C (PKC). Pb works by replacing the calcium 
combined with calmodulin and disturbing the released 
amount of calcium within the nerve ends, which causes 
activation of neurotransmitter discharge [15]. Pb exhib-
its an enhanced capability to trigger protein kinase C, 
thus initiating an upsurge in its action. This can cause 
an increase in cell multiplication, differentiation and 
increased cellular activity to PKC such as cell-cell inter-
action, cytoskeletal structure, as well as the discharge of 
neurotransmitters [16]. Currently, it is illustrated that 
Pb modifies inositol polyphosphate specific protein at-
tachment in the rat brain, probably causing alterations 
in the concentration of calcium within the cell and thus 
impacting neuronal action [17]. Considering these inter-
actions, it is recommended that Pb should be interrupted 
promptly since an imbalance in calcium levels within the 
growing brain cells might impede healthy growth [18].
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Calcium Interferes with Lead Concentration.

 Gastrointestinal Pb ingestion and retention 
represent the essential Pb consumption pathway [9], 
and it is influenced by the micronutrient level of the 
gastrointestinal lining. Grown-ups retain about 10% of 
consumed Pb, but young individuals retain about 50% 
of the consumed Pb. This variance might be the out-
come of a higher concentration of intestinal carriage 
receptors throughout increased growth [19].
 Consumed Pb is released into blood deposits, 
skeletal tissues, and soft tissues, also the liver, through 
which it is expelled [20]. Longitudinal research shows 
that Pb is not excreted at a similar frequency as it is 
taken up by the body [21]. Pb, which is also excreted in 
urine and feces, continually collects in the body mus-
cles with age [22].
 Nutritional matters are believed to play a 
significant part in Pb retention in the body. Higher 
amounts of Pb are traced in the blood of subjects con-
suming food with little calcium concentration; it also 
results in an upsurge of intestinal uptake and a rise in 
Pb concentration [23]. 
 Calcium and Pb get attracted to the same at-
tachment spots on intestinal mucosal proteins, which 
are most required in the process of uptake [24]. These 
common attachment spots on receptors likely enlight-
en us why enough calcium in food reduces lead intake. 
Research by Six and Goyer [25] has reported that rodents 
subjected to a low calcium diet and variable quantities 
of Pb had a higher blood level and tissue concentrations 
of Pb than rats that ingested a diet with an average level 
of calcium. This report explains that a shortage in the 
calcium component from food upsurges the Pb level in 
vital organs [26]. 
 Additional work has also reported that the in-
gestion of Pb by the gastrointestinal tract is negatively 
interrelated to the calcium level in food [27]. An inves-
tigation on expecting women of the Mexican popula-
tion observed that consuming food served on Pb-glazed 
ceramics was related to increased serum Pb concentra-
tions; also, ingestion of foods high in calcium reduced 
serum Pb concentration in female subjects with a low 
income. This reduction was not noteworthy, but the 
intake of milk substances reduced serum Pb concen-
trations significantly among females having a high in-
come [28].
 Reports on the relation between calcium-forti-
fied food and Pb intoxication show that a small reduc-

tion in Pb uptake can decline the blood Pb level; howev-
er, these results were not that significant considering 
the effect of calcium deficiency on Pb intake as well as 
its absorption. Hence, maintaining normal calcium 
levels instead of the consumption of calcium-fortified 
food is considered beneficial in fighting Pb toxicity [27].

Lead and Bone Metabolism

 The majority of the deposition of Pb is in the 
bones. Thus, bone remodeling proves to be a signif-
icant part of the uptake and excretion of Pb from the 
human system [29]. Reports on the impact of calcium, 
phosphorous, as well as vitamin D on the absorption 
of Pb by bone, are extensive [30]. Literature states that 
breastfeeding mothers of the Mexican population us-
ing a ceramic container with Pb that also consume low 
calcium-rich food had a high level of Pb in the hard tis-
sues [31]. Animal studies have demonstrated that food 
with a small amount of phosphorous had raised Pb 
levels and foods having low calcium and phosphorous 
components lead to increased Pb concentrations [31]. 
Thus, these reports suggest that calcium and phospho-
rous rich food could have a beneficiary inhibitory con-
sequence on the intake and collection of Pb [32].
 Vitamin D does not merely increase the  
absorption of calcium but also phosphate,stimulates 
the absorption of additional essential elements like 
magnesium, iron, and zinc, and also the absorption of 
heavy elements like Pb [33]. The significant influence of 
vitamin D associated with enhanced absorption of Pb 
by the digestive system is prompted by calcium-com-
bined enzymes by intestinal tissues [34]. Reports also 
determine that the unique lead interaction on such cal-
cium-combined proteins will definitely result in vita-
min D increase of Pb absorption in addition to deposi-
tion in the renal tissues and bone [35]. Likewise, while 
calcium levels are very low, the blood level of vitamin 
D, 1,25-dihydroxy-vitamin D, is elevated to raise the 
absorption of calcium and production of calbindin-D, 
a calcium attached protein [35]. Therefore, a further  
process of lead absorption can happen in the situation 
of calcium insufficiency [35]. After depositing in the 
bone, Pb will be released because of bone remodeling 
during bone fractures or arthritis. The release of a 
long-standing Pb collection via hard tissues of an ex-
pecting mother is a major cause in stimulating Pb via 
placental transfer [31]. 
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 Investigations in rodents describe that Pb de-
posited in hard tissues as a result of previous exposure 
in expecting women should be quantified as an essen-
tial basis for self ingestion and milk contamination 
among lactating mothers [36]. A study in the Swedish 
population exhibited a drop in serum calcium level 
and an increase in blood Pb concentration in lactating 
women, mostly because of the discharge of Pb through 
the bone [37]. After reaching menopause, a notewor-
thy release of calcium by the bones and also estrogen  
reduces the discharge of the existing Pb from the cell 
into blood [38].

Lead-Iron Interactions

 Iron insufficiency and a shortage of iron in-
take in the phase of development among young ani-
mals causes increased Pb ingestion and concentration. 
Hence, it is alarming to report that young individuals 
and expecting women are more prone to Pb consump-
tion from the diet [39]. Conversely, contrasting to cal-
cium insufficiency, iron insufficiency in animals does 
not seem to lead in the relocation of Pb into soft tissues 
[39]; it merely disturbs the movement of Pb through the 
digestive system[40]. An inverse association among the 
iron level in food and serum Pb concentration was men-
tioned in a clinical investigation conducted on children 
younger than 5 years old [41]. Awareness of iron-related  
malnutrition existing among young children is well 
known, but the damage to the perceptive and mental 
development among such individuals is more notewor-
thy [42]. However, it is not well known why the lack of 
iron supply leads to adverse effects on young people’s 
communication skills. The effects of Pb and iron on 
the heme biosynthetic pathways have been extensive-
ly investigated and characterized. Heme production 
is a biochemical process that involves numerous stag-
es, biological catalysts, and enzymes. A shortage in 
an enzyme or biological catalysts advances to a build-
up of by-products of heme synthesis in the human  
system. Pb inhibits such biological catalysts during this  
important biochemical reaction, and a significant 
amount of delta-aminolevulinic acid dehydratase 
(ALAD), a biological catalyst, remains concentrated 
in the body. In addition, Pb interferes with mitochon-
dria during the production of ATP, the energy curren-
cy of the cells; ATP is required for the breakdown of  
elements, prior to the attachment of iron into the  

porphyrin ring [43]. When iron insufficiency is pres-
ent, ferrochelatase is more prone to such consequences 
of lead [43], and this causes a reduction in the produc-
tion of blood cellular components. Thus, iron-rich food 
can prevent such injury occurring on blood cellular 
components caused by Pb. Additional studies demon-
strate the capacity of metallothionein to attenuate the 
Pb-induced inhibition of 6-ALAD [44]. 

