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Abstract

Background: Various studies have shown that diabetes and its complications are associated with vitamin D
deficiency. Due to the possible role of vitamin D in reducing the complications of diabetes and the high
prevalence of its deficiency in lIran, this study was designed to investigate the effect of vitamin D
supplementation on anthropometric indices and dietary intake of patients with type 2 diabetes.

Methods: This randomized clinical trial (RCT) study was performed on 74 patients with type 2 diabetes (T2DM).
Patients randomly divided into two groups to receive vitamin D (VD) supplementation (100 ug or 4000 1U/day)
or placebo for three months, randomization was based on the permutated-block method. Anthropometric indices
including body weight (BW), body mass index (BMI) and waist circumference (WC) and physical activity,
dietary intake were assessed by validated methods at the beginning and end of the trial.

Results: VD supplementation had not any significant differences in anthropometric indices, dietary intake and
physical activity between the two groups.

Conclusions: Finally, it can be concluded, receiving 100 micrograms/day of VD for three months had no
favourable effects on patients with T2DM..

Keywords: Anthropometric indices, Diabetes Mellitus, Dietary intake, Vitamin D.

Introduction

Diabetes is a group of metabolic disorders caused
by complex reactions that occur between genetic
factors and environmental factors. In diabetic
patients, blood sugar rises, and chronic
hyperglycemia by activating various cellular
pathways causes damage to various organs,
especially the eyes, heart, and kidneys (1). Type 2
diabetes, which is characterized by a combination
of abnormal insulin secretion and increased insulin
resistance, is responsible for more than 90 percent
of adult diabetes. Because the progression of this
type of diabetes is gradual and hyperglycemia
develops gently, some patients with this type of

diabetes are unaware of their disease for years, and
this lack of awareness causes these patients to be
more exposed to the vascular complications of
diabetes (2). The global prevalence of diabetes in
2015 was reported to be 8.8% and is estimated to
reach 10.4% by 2040. The prevalence of diabetes
in the urban population is significantly higher than
in the rural population, and this finding indicates
the important role of lifestyle in the occurrence of
this chronic disease. Diabetes and its side effects
impose a lot of medical costs on countries so that
between 5 and 12% of their total annual medical
budget is spent on controlling diabetes. Currently,
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75% of people with diabetes live in low-income
and middle-income countries, and the highest
growth rate is expected in the coming years. The
World Health Organization considers diabetes to
be the most common endocrine disease in the
world, causing 5 million deaths worldwide each
year (3). According to the International Diabetes
Federation (IDF), by 2030, Iran will become one
of the most populous regions in the world in the
field of diabetes (4). Also, the prevalence of
diabetes in Iran is significantly higher than in
neighboring countries such as Turkey and
Pakistan, in other words, the prevalence of
diabetes in Iran after Arab countries (5).
Designing a proper diet for each person with the
participation of the individual, which includes
healthy food choices and controlling the number
of calories received, is one of the useful nutritional
interventions in these patients. Recommendations
such as controlling total carbohydrate intake
(carbohydrate counting), consuming whole grains
and  fiber, receiving omega-3  and
monounsaturated fatty- acids and limiting food
intake with a high glycemic index, limiting the
intake of saturated and trans-fatty acids, can lead
to the development of diabetes and prevent its side
effects (6-8). Vitamin D was initially thought to
play a role only in bone health, and its deficiency
leads to bone abnormalities such as rickets in
children, osteomalacia, and osteoporosis in adults
(9). But today, other functions such as regulating
immune function, regulating cell division and
differentiation, inhibiting angiogenesis and
proliferation of smooth muscle cells in the
vascular wall, inhibiting beta growth factor in
blood vessels (inhibiting vascular fibrosis) and
regulating the renin-angiotensin system are
considered for this vitamin (10, 11, 12). Vitamin
D deficiency has also been linked to many
diseases, such as diabetes, depression,
autoimmune diseases, cardiovascular disease, and
cancer (9). Vitamin D, both through food and
light in the blood, is transported by the protein-
bound to vitamin D (and to a lesser extent by
albumin about 10 to 15%) and goes to the liver.
So far, a number of studies have examined the
link between vitamin D and diabetes, and it has
been shown that there is a direct relationship
between diabetes and vitamin D deficiency.