Additional Nutrients that Interfere with Lead

  Some additional nutritive constituents  
influence Pb’s concentration; elements such as calcium,  
iron, and vitamin D provide assurance in reducing the 
lethal effect of Pb, especially in young kids. The im-
portant interaction among Pb and trace elements, be-
sides additional food components, are abridged [45].  
Miller et al. exhibited a broad assessment of interactions  
between Pb and trace elements and performed supplemen-
tary and new investigations [46]. Foods rich in nutritional 
components show a reduction in the intake of lead through 
the digestive tract [47]. Zinc affects the concentration of lead 
at the cellular level and decreases Pb toxicity chances be-
cause delta-aminolevulinic acid dehydratase isis suppressed 
by Pb [48]. Research proves a negative correlation between 
zinc and lead concentration, demonstrating that zinc in-
teracts and inhibits Pb absorption in the digestive system 
[49]. Also, Flora et al. [49] clarified that synchronized intake 
of zinc and a Pb chelator, calcium disodium EDTA, leads to 
increased chelation of Pb. Animal studies have reported  
selenium’s defensive action on the damage caused to 
the central nervous system due to Pb intoxication.  
Selenium was proved to have a defensive action 
against Pb to prevent neurotransmission from succinic  
dehydrogenase, acetylcholine esterase, and the sodi-
um/potassium ATPase in animals [50]. A study report-
ed that adding selenium during deactivation of lead 
in animals plays a beneficial role in the deactivation  
of lead saturation, which is possible because lead-de-
activator 6-ALAD is produced by selenium [51]. Wide-
spread studies support the beneficial role of trace el-
ements in reducing the lethal effects of Pb, especially 
in more susceptible subjects. When Pb toxicity is im-
portant, nutritive aspects do not stop Pb saturation.  
Children are highly susceptible even to small amounts 
of Pb, showing growth anomalies. Thus, the signif-
icance and role of trace elements in the protection 
against the lethal effects of Pb are more prominent 
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among young individuals and subjects prone to Pb  
intoxication [45]. 

Conclusions 

 Few studies report the influence of the mi-
cronutrient status lethal effects of heavy elements. 
Depending on the reports from research done to  
recognize the physiology or how a cell responds, or 
pathogenesis of a condition, or interaction taking place 
in living cells, the capacity of trace elements to reduce 
the lethal effects of heavy elements is certain. Trace el-
ements interfere with heavy elements like Pb at several 
steps in the body: intake as well as the elimination of 
heavy elements; the movement of elements through 
various systems; attachment to the specific receptors; 
breakdown as well as the isolation of heavy elements; 
and a role in the reduction of free radicals formation.
Thus, subjects consuming food with low nutrition-
al values will be susceptible to injury from heavy ele-
ments like Pb. Therefore, consuming food with low 
nutritional value will play an essential role in the lethal 
effects of heavy elements and will lead to an increased 
threat by elements like Pb. Population studies to verify 
the tolerable concentration of Pb are conducted world-
wide. Also, the nutritional value of food consumed  
varies worldwide. 
 Determined by the nutritional component of 
food, the concentration of Pb varies worldwide. Inves-
tigations considering the influence of trace elements 
and metal toxicity are trying to evaluate the threat from 
heavy metal intoxication. The interference of the trace 
elements with heavy elements is proved. Overlooking 
the influence of trace elements, the  benefits on the hu-
man system should be considered. The usual therapy 
for lead exposure is to eliminate the providing cause. In 
conditions where elimination of Pb intoxication cant be 
avoided, nutritional values of food will be a protective 
means that should be practiced and recognized.
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Introduction

 The uterine leiomyomata (fibroids) are a com-
mon type of tumor in the smooth muscle of the uter-
us (myometrium) in women. The prevalence of uter-
ine leiomyomata is noticeable high in premenopausal 
women of a certain population [1]. Uterine leiomyoma-
ta are considered a significant problem because of hys-
terectomy in some cases [2]. Many factors increase the 
incidence chance of uterine leiomyomata, such as the 
increasing age, many environmental factors such as 
eating red meat, and smoking; in addition, the proba-
bility is more increased in black women than white [3].
 Women with uterine leiomyomata are suffer-
ing from heavy bleeding during periods, pain in their 
lower back and pelvis, and have fertility issues [4]. 
The uterine leiomyomata pathogenesis is not under-
stood, but studies have shown that they arise because 
of inflammation [5]. 50% of women who have uterine 
leiomyomata are symptomatic. Women with uterine 
leiomyomata seek to use alternative treatments to keep 
their uterus and not get a hysterectomy [6]. Treatments 
such as uterine artery embolization (UAE) and radiof-
requency ablation (RFA) can reduce the volume of fi-

broids, and therefore, do lead not to hysterectomies [1].
 On the other hand, hormone control therapy 
that can provide medical management for symptomat-
ic uterine leiomyomata in women; this hormone con-
trol therapy includes gonadotropin-releasing hormone 
agonists (GnRH), which can stimulate amenorrhea, 
and therefore decrease the size of fibroids until they 
become minimal. However, this medical management 
has many side effects because of the significant de-
crease in estrogen level, which causes hot flashes and 
many other undesirable symptoms. Other hormone 
control therapies involve estrogen-progesterone hor-
mones, but this treatment does not benefit from the 
reduction of fibroids growth [7-9]. In postmenopausal 
women, uterine fibroids are treated with other meth-
ods that involve using raloxifene (Evista), which is a 
selective estrogen receptor modulator. This treatment 
has demonstrated its ability to reduce the size of fi-
broids [8, 10]. Uterine leiomyomata are considered to 
be a disorder that has a nonregulated production of the 
extracellular matrix (ECM). The progesterone and es-
trogen hormones perhaps play a role in the establish-
ment and growth of fibroids tumors [11]. Studies have 
exhibited that women with uterine leiomyomata have 
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a reduction in the metabolism rate of estrogen, accom-
panied by increasing estrogen receptors [12-14]. Proges-
terone and estrogen mechanism of action in uterine fi-
broids may be accompanied by growth factors [15]; one 
of these growth factors enclosed with uterine fibroids 
is the insulin-like growth factor (IGF-I). IGF-I can stim-
ulate the growth of fibroids and stops the mechanism 
of apoptosis [16]. A study has reported that women with 
uterine leiomyomata have a high expression of IGF-I 
compared with healthy women [17]. The endocrine 
growth factor, which is synthesized in the liver, IGF-I, 
can regulate both normal and abnormal cell growth. 
The synthesis of IGF-I is stimulated by growth hor-
mones [18].
 

Correlation of growth factors with uterine  
leiomyomata 

 Growth factors are molecules used as interme-
diates in various signaling pathways. In fact, they are 
regulators for many biological activities such as inflam-
mation, cell proliferation, cell growth, and many oth-
ers. Some of these growth factors are proteins, while 
others are peptides. They play key roles in uterine leio-
myomata formation via different signaling pathways. 
Many studies have demonstrated their contributions 
in the pathogenesis of uterine leiomyomata, and mol-
ecules like acidic and basic fibroblast growth factors 
(aFGF and bFGF, respectively), which are growth fac-
tors that promote angiogenesis, are found in high con-
centration in uterine leiomyomata compared with the 
normal myometrium [19, 20]. Activin A is also a growth 
factor found in uterine leiomyomata in high concentra-
tions compared with the normal myometrium. Studies 
have shown that uterine leiomyomata cells have a high 
expression of the extracellular matrix since the matrix 
can support the growth of uterine leiomyomata cells. 
Activin A is one of the growth factors that has elevated 
expression of the extracellular matrix; besides, Activin 
A stimulates the Smad transduction pathways [21]. The 
epidermal growth factor (EGF) stimulates the prolifer-
ation of uterine leiomyomata cells because of its mito-
genic effect on these cells, which activate the MAPK1 
pathway [22]. Heparin-binding EGF (HB-EGF) works 
against apoptosis of uterine leiomyomata cells [23]. The 
growth differentiation factor-8 (GDF-8) has exhibited 
its ability to activate the Smad 2 and 3 signaling path-
ways, which support the proliferation of leiomyomata 

cells. The platelet-derived growth factor (PDGF) has 
shown the ability to induce the expression of collagen. 
Also, PDGF cooperates with some growth factors to in-
duce the proliferation of leiomyomata cells. The insu-
lin-like growth factors (IGFs) have a prominent role in 
the enhancement of proliferation, especially the insu-
lin-like growth factor I (IGF-I), which has many activ-
ities in the pathogeneses of uterine leiomyomata, such 
as blocking the apoptosis process and activation of the 
MAPK and AKT pathways [24]. 

IGFs and their receptors 

 IGFs and their receptors are responsible for 
several functions in different cell types, such as cell dif-
ferentiation and proliferation; in addition, they have 
an essential role in apoptosis. IGF-I, IGF-II and insulin 
with their binding proteins and receptors are consid-
ered as a complement system of growth factors [25, 26]. 
According to a hypothesis [27], the growth hormone 
(GH) is stimulating the growth action by using anoth-
er factor; thus, GH stimulates, in fact, the synthesis of 
IGF-I which binds to IGF-I binding proteins with a high 
affinity, in order to bind with its receptor [28]. IGF-I is 
different from other growth factors with its ability to 
stimulate both the differentiation and proliferation of 
cells growing in culture [29]. The proliferation action 
of IGF-I on myoblasts remains for 24-36 h, and then 
it is followed by myogenic differentiation. There are 
many events that happen as a result of the IGF-I prolif-
eration induction; the synthesis of DNA increases, the 
use of amino acids rises, the level of proteins increases, 
and the number of cells increases as well. In addition, 
proteolysis is inhibited. IGFs can be recognized by two 
receptors, the IGF-I and IGF-II receptors. The IGF-I 
is characterized by its homology to another receptor 
called the insulin receptor. The degree of homology 
between the two receptors is considerable. Also, it was 
observed that the cation independent mannose 6-phos-
phate receptor is an identical receptor to the IGF-II re-
ceptor. Insulin, IGF-I, and IGF-II are bounded to the 
IGF-I receptor but with different affinity. The IGF-I 
binds with high affinity, while IGF-II and insulin are 
bounded with very low affinity. IGF-II and IGF-I are 
bounded to the IGF-II receptor, but the insulin does not 
bind. The binding affinity between the IGF-II receptor 
and IGF-II is very high. The insulin receptor can bind 
with low affinity with IGFs [30].
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IGF-I receptor

 Studies have demonstrated that most of the bi-
ological activities on cells (such as the growth of cells) 
that occurred because of IGFs are dependent mainly on 
the IGF-I receptor’s signaling mechanisms. 
 The IGF-I protein receptor consists of two 
α subunits and two β subunits. The α-subunit has a 
binding site that is characterized by a high content of 
cysteine. The β subunits have intrinsic enzyme activi-
ty, which is the tyrosine kinase enzyme. This enzyme 
becomes active when IGF-I binds to the receptor. IGF-I 
is mainly responsible for the induction of cell growth 
and differentiation, whereas insulin is responsible for 
the metabolism of proteins, carbohydrates, and lipids 
in mammalian cells. Although both hormones (IGF-I 
and insulin) have different actions, there is an interfer-
ing in their actions [31, 32]. Studies have found a high 
similarity in the protein levels between the IGF-I recep-
tor and the insulin receptor. The similarity appeared 
significant in the domain of tyrosine kinase [33]. Al-
though both IGF-I and insulin are binding to their li-
gands, if the amount of insulin or IGF-I is high, both of 
them cross-react with the receptor of the other (IGF-I 
binds with the insulin receptor and vice versa) [34, 35]. 
 
The role of IGF-I in the stimulation of uterine  
leiomyomata 

 Many studies have reported that there is a 
close relationship between uterine leiomyomas and 
IGF-I. The high expression of IGF-I and its receptor 
(IGF-IR) is leading the cell toward proliferation and 
prevents apoptosis [36]. A high amount of IGF-1 recep-
tor is leading to increased activation of IGF-I and an in-
creased number of ligands [37]. A study was designed to 
determine which of either IGF-I or IGF-II leads to the 
induction of uterine leiomyoma; the researchers added 
IGF-I and IGF-II on uterine leiomyoma cells. They have 
found that there is a high elevation in cell proliferation 
in the uterine leiomyoma cell culture that was provid-
ed with IGF-I, while this did not occur with the culture 
that was treated with IGF-II. On the other hand, IGF-I 
and IGF-II did not affect the myometrial cells [38]. 
 Steroid hormones stimulate IGF-I; during the 
reproductive period, progesterone and estrogen levels 
increase the incidence of uterine fibroids; this is based 
on clinical conclusions, which have demonstrated that 
the uterine cell proliferation happened in response to 

progesterone and estrogen levels. After menopause, 
progesterone and estrogen are decreased, so the inci-
dence of uterine fibroids decreases [39, 40]. Many in 
vitro studies have reported several pathways for the 
interactions between steroid hormones and growth 
factors, leading to uterine fibroids [17, 41, 42]. Multiple 
in vivo studies have demonstrated that the expression 
of IGF-I mRNA was increased significantly by estradiol 
in the myometrium of rats [43, 44]. The expression of 
mRNAs of IGF-I and IGF-II was estimated on fibroids 
and normal human myometrium, and it was higher in 
fibroids. Moreover, the number of IGF-I binding sites 
is higher in uterine fibroids, and they exhibited higher 
affinity compared to normal myometrium [45]. Giudice 
et al. have reported that the expression of IGF-I mRNAs 
was very high in women with fibroids in their prolif-
erative periods. This period is distinguished by a high 
concentration of estradiol, while during the period 
with a high level of progesterone from a woman’s life, 
the expression of IGF-I mRNAs was decreased, suggest-
ing that the expression of mRNA of IGF-I may be regu-
lated by estradiol in women with uterine fibroids [46]. 
Also, it has observed that the expression of IGF-I mRNA 
is very high in the follicular phase. A study that exam-
ined a sample of more than one fibroid from one pa-
tient showed that the expression of IGF-I mRNA has a 
notable variation among these fibroids, although they 
were taken from the same patient. Women who have 
taken the gonadotropin-releasing hormone (GnRH) as 
a treatment for uterine fibroids displayed a reduction 
in fibroids and the level of expression of IGF-I mRNA 
[47]. Studies investigating fibroids of Eker rats showed 
that the IGF-I peptide was expressed in a high amount, 
which is the same as in the case of human patients [47, 
48]. Takashi et al. have cultured the leiomyomata cells 
with the following treatments: progesterone and estra-
diol, combined with progesterone. The two treatments 
have decreased the expression of proteins and IGF-I 
mRNA significantly compared with control leiomyo-
mata cells. On the other hand, another group of cells 
was treated with estradiol alone, but the results have 
demonstrated that there is no effect on IGF-I mRNA 
expression and protein levels [49]. However, in an in 
vivo study, it was found that IGF-II expression has no 
relation to steroid hormones [36]. A study conduct-
ed to investigate the presence of insulin-like growth 
factor-binding proteins (IGFBPs) mRNA in both myo-
metrium and leiomyomata cells demonstrated that 
no IGFBP-1 mRNA was present in leiomyomata and 
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myometrium cells, while IGFBP-2 mRNA was found in 
both types of cells, in identical quantities. The IGFBP-3 
mRNA was also detected in both cells, demonstrating a 
high level in the myometrium compared to leiomyoma-
ta cells [50]. In a study on leiomyomata and myometri-
um cells treated with estrogen, researchers wanted to 
investigate the signaling pathway of estrogen involved 
in the development of leiomyomata cells. Moreover, 
they tried to find new genes that may include in the in-
duction of cell proliferation after exposure to estrogen. 
 They have concluded that the proliferation 
of cells in uterine leiomyomata is not only because of 
the estrogen (as in the case of MCF7 breast cancer) but 
because of various molecules that stimulate the pro-
liferation of uterine fibroids; they have reported that 
there are novel genes that cooperate with other genes 
to induce proliferation. The A-myb gene, which en-
hances smooth cells’ growth, is one of the novel genes 
that was found to stimulate fibroids formation in the 
uterus. The level of expression of the A-myb gene is 
increased significantly after the treatment with estro-
gen. Thus, the expression of the A-myb gene is depen-
dent on estrogen. Also, it was observed that the A-myb 
gene is involved in the IGF-I signaling pathway, and it 
is up-regulated in cells that are exposed to estrogen. 
The MAPK pathway has an important role in prolifer-
ation and apoptosis. IGF-I may induce the elevation of 
phosphorylated MAPK. The expression of MAPK did 
not increase due to estrogen exposure. The study has 
found that in cells exposed to estrogen, the expression 
of MKP-1 is down-regulated. On the other hand, c-fos 
and myc genes have exhibited a prominent role in the 
regulation of the cell cycle. The levels of expression of 
these genes (c-fos and myc) have demonstrated a down-
regulation in the leiomyomata cells treated with es-
trogen. This study has shown that the genes which are 
exposed to estrogen-treated leiomyomata are differen-
tially expressed [17]. A study by Peng et al. has reported 
that there is an abnormality in the signaling pathways 
for IGF-I and the downstream molecules in some leio-
myomata cells. Besides, IGF-I induces the increase of 
expression of p-AKT [51]. The action of IGF-I includes 
many effector proteins, which contribute to various 
signaling pathways. In addition to the above-men-
tioned mechanisms, P13K is stimulating proliferation 
and is mediated by various proteins such as receptor ty-
rosine kinases (RTKs), which play a role in the regula-
tion of the cell cycle. The dysregulation of RTKs is con-
tributing to the formation of uterine fibroids. Studies 