Vitamin D plays an important role in regulating
insulin secretion (which is a calcium-dependent
process) and glucose homeostasis. Vitamin D
deficiency reduces glucose transporters. In
addition, vitamin D deficiency is associated with
increased fat mass and obesity, which is an
important factor in insulin resistance and type 2
diabetes. Vitamin D is also involved in regulating
the immune system (13).

In 2012, in a large population study in Australia
Ganyon et al. found a significant association
between vitamin D deficiency and a 5-year risk of
metabolic syndrome and diabetes. In statistical
analyzes, the effects of disruptive factors such as
age, sex, race, season, latitude, smoking, family
history of diabetes, physical activity, education,
body mass index were eliminated. The researchers
concluded that in Australian adults, low serum
levels of vitamin D were associated with a five-
year risk of developing metabolic syndrome and
increased waist circumference, triglycerides,
fasting sugar, and insulin resistance (14). Two
reviews review and meta-analyses of the link
between vitamin D and diabetes were conducted
and published last year. In 2013, Green ova et al.
found that lower levels of vitamin D were
associated with obesity, high blood sugar, and
decreased insulin sensitivity. Therefore, the
authors concluded that vitamin D deficiency is a
risk factor for obesity and insulin resistance (15).

Materials and Methods
Compliance with ethical standards
The present study was approved by the Ethics
Committee of biology, Science and Research
Branch, Islamic Azad University Tehran, Iran. The
research was recorded on the Iranian Web site for
registration of clinical trials (http: /Awww.irct.ir
IRCT20170813035665N2).

In this study, 74 patients were enrolled to trial
and randomly divided to two groups (37 in the
intervention group and 37 were in the placebo

group).

Demographic information

the gender, age, job status, education status, marital
status, and drug history such as dose of metformin
colloidal mud and aspirin) were collected at the
beginning of intervention.
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Anthropometric indices

Bodyweight (BW), body mass index (BMI) and
waist circumference and height of participants
were measured by validated methods. The height
was measured in a standing position without shoes,
heels attached to the wall and a straight head using
a tape measure with an accuracy of 0.5 cm. Each
patient weighed lightly without shoes and used the
digital scale Seca with an accuracy of 100 g in the
morning and on an empty stomach. The waist
circumference was measured in the middle of the
last rib and the lower extremity bone with minimal
clothing by the non-elastic band meter. Body mass
index was calculated based on the standard
formula.

Dietary assessment

Dietary intakes were assessed using a 24-hour
questionnaire at the beginning and end of the trial.
Patients were asked to state their dietary status
within 3 days (2 consecutive days and one day off).
The values were then converted to hot using a
home scale guide and finally analyzed by NUT4
software.

Physical activity assessment

The International Physical Activity Questionnaire
(IPAQ) was used to assess the level of physical
activity among participants. This questionnaire
was completed at the beginning and end of the
intervention. Using this questionnaire, which
includes 7 short questions about the duration and
number of days of the week that deal with
moderate or heavy activity as well as walking and
sitting time, collect the amount of physical activity
performed other than daily activities during the
past 1 week. The amount of physical activity was
calculated as quantitative data by considering the
coefficients related to the activity and recorded as
MET. MET coefficients were calculated for
walking 3.3, average activity 4, and heavy activity
8, and these coefficients were multiplied by the
minute and the number of days performed during
the activity week, and its total as physical activity
in the week was set.

Statistical methods
All of the analysis was performed with 25 SPSS
statistical software and mean, and standard
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deviation were used to describe the data. Using the
Kolmogorov-Smirnov test, the distribution of data
was normalized. If the data is not normal, the
variable conversion method was used to normalize
the data. Medium (standard deviation) was used to
describe quantitative data and frequency
(percentage) was used for qualitative variables. An
independent t-test was also used to compare the
mean quantitative outcomes between the two
groups. The Kai Square test was also used to
compare qualitative factors between the two
groups. ANCOVA statistical test was used to
remove the effect of disruptive variables. The
variable value of metformin, which was
significantly different between the two groups at
the beginning of the study, was considered as the
distorter variable. Also, for comparison, a
significance level of p< 0.05 was considered for all
analyzes.

Results

As can be seen in Table 1, the average age in the
vitamin D group is 51.7 7 4.7 and the average age
in the placebo group is 52.6 68 5.68. Based on the
independent t-test, this difference between the
two groups was not significant (p=0.4). Based on
this, it can be said that the age variable was similar
between the two groups and is not considered as
a distorting variable. About 17% of the education
level in the vitamin D group and 8% of the
patients in the placebo group are undergraduate
education, 56% of the patients in the vitamin D
group and 52% in the placebo group have a
diploma and postgraduate education, 26% in the
vitamin D group and 39% in the bachelor's degree
group. And they were higher. According to the
statistical test of Kai Square, this difference was
not significant (p= 0.5). Based on this, it can be
concluded that the level of education variable was
similar between the two groups and was not
considered as a disruptive factor. In terms of job
status, 60% of patients were in the vitamin D
group and 65% were employed in the placebo
group, and 39% of those receiving vitamin D
supplementation and 34% of those taking the
placebo were unemployed. According to the
statistical test of Kai Square, this difference was
not significant (p= 0.7). Therefore, it can be
concluded that the job situation between the two
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groups is similar and is not considered a
disruptive factor. The duration of diabetes (since
the diagnosis) was based on an independent t-test
between two similar groups and did not differ
significantly (p= 0.3) and was not considered as
a disruptive agent. Of the patients' medications,
only the amount of metformin used between the
two groups was significantly different (p= 0.01)
and was considered as a distorting variable. In
the vitamin D receptor group, 52% of the
patients and in the placebo group, 47% were
female patients, which was not significant based

on the chi-square statistical test (p= 0.7).
Physical activity was recorded at the beginning
and end of the study using the IPAQ
questionnaire and became the metabolic
equivalent (MET). As shown in the table before
and after the intervention, there were no
statistical differences in physical activity
between the two groups (p< 0.05) and
participants did not significantly change their
level of physical activity during the study (p<
0.05) Table 2.

Table 1. Baseline characteristics of patients in VD and placebo groups.

. Placebo Vitamin D p
Variable (N=237) (N=37) value
Female (2.52) 12 (84711 0.70®
Sex
Male (0.747) 11 (2.52) 12
Age (year) 7.4+51.30 5.6+52.40 0.4°
Diabetes duration (year) 0.62+0.75 0.92+0.76 0.3°
Ee?iwggyee, self-employment, 14 (60) 15 (65)
Job status 082
Homeless and unemployed 9(39) 9(34)
Under diploma 4(17) 2(8)
Education Diploma and Postgraduate 13 (56) 12 (52) 0.50*
status
Bachelor's degree and higher 6 (26) 9(39)
Single 3(13) 3(13) 0.90°
Marital status
Married 20 (87) 20 (87)
Metformin (mg/day) 2.274+1065 4.253+1282 0.10°
Drug history Clay (mg/day) 8.36+2.70 1.29+1.73 0.7°
Aspirin 10 (7.47) 11 (9.52) 072

2 Chi-square test.
® Independent t-test.

The values of the qualitative variables are as number (percentage).
The values of the quantitative variables are on meanzstandard deviation (SD).

Significant levels were considered less than p-value< 0.05.
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Table 2. Physical activity of patients in VD and placebo groups.

Placebo

Variable Vitamin D (N=37) (N=37) p-value
Low Before 12 (52.1) 17 (73)

Medium Before 10 (43.7) 6 (26.1) 0.20
Severe Before 1(4) 0(0)

Low After 12 (52) 15 (65) 0.30
Medium After 11 (47) 8(34) '

Due to the small number in the intense physical activity group, the moderate and severe groups merged, and the merged p-value

was considered.