have shown that the mTOR signaling pathway is con-
tinuous in fibroids. On the other hand, IGF-I induces 
the overexpression of Bcl2 in fibroids [36, 49, 52]. A re-
cent study has revealed that there are epigenetic mu-
tations that contribute to the pathogenesis of uterine 
leiomyoma; these mutations affect two genes, SATB2 
and NRG1. The study has explained that the abnormal 
methylation of these two genes is believed to play a 
prominent role in uterine leiomyoma. The two genes 
are highly expressed in uterine leiomyoma compared 
to normal myometrium [53]. On the other hand, uter-
ine artery embolization (UAE) is one of the therapies 
used for uterine leiomyoma. The principle of the UAE is 
to prevent the uterine leiomyoma from receiving nour-
ishment by blood, which leads to a noticeable decrease 
in the size of fibroids; thus, this type of therapy stimu-
lates the hypoxia of fibroid cells. The vascular endothe-
lial growth factor (VEGF) is one of the growth factors 
that is also included in the uterine leiomyoma patho-
genesis. VEGF can enhance the division of the vascular 
endothelial cells, and it was found that the expression 
of VEGF increased significantly in uterine leiomyoma, 
leading to the angiogenesis process in uterine leiomyo-
ma. A study tried to predict if there is a possibility for 
taking into consideration the levels of IGF-I and VEGF 
as hint factors after treatment using UAE therapy. The 
IGF-I and VEGF have a high incidence in patients before 
the UAE therapy. The levels of IGF-I and VEGF were as-
sessed after a short period (one week) in patients that 
received UAE therapy, and the results have shown that 
the levels of IGF-I and VEGF were decreased compared 
with their levels before UAE therapy. However, after a 
long period (more than one month) of UAE therapy, the 
levels of IGF-I and VEGF were increased. 
 This study has concluded that the decreased 
level of IGF-I and VEGF after UAE therapy prevents 
disease progression in women who are suffering from 
uterine leiomyoma for a long period [54]. Many treat-
ments have been used to enhance the shrinkage of fi-
broids; one of these treatments is mifepristone, which 
has exhibited clear results in shrinkage of fibroids, 
but after stopping the treatment, the fibroids develop 
again. Mifepristone has the ability to control the ex-
pression of IGF-I in uterine leiomyoma, but the mech-
anism is not clear. A study has shown that mifepris-
tone’s mechanism in uterine leiomyoma involves not 
only controlling IGF-I, but also controlling the extra-
cellular signal-regulated kinases (ERK) 1/2, the IGF-I 
downstream protein [55].
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Соnclusion

 The prevalence of uterine leiomyoma is con-
tinuously increasing worldwide. IGF-I is considered 
an important growth factor involved in the develop-
ment of this disease. There is an urgent need for more 
studies to understand profoundly and more clearly the 
role of IGF-I in the onset of uterine leiomyoma, which 
may help in the treatment or at least control the disease 
symptoms as much as possible. 
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Introduction

 Diabetes mellitus has become increasingly 
prevalent in recent years, which might indicate an ac-
tual increase in the number of individuals with this 
condition. It might also indicate that, over the past 
century, we have developed technology that is better 
able to detect diabetes mellitus [1]. A total of 415 million 
adults people worldwide were estimated to have diabe-
tes in 2015. If these trends continue, 642 million people 
will have diabetes by 2040 [2].
 Diabetes is genetically driven; that is, it is 
thought to be passed on from parent to child. Type 2 
diabetes mellitus (T2DM), which is the more prevalent 

form, occurs amongst individuals once they reach mid-
dle age, while type 1 is a chronic condition that occurs 
amongst children or young adults and lasts throughout 
their lifetime [3]. Therefore, in the case of T2DM, while 
the hereditary factor is given much focus, there is also 
a certain degree of control that needs to be established 
in the diet of patients [4].
 There are specific arguments related to the 
regulation of diet amongst diabetic patients, most of 
which involve the control of sugar intake to maintain 
normal blood sugar levels [5, 6]. However, other stud-
ies have considered the intake of refined carbohydrates 
as a contributing factor towards blood sugar increase 
in diabetic patients as well [7]. Either way, it has been 
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well established that T2DM is at least partially genetic, 
although certain environmental factors have also been 
counted as contributory towards its existence and, 
more importantly, towards its progression over time.
One of the issues concerning the suggested environ-
mental causes is the change in dietary habits world-
wide. In contrast to the substantial fiber-based intake 
of earlier times, there has been an increase in the con-
sumption of carbohydrates as well as processed and fat-
based foods in the contemporary world [8], paired with 
a relatively sedentary lifestyle [9, 10]. Some adverse 
effects can occur in the body with regard to various 
illnesses, and, despite its heritability [11], T2DM gains 
traction through such dietary and lifestyle choices, as 
is argued in many cases [12].
 Refined carbohydrates are the result of a refin-
ing process in which fibers and valuable nutrients are 
extracted from grains and sugar at a processing plant 
[13]. Upon consumption of these carbohydrates, which 
are rapidly digested and assimilated after the intake, 
postprandial blood glucose and insulin levels become 
elevated [14]. Thus, regarding the glycemic index (GI), 
which measures the potential of foods to elicit the 
postprandial elevation of blood sugar, refined carbohy-
drates have a very high score (GI = 70 or more) [15].
 Various studies reported a positive association 
between the consumption of refined carbohydrates 
and T2DM [16–19]. However, such an association has 
been considered significant in another study [20]. A re-
cent systematic review and a meta-analysis show that 
the inclusion of simple carbohydrates within the diet 
seems to have a significant effect on the acquisition of 
T2DM [20]. This review has been restricted to a single 
pattern: the consumption of white rice. Although this 
pattern has been found to relate to the risk of diabetes, 
the evidence is inconclusive. Thus, through a system-
atic review and meta-analysis, we aim to summarize 
the evidence of published prospective cohort studies 
by evaluating the association between all different pat-
terns of refined carbohydrates and T2DM. This is the 
first systematic review and meta-analysis that aims 
to assess the risk of refined carbohydrates to the inci-
dence of T2DM conclusively.

Material and Methods

 A systematic search was conducted on PubMed, 
Embase, CINAHL and Scopus for prospective cohort 
studies to identify published studies that examined the 

relationship between refined carbohydrate intake and 
T2DM. The key terms for the search were “diabetes 
mellitus”, “type 2 diabetes mellitus” and “non-insulin 
dependent diabetes mellitus”, in combination with 
“refined carbohydrates” or “dietary carbohydrates” 
and in combination with cohort studies, follow-up. For 
further relevant articles, reference lists of articles were 
screened.   
 We included prospective cohort studies that 
examined the relationship between refined carbohy-
drate intake and T2DM, studies published up to July 
2017, journals in the English language, participants 
aged 18 years and above, research carried out globally 
and studies that reported risk estimates (odds ratio or 
relative risk) with 95% confidence intervals. 
 Figure 1 demonstrates the study selection pro-
cess and results. A total of 334 articles were identified 
through database searching, 89 of which were identi-
fied from PubMed, 115 from Embase, 39 from CINAHL 
and 91 from Scopus. Forty-one studies remained after 
excluding the duplicated articles and those studies that 
did not meet our inclusion criteria. Of these 41 pub-
lished articles, we evaluated the full text and excluded 
29 studies. Of these excluded articles, 16 studies did not 
have original data that could be extracted (letters and 
reviews articles), and 13 studies were irrelevant (no 
relevant outcome, no relevant exposure, no risk esti-
mation, and not in English). Finally, we identified 12 
studies that matched the inclusion criteria. A manual 
search of references cited by these studies yielded four 
new eligible articles. Ultimately, eight articles were 
included in the systematic review and meta-analysis, 
which only examined refined carbohydrates separate-
ly from other diets. Of these eight studies included in 
the meta-analysis, men and women were examined 
separately in the study by Nanri et al., three indepen-
dent cohort studies were conducted by Sun et al’s study, 
and two types of refined carbohydrates were examined  
separately by both Hodge et al’s and Villegas et al’s  
studies. Thus, a total of 13 comparisons were included 
in the meta-analysis (Figure 1). 

Data Extraction

 From each study, the following informa-
tion was extracted: study characteristics, including  
author names, publication year, study participants,  
incident cases, study location, follow-up period, and 
person-time. Participants’ characteristics included 



Mahzari M, Mamun A. Does Consumption of Refined Carbohydrates Predict the Incidence of Type 2 Diabetes Mellitus? A Systematic Review and 
Meta-Analysis

https://doi.org/10.46389/rjd-2020-1027 © 2020 The Authors170

age, sex, exposure to refined carbohydrates, assessment 
methods of dietary exposure, including reproducibility 
and validity, outcome (type 2 diabetes) and its measures 
and risk estimation for each category. Studies that had 
multiple cohorts or expressed data for men and women 
separately were considered to be independent and were 
extracted separately.
 
Statistical Analysis

 For all included studies in this systematic re-
view and meta-analysis, the information regarding 
dietary intake among participants was collected using 
a validated food frequency questionnaire (FFQ) de-
signed to determine the average intake of food during 
the studies follow-up period. 
 The included studies measured the incidence 
of type 2 diabetes mellitus, which was identified 
through many methods, including self-reports and 

a validated supplementary questionnaire, and then 
confirmed using various measures, such as medical 
records, the National Diabetes Data Group, the Amer-
ican Diabetes Association diagnostic criteria (1997), 
the World Health Organization criteria (1985, 1999), 
the use of anti-diabetic medication, the Japan Diabe-
tes Society diagnostic criteria (1982) for the Nanri et 
al’s study from Japan and the enzymatic colorimetric 
for the study of Denova-Gutiérrez et al’s study.
 All the cohort studies included in the me-
ta-analysis used relative risks (RRs) as a measure 
of association except for those by Hodge et al., 
Nanri et al. and Golozar et al., all of which used 
odds ratios (ORs) for their measurements. Due 
to a low incidence of T2DM in these studies (e.g., 
the incidence was 1.9% for Nanri et al., 1.2% for 
Hodge et al. and 3.7% for Golozar et al.), ORs were  
considered comparable to RRs as a measure of associ-
ation.

Figure 1: Literature search and study selection (based on PRISMA reporting).
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 All RRs that compared extreme categories of 
consumption were pooled by using a random-effects 
model. A forest plot was subsequently produced for vi-
sual assessment of the multivariate-adjusted RRs and 
their concordant 95% confidence intervals. The eval-
uation of heterogeneity between studies was assessed 
by Cochrane’s Q and I2 statistical tests (where an I2 
value of 25% is indicative of low heterogeneity, 50% is 
moderate heterogeneity, 75% is high heterogeneity and 
p<0.05 indicates a statistical significance for heteroge-
neity). Finally, a funnel plot was used to address any po-
tential publication bias. All analysis was performed by 
using the MetaXl statistical software, version 5.3. 

Results

Study characteristics 

 The study characteristics are shown in Table 1.
In summary, all studies examined the risk of type 2 di-
abetes among a prospective cohort of participants that 
were free of the disease at baseline. During the period 
from two to twenty-two, 17,779 cases of T2DM were 
identified.
 Five studies were conducted among Western 
populations (four studies in the United States and one 
study in Australia), and the other three studies were 
conducted among Asian populations (one study in  
China, one study in Japan and one study in Iran). In 
each included study, validated food frequency ques-
tionnaires were used to assess dietary intake.

Refined carbohydrate intake and risk of type 2  
diabetes 

 The long-term effects of refined carbohydrates 
on the incidence of T2DM were evaluated in eight co-
hort studies [22-29].
 Salmeron et al. [22] assessed an association be-
tween the risk of non-insulin dependent diabetes mel-
litus (NIDDM) and dietary patterns featuring a high 
glycemic load. A significant positive association was 
established between a diet characterized by an eleva- 
ted glycemic load in conjunction with a low cereal fiber 
content and the risk of NIDDM in women (relative risk 
[RR] = 2.50, 95% confidence interval [CI]: 1.14–5.51). It 
is worth noting that such a diet was also reflective of 
the consumption of refined dietary carbohydrates, and 
this was stated explicitly by the researchers. 
 The study by Liu et al. [23] was one of the first 

studies in which a relationship between diet and chron-
ic diseases was determined. A validated food frequency 
questionnaire was administered to 75,521 female reg-
istered nurses with the objective of conducting a di-
etary assessment, including that of the consumption 
of refined grains. A significantly increased incidence of 
T2DM (according to higher Rutter scores) was reported 
in relation to the consumption of refined grains (RR = 
1.31, 95% CI: 1.12–1.53, p = 0.000). The risk was shown to 
escalate in increasing quintiles of refined grain intake. 
Conversely, the risk was seen to decrease in those who 
consumed whole grains (RR = 0.62, 95% CI: 0.53–0.71, p 
= < 0.000).
 Van Dam et al. [24] found that the adoption of 
Western dietary patterns contributed to the increasing 
prevalence of T2DM in obese and physically inactive 
men. The dietary pattern followed was found to be the 
primary contributing factor to the risk of acquiring 
T2DM. A healthy dietary pattern, especially one in-
volving the consumption of whole grains, was found 
to be inversely associated with the risk of T2DM in ex-
treme quintiles of wholegrain intake (multivariate RR 
= 0.77, 95% CI: 0.64–0.93, p = < 0.001). By contrast, the 
consumption of a Western-type diet, and refined grains 
specifically, was found to be positively associated with 
the risk of T2DM in extreme quintiles of intake (RR = 
1.37, 95% CI: 1.13–1.66). 
 Hodge et al. [25] studied the impact of the di-
etary GI on the incidence of T2DM in a mixed-gender 
cohort and established that starch and refined carbo-
hydrates were connected to an increased incidence of 
the disease in the highest quartile of starch and car-
bohydrate intake (white bread: odds ratio [OR] = 1.37, 
95% CI: 1.04–1.81, p = < 0.001; starch: OR = 1.47, 95% CI: 
1.06–2.05). Nevertheless, the authors suggested that ef-
fecting a reduction in dietary GI, rather than carbohy-
drates, by substituting white bread with low-GI bread, 
might reduce T2DM risk.
 Villegas et al. [26] researched the role of a diet 
that was characterized by a high GI and glycemic load 
(GL) in relation to T2DM in their study on 64,227 Chi-
nese women whose diet primarily consisted of staple 
foods, such as rice, noodles, steamed bread, and bread. 
An association was identified between the consump-
tion of a high-GI and -GL carbohydrate diet, especial-
ly rice, and the risk of T2DM (rice: RR = 1.78, 95% CI: 
1.48–2.15; refined carbohydrates: RR = 1.28, 95% CI, 
1.09–1.50). 
 Three prospective cohort studies on 39,765 
men and 157,463 women in the USA were carried out by 
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Table 1: Characteristics of prospective studies of refined carbohydrate intake in relation to the incidene of type 2 diabetes:  
participants, follow-up, exposures, outcomes, relative risks, and covariates.

Follow-up 
period and 

person time

Exposure 
and 

assessment 
method

Covariates  
in fully 

adjusted 
model

Study 
outcome and 

ascertainment

Study 
participants

Author Comparison 
categories 

and cor-
responding 
covariates 

in fully 
adjusted 

model 
relative risk 

(95% CI)

Follow-up: 
6 years;
Person-

years: NA

Follow-up: 
10 years;

Person-years 
722 419 

Follow-up: 
12 years;

Refined 
carbohydrate 

diets “high 
glycemic 

load and low 
cereal fibre” 

assessed 
by FFQ 

consisting 
of 134 food 

items.

refined-
grain foods 

assessed 
by FFQ 

consisting of 
126  

food  
items. 

Con-
sumption 

2.50  
(1.14-5.51)

Q1: 1.0 
(referent);

Q2: 1.09 
(0.94, 1.26); 

Q3: 1.01 
(0.86, 1.17); 

Q4: 1.09 
(0.92, 1.27);

 Q5: 1.11 
(0.94, 1.30)

1.32  
[1.09, 1.60]

The Nurses’ 
Health Study:

Total: 65173 
women

Cases:915
Age: 40 to 65 

United  
States

Nurses’ Health 
Study: 

total= 75 521 
female;

cases= 1879; 
age 38 to 
63 years; 

United  
States 

Male health 
professionals, 

Type 2 diabetes 
identified 

through self-
reports and 

confirmed by 
validated sup-

plementary 
questionnaire; 

National 
Diabetes 

Data Group 
(before 1998) 

and American 
Diabetes 

Association 
1997  

(after 1998) 
diagnostic 

criteria

Type 2 diabetes 
identified 

through self-
reports and 

confirmed by 
validated sup-

plementary 
questionnaire; 

National 
Diabetes 

Data Group 
(before 1997) 

and American 
Diabetes 

Association 
1997  

(after 1997) 
diagnostic 

criteria

Type 2 diabetes 
identified 

Age; ethnicity 
(white, 

African-
American, 

Hispanic, and 
Asian); body 
mass index; 

smoking 
status; alcohol 

intake; 
multivitamin 
use; physical 

activity; 
family history 

of diabetes; 
total energy; 
intakes of red 

meat, fruits 
and vegetables, 
whole grains, 

and coffee
 

adjustment 
for age, BMI, 

cigarette 
smoking, 

alcohol intake, 
history of 

diabetes in 
first- degree 

relatives, 
use of multi-

vitamins, use 
of vitamin E 

supplements, 
physical 

activity, and 
total energy 

intake.

adjusted for 
age, body mass 

Salmeron 
et al. (1997)

Liu et al. 
(2000)

Van Dam et 
al. (2002)

Van Dam  
et al. (2002)
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Hodge  
et al. (2004)

Villegas et 
al. (2007) I

Person-years: 
466 508

Follow-up: 
4 years; 

Person-years 
129 190

Same 
as above

Follow-up: 
5 years;

Person-years
297 755 

 total= 42 
504 males

cases=    1321 
cases 

aged 40 to 
75 years 

US

Melbourne 
Collaborative 
Cohort Study: 

total=31 641;
 cases=365; 
male and 
female; 

age 40-69 
years; 

Melbourne, 
Australia

Same  
as above

Shanghai 
Women’s 

Health Study:
 total=64 191; 
100% female;
cases=1608; 

 age 40-70 

of  refined 
grains. 

assessed 
by FFQ 

consisting of 
131  

food items. 

White bread 
intake 

assessed 
by FFQ 

consisting 
of 121 food 

items. 

Intake 
of starch 
assessed 
by FFQ 

consisting 
of 121 food 

items. 

White rice 
assessed 
by FFQ 

consisting 
of 77 food 

items.

 
Q1: 1.0 

(referent); 
Q2:0.66 

(0.44–0.99);
Q3: 0.95 

(0.67–1.35); 
Q4: 1.13 

(0.86–1.50)

100 g/
day: 1.52 

(1.09–2.11)

Q1:1.0 
(referent);

 Q2: 1.04  
(0.86 to 1.25); 

Q3: 1.29  
(1.08 to 1.54);

Q4: 1.78  

through a 
validated sup-

plementary 
questionnaire 
and confirmed 

by the 1985 
World Health 
Organization 

criteria

type 2 diabetes 
identified 

through self-
reports; 83% 

(303/365) cases 
confirmed 
by medical 

practitioners

Same  
as above

type 2 diabetes 
identified 
through 

self-reports; 
American 
Diabetes 

Association 

index,  total 
energy intake 
(quintiles), and 

time period, 
physical 
activity), 
cigarette 
smoking, 

alcohol 
consumption, 

ancestry 
(Northern 
European, 
Southern 

European, 
or other), 

hyperchol-
esterolemia, 

hypertension, 
and family 
history of 

type 2 diabetes 
mellitus.

Age, sex, 
country of 

birth, physical 
activity, 

family history 
of diabetes, 

alcohol, total 
energy intake, 

education, 5 
year weight 

change, body 
mass index, 
and waist: 
hip ratio

Same 
as above

Age, body 
mass index, 

waist:hip 
ratio, smoking 
status, alcohol 
consumption, 

physical 



https://doi.org/10.46389/rjd-2020-1027 © 2020 The Authors174

Villegas et 
al. (2007) II

Nanri et al. 
(2010) MALE

Nanri et al. 
(2010)  

Female

Sun et al. 
(2010) HPFS 

     
 

Same 
as above

Follow-up: 
5 years;

Person-years
128 330

Follow-up: 
5 years; 

Person-years
168 110 

Follow-up: 
20 years;

Person-years
702 920 

years; 
Shanghai, 

China 

Same 
as above

Japan Public 
Health 

Center-based 
Prospective 

Study: 
total=25 666;  
100% male;
cases=625; 
 age 45-75 

years; 
Japan

Japan Public 
Health 

Center-based 
Prospective 

Study: 
total=33 622; 
100% female

cases=478;
 age 45-75 

years; 
Japan 

Health 
Professionals 

Follow-up 
Study:

 total=39 765;  

Refined car-
bohydrates

White rice 
assessed 
by FFQ 

consisting 
of 147 food 

items.

Same as 
above 

Cooked white 
rice assessed 

by FFQ 
consisting 
of 116-131 

(1.48 to 2.15)

1.28  
(1.09-1.50)

Q1: 1.00 
(referent); 

Q2: 1.24  
(1.00 to 1.55); 

Q3: 1.25  
(0.93 to 1.67);

Q4: 1.19  
(0.85 to 1.68)

Q1: 1.00 
(referent);

 Q2: 1.15  
(0.85 to 1.55);

Q3: 1.48  
(1.08 to 2.02);

Q4: 1.65  
(1.06 to 2.57)

Q1: 1.0 
(referent); 

Q2: 1.09  
(0.96 to 1.24); 

Q3: 1.07  

1997 diagnostic 
criteria

Same 
as above

Type 2 diabetes 
identified 

through self 
reports and 
confirmed 
by medical 

records; Japan 
Diabetes 

Society 1982 
diagnostic 

criteria

Same  
as above 

Type 2 diabetes 
identified 

through self 
reports and 
confirmed 

activity, 
income level, 

education 
level, 

occupation, 
diagnosis of 

hypertension, 
and total 

energy

Same 
as above

Age; study 
area; smoking 
status; alcohol 
consumption; 
family history 

of diabetes 
mellitus; 

total physical 
activity; 

history of 
hypertension; 

occupation; 
total energy 

intake; intakes 
of calcium, 

magnesium, 
fibre, fruit, 
vegetables, 
fish, coffee, 
bread, and 

noodles; 
and body 

mass index

Same  
as above 

Age; ethnicity 
(white, 

African-
American, 

Hispanic, and 
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Sun et al. 
(2010) NHS I 

Sun et al. 
(2010) NHS II 

Golozar et 
al. (2017)

Follow-up 
22 years;

Person-years
1 404 373 

Follow-up 
14 years;

Person-years
 1 210 903 

Follow-up: 
3 years; 
Person-

years: NA

100% male
cases=2648;

age 32-87 
years; 

United  
States 

Nurses’ Health 
Study:

 total=69 120; 
100% female
cases=5500;

age 37-65 
years;

United 
States 

Nurses’ Health 
Study II: 

total=88 343; 
100% female;
 cases=2359; 

age 26-45 
years;

United 
States

 
Tehran Lipid 
and Glucose 

Follow-up 
Study: 

total= 2,173 
male and 
female;

 cases= 81;
aged 20 years 

and above; 
Tehran, 

Iran

food items.

 

Same as 
above 

Same as 
above 

Cooked white 
rice assessed 

by FFQ 
consisting 
of 121 food 

items.

(0.93 to 1.23); 
Q4: 1.30  

(1.12 to 1.50); 
Q5: 1.02  

(0.77 to 1.34)

Q1: 1.0 
(referent); 

Q2: 1.00 
(0.90 to 1.11); 

Q3: 1.07 
(0.96 to 1.20); 

Q4: 1.09 
(0.97 to 1.23);

Q5: 1.11 
(0.87 to 1.43)

Q1: 1.0 
(referent); 

Q2: 0.93 
(0.81 to 1.07); 

Q3: 0.94 
(0.81 to 1.10); 

Q4: 0.95 
(0.81 to 1.11); 

Q5: 1.40 
(1.09 to 1.80)

Q1: 1.0 
(referent); 

Q2: 1.08 
(0.61, 1.92) ; 

Q3: 2.28 
(1.19, 4.37)

by validated 
supp-

lementary 
questionnaire; 

National 
Diabetes 

Data Group 
(before 1998) 

and American 
Diabetes 

Association 
1997  

(after 1998) 
diagnostic 

criteria

Same  
as above 

Same 
as above 

Type 2 diabetes 
identified 
through 

self-reports; 
American 
Diabetes 

Association 
1997 diagnostic 

criteria

Asian); body 
mass index; 

smoking 
status; alcohol 

intake; 
multivitamin 
use; physical 

activity; 
family history 

of diabetes; 
total energy; 
intakes of red 

meat, fruits 
and vegetables, 
whole grains, 

and coffee

Same as above, 
plus further 
adjustments 
for the post-
menopausal 

status, 
hormone 

use, and oral 
contraceptive 

use

Same 
as above 

Age, sex, race/
ethnicity, 

wealth score, 
education, 

marital status, 
employment 

status, opium, 
alcohol, 

occupation, 
physical 
activity, 

smoking, daily 
meat intake 

and daily 
calorie intake 

and body 
mass index.
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Sun et al. [27], who examined the association between 
the consumption of white and brown rice, and the 
risk of T2DM. A positive association was established 
between the intake of white rice in large amounts (≥ 5 
servings/week vs. ≤ 1 serving/month) and the increased 
incidence of T2DM (pooled RR = 1.17, 95% CI: 1.02–1.36). 
By contrast, brown rice consumption was associated 
with a lower risk of T2DM (pooled RR = 0.89, 95% CI: 
0.81–0.97) when comparing ≥ 2 servings/week vs. ≤ 1 
serving/month. 
 Sun et al. [27] observed a 16% decrease in the 
risk of T2DM (95% CI: 9.00-21.00%) in all three cohorts 
when 50 g/day of white rice intake was replaced with an 
equal quantity of brown rice. Thus, T2DM was linked 
to the regular consumption of white rice, indepen-
dent of ethnicity, lifestyle, or even dietary risk factors 
for T2DM, and the recommendation was that carbo-
hydrate intake should be in the form of wholegrains, 
rather than refined grains. These results are especially 
meaningful in the context of dietary choices and reduc-
ing T2DM risk.
 Similarly, in a study set in Japan, Nanri et al.  
[28] observed a positive correlation between white rice 
intake and the risk of T2DM in both men and women. 
In particular, a strong association was identified be-
tween the increased consumption of white rice and 
risk in Japanese women (OR = 1.65, 95% CI: 1.06–2.57, 
p = 0.005) for the highest vs. the lowest quartiles in the 
multivariate-adjusted model. This association was also 
found in men, but it was not significant (p = 0.080). 
Thus, the link between dietary patterns and the risk of 
T2DM, although strong, has not been shown to be ab-
solute. Additional factors may influence risk levels in 
significant ways. 
 Lastly, the study by Golozar et al. [29] investi-
gated an association between white rice intake and the 
incidence of T2DM. The study setting was Iran (Tehran 
and Golestan) owing to the fact that “Iran is the thir-
teenth largest white rice consumer worldwide, with 
an average annual per capita consumption of approx-
imately 34 kg” [29, p.2]. Once again, a positive associa-
tion between white rice intake and the T2DM risk was 
identified in Tehran (OR = 1.01, 95% CI: 0.58–1.75), but 
no such association was observed in Golestan [29]. In 
Tehran, 250 g/day consumption was associated with a 
significant incidence of T2DM, which doubled with an 
intake of ≥ 250 g/day (OR = 2.08, 95% CI: 1.10–3.91). This 
could be elucidated by the fact that the daily intake of 
white rice is higher in Tehran than in Golestan (median 

daily intake of 250 g vs. 120 g in Tehran and Golestan, 
respectively; p = ≤ 0.001) [25]. Thus, a high white rice in-
take was linked to an increased risk of T2DM. Further 
research is warranted to explore the lack of a defini-
tive association between lower white rice intake levels  
and T2DM. 

Quantitative synthesis 

 In the meta-analysis, data were used from 8 
prospective cohort studies, including 13 datasets, con-
taining a total sample of 487,719 male and female par-
ticipants aged 20 years and above (21-25; 33–35). In the 
systematic review, the random-effects model used for 
the included studies indicated a positive link between 
refined carbohydrate consumption and the increased 
incidence of T2DM (pooled relative risk [RR] = 1.33; 
95% confidence interval [CI] = 1.18–1.48), with mod-
erate heterogeneity (I2 = 57%) of a non-practical type 
(Figure 2).
 Asian populations were found to be at a higher 
risk of T2DM than those in the West. After conducting 
a subgroup analysis, there was a relatively stronger as-
sociation amongst Asians (RR = 1.51; 95% CI = 1.22–1.86) 
compared to Western populations (RR = 1.22; 95% CI 
= 1.10–1.37; see supplementary Fig. 3). Studies with a 
smaller sample size may have biased this association; 
therefore, secondary analyses were conducted that 
excluded such studies (Golozar et al’s and Salmeron et 
al’s studies; see supplementary Figure 4). There was a 
slight decrease in the relative risk (pooled RR = 1.29; 95%  
CI = 1.16–1.44), but the association between the con-
sumption of refined carbohydrates and incidence  
of T2DM was still significant, which confirmed that 
the results of those two studies did not drive the pooled 
effect.

Exploration of heterogeneity and publication bias

       A gross asymmetry can be seen in the Doi and fun-
nel plots with a paucity of higher effect studies (supple-
mentary Figure 4). This asymmetry is likely due to the 
effects of small studies or to the heterogeneity across 
the studies included.

Discussion

 The findings from this systematic review and 
meta-analysis study showed a significant association 
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between the consumption of diets high in refined car-
bohydrates and an increased incidence of T2DM. How-
ever, Asians were found to be at a higher risk of T2DM 
compared with the Western population. The relative-
ly higher risk among Asians could be due to the fact 
that refined carbohydrates, particularly white rice, 
are dietary staples among the Asian population [30]. 
For each serving of refined carbohydrates per day, the 

risk of T2DM increased by 33% in the overall popula-
tion.  This study’s findings are based on prospective 
cohort studies and a more rigorous methodology that 
involved the full adjustment of all confounders. After 
bias adjustment, the strong association between the 
high consumption of refined carbohydrates and the 
risk of T2DM remained. The results of this study also 
concur with the systematic review and meta-analysis 

Figure 2: The forest plot of the random-effect model examines the effect of refined carbohydrates intake on the incidence of T2DM.

Figure 3: The forest plot of the random-effect model examines the effect of refined carbohydrates intake on incidence of T2DM 
using subgroups analysis.

Figure 4: Funnel plot (left) and Doi plot (right) suggest gross publication bias favoring the positive effects.

Rom J Diabetes Nutr Metab Dis. 2020; volume 27, issue 2
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of Hu et al. that examined the association of refined 
carbohydrates, more specifically white rice, with the 
incidence of T2DM [20]; however, the present study 
found an even stronger association than that previous 
study (RR:1.11, 95%; CI: 1.08–1.14). Furthermore, the in-
clusion of 8 studies in the meta-analysis compared to 4 
studies by Hu et al. makes it more strong and reliable.

Conclusion

 The systematic review and meta-analysis of 
the prospective cohort studies suggest that the high 
consumption of refined carbohydrates predicts the de-
velopment of T2DM. The variety of studies considered 
and their various contexts mean that this finding is 
conclusive. Furthermore, as dietary guidelines strive 
to reflect optimal dietary health information, this find-
ing should be further incorporated into guidelines.
Additional primary research and review of studies are 
necessary to understand this correlation better. Nota-
bly, the intersection between food groups and dietary 
patterns, as opposed to individual foods, must be ex-
plored further in order to thoroughly comprehend the 
significance of refined carbohydrates in a variety of di-
etary contexts.
 With the influence of globalization, the 
spread of Western eating patterns and, subsequently, 
increased T2DM risk is expected to grow worldwide. 
However, T2DM risk is also observed in many nations 
where the primary cultural diet contains refined car-
bohydrates as a primary energy source, particularly 
white rice. Therefore, while the Western diet has been 
found to influence this disease risk, improved informa-
tion about their risk and access to this information is 
needed worldwide.
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Introductory Remarks

 It can seem strange for the most of the health 
care professional from the western countries (and Aus-
tralia) that, in the second decade of the XXI century, some 
of us are trying to convince regulatory bodies from our 
country (and from other countries from Eastern Europe) 
that podiatry, as a job, has an essential and time-honored 
place in the panel of the health care dedicated jobs. 
 Foot care is a job with documented roots in An-
cient Egypt and has a rich history, from “corn cutters” 
to “chiropody”, “podology” and reaching today to the 
worldwide recommended name “podiatry” and the 
degree of Doctor in Podiatric Medicine in the US (the 
equivalent of MD in the US). Some of the cornerstones 
of this long history are Paul of Aegina who in the VIIth 
century has given the first definition of “corn”, con-
tinuing with Nicolas Laurent Laforest, the author of 
the first textbook dedicated to foot care (” Art de Soign-
er les Pied”, 1781), with special persons as Isachar Zach-
arie, Abraham Lincoln’s “foot doctor”, a close friend 
and confidant and mainly the year 1895 when “The 
Pedic Society Incorporated”, the first officially recog-
nized association of professionals dealing with foot 
care, was founded in New York. In 1912, the Society of 
Chiropodists was established in the UK, the first one of 
this kind in Europe. In 1947, ten podiatry organizations 
founded the International Federation of Podiatrists, 
which later became the International Federation of 
Podiatrists - Federation Internationale des Podologues 
(IFP-FIP); at this time, more than 30 organizations 

from more than 30 countries are spread over six con-
tinents (https://www.fip-ifp.org/fip-ifp/). In 2019, IFP-
FIP gave the actual worldwide accepted definition of 
podiatry which is “that profession of health sciences 
concerned with the research, prevention, diagnosis 
and treatment of deformities, pathologies and injuries 
of the foot and associated structures – in relation with 
the body as well as the manifestations of systemic dis-
eases – by all appropriate systems and technologies us-
ing scientific and professional specialized knowledge”. 
For my further argumentation, it is important to men-
tion the year 1991 when the first International Sympo-
sium on the Diabetic Foot was organized in Noordwi-
jkerhout, Netherlands (in 1995, at the second edition of 
this International Symposium, I was honored with a 
poster prize).
 All this wave of accelerated development of 
foot care in the XXth century, in the US, Western Eu-
rope, Canada, and Australia has barely touched our 
country (and other Eastern European countries). The 
first important and significant step forward was the 
publishing of the book “Gangrena Diabetică” by Prof. 
Gheorghe Băcanu in 1973 by the Facla publishing house, 
Timișoara. The small booklet for patient education, 
“Piciorul Diabetic”, published by my past distinguished 
colleague Dr. Nicolae Mosora must also be mentioned. 
In 1997, we succeeded in opening in our Diabetes Cen-
ter and Clinic, the first medical office dedicated exclu-
sively to the care of the diabetic foot, and shortly after, 
the same office was opened at the National Institute of 
Diabetes in Bucharest. In the same period, Prof. Con-
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stantin Ionescu-Târgoviște tried to include the topic of 
diabetic foot in his BlackSeeDiab initiative.

Arguments for Podiatry as a Must for our Healthcare 
System

• The long experience of other countries demonstrated 
beyond any doubt that the professionals who are “tra-
ditionally” dealing with foot care, either do not have 
enough time (medical doctors such as orthopedists, 
surgeons, diabetologists, dermatologists) or they do 
not have the needed expertise (pedicurists, physiokine-
totherapists) to face the high and increasing number of 
patients and with the increasing complexity of the foot 
and lower limb problems. This statement is supported 
by the fact that in the countries with a long tradition 
of podiatry, a long list of podiatry subspecialties has 
emerged (e.g., Reconstructive Foot and Ankle Surgery, 
General Podiatric Physician, Podiatric Medical Phy-

sician, Podiatric Orthopedic, Podiatric Sports Physi-
cians, High-Risk Wound Care, Podiatric Rheumatology, 
Neuro-podiatrist, Onco-podiatrist, Podiatric Vascular 
Specialist, Dermatological Podiatrist, Gerontological 
Podiatrist, Podopediatrics, Forensic Podiatry) [1].
• Diabetes and diabetic foot (one of the most frequent 
and invalidating diabetes complications) are widely ac-
cepted at this moment as important challenges for pub-
lic health systems all over the world [2]. 
• The diabetes prevalence in our country is one of the 
highest in Europe, reaching 12.4% in the adult popula-
tion [2].
• In a nationwide epidemiologic multiannual study on 
the frequency of diabetes-related lower limb amputa-
tions [3], we found out that this is a real an increasing 
burden for our healthcare system (Figure 1).
• We have also found that the regional distribution  
of diabetes-related lower limb amputations has a  
fairly wide and hard to be explained distribution 
(Figure 2).

Figure 1: Multiannual trend in lower limb amputations in Romania (2006-2010).

Figure 2: Regional distribution of diabetes-related lower limb amputations in Romania.
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Figure 4: The estimated annual direct costs of diabetic limb complications in comparison to the annual direct costs of the five 
most costly cancers in the United States (adapted after [4]). 

• A linear correlation has been demonstrated [4] be-
tween the quality of life and healthcare costs along the 
way from risk for foot ulceration to limb amputation 
(Figure 3).
• In another study [5], we have done a Morkov simu-
lation based on the epidemiological data on diabetic 
foot from our country and EURODIALE study data [6]. 
One of the results of this simulation showed that the 
5 years’ direct costs of unhealed ulcers in Romania is 
around 350,000,000€. It is worth to be mentioned that 
the costs of diabetic foot care are among the highest in 
countries with advanced healthcare systems (Figure 4).
• The most recent guidelines of the International Work-
ing Group for Diabetic Foot emphasize the fact that the 
podiatrist is one of the most important members of the 
foot care team [7].

• My last but not the least argument is that we have 
made the first steps for introducing “Podiatry” as a 
well-defined occupation in our country by the foun-
dation of Romanian Association of Podiatry in 2015, 
by organizing three annual editions of the National 
Congresses on Podiatry (with important international 
opinion leaders participation), by initiating continuing 
medical education (CME) activities for nurses and ob-
taining in 2019  the official recognition of podiatry as an 
occupation in our country. 
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Figure 3: The correlation between quality of life and healthcare costs for diabetic foot complications. (adapted after [4]).
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