The data are expressed as numbers and percentages.
Significant levels were considered less than p-value< 0.05.
P-value based on Chi-square

Patients were compared for daily intake of
energy, carbohydrates, protein, and fat at the
beginning and end of the study (using the 24-hour
questionnaire). As can be seen in Table 3-4, the two
groups were not significantly different in terms of
mean energy, fat, protein, and carbohydrate intake
at the beginning and end of the study (p< 0.05).
Also, in comparing the beginning and end of the
groups, there was no significant difference in terms
of average energy, carbohydrate, protein, fat
and carbohydrate intake (p< 0.05) Table 3. and
these findings show that participants in both

groups as They were asked not to change their
diet. In addition, the findings on micronutrient
intake in the two groups were shown in Table 4-
5 based on the 24-hour questionnaire. As can be
seen in Table 4 and Table 5, the two groups did
not have a statistically significant difference in
the mean intake of micronutrients at the
beginning and end of the study (p< 0.05). Also,
in comparing the beginning and the end of the
groups, no statistically significant difference was
observed in terms of the average intake of
micronutrients (p< 0.05) Table 4.

Table 3. Macronutrient intake of patients in VD and placebo groups.

Vitamin D

Placebo

Variables (N=37) (N=37) p-value °
Before 1797.3+331.2 1790.9+277.8 0.7
Energy (kcallday) After 1766.9+325.7 1746.7£342.7 0.6
Changes -6.2+156.9 -20.97+146.4 0.7
P-value © 0.8 05
Before 241.8+44.1 255153.6 0.3
carbohydrate After 247.5+46.9 250.7+49.3 0.8
(gr/day) Changes 5.6+43.3 -4.4+66.2 05
P-value ¢ 05 0.7
Before 55.8+12.4 59.7+12 0.2
Protein (gr/day) After 58.7+11.3 59+17.2 0.7
Changes 2.80+12.2 -70£17.2 0.2
P-value ¢ 0.2 0.8
Before 68.8+16.5 715+17.3 0.6
Fat (gr/day) After 65.3+16.9 68.9+16.5 04
Change 3.2+28.7 -2.7+19.7 0.9
P-value ¢ 0.55 0.51

®P- value based on Independent t-test.
¢P-value based on Paired t- test.

Significant levels were considered less than p-value< 0.05.
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Table 4. Micronutrient intake of patients in VD and placebo groups.

Variables Vitamin D Placebo p-value®
(N=237) (N=37)
Before 75.9+39.1 96.5+44.5 0.2
Vit C (g1) After 79.9+43.1 84.67+39.6 0.7
Changes 17.6+3.9 -11.8+14.8 0.2
p-value® 0.7 0.1
Before 13.2+4.3 11.4+3.4 0.1
VitE (g After 14.645.1 135+7.1 0.5
Changes 44+14 6.1+2.07 0.7
p-value® 0.13 0.12
Before 0.059+0.038 0.032+0.042 0.1
Se (mg) After 0.029+0.05 0.038+0.043 0.5
Changes 0.005+0.009 0.008+0.001 0.3
p-value® 0.1 0.9
Before 0.43+0.51 0.42+0.53 0.8
Vit D (ug) After 0.42+0.48 0.27+0.49 0.9
Changes 0.3+-0.03 0.28+-0.04 0.8
p-value © 0.5 0.4
Before 661+188 602+117.1 0.2
Ca (mg) After 6731160 607+124 0.1
Changes 102.5+10.5 98.03+4.10 0.8
p-value © 0.6 0.9
b Independent T-Statistical Test.
¢ Paired T-Statistical Test.
Significant levels were considered less than p-value< 0.05.
Table 5. Anthropometric indices of patients in VD and placebo groups.
Variables Vitamin D Placebo p-value®
(N=37) (N=37)
Before 0.8+73.7 0.8+74.7 0.7
. After 9.7473.2 1.3+0.22 0.6
Weightka)  ~ange 1.7+047 13+0.22 05
p-value® 0.2 0.4
Before 1.4+26.8 1.6+27.5 0.6
) After 1.3+26.6 1.7427.3 0.3
BMIKOM)  ~hanges 0.06+05 0.06+05 0.9
P-value® 0.6 0.4
Before 7.4+96.6 8.5+97.2 0.8
After 7.5+96.5 8.4+98.1 0.8
WC (em) Change 01207 0.2+1.03 0.7
p-value® 04 0.3

® P-value based on Independent T-test.
¢ P-value based on Paired t-test.
Significant levels were considered less than p-value< 0.05.

Table 5 shows the mean and standard
deviation of the variables related to height,
weight, and waist circumference and body mass
index at the beginning of the study and at the end
of the study in the two groups. At the beginning
of the study, tonometry data did not show a

significant difference between the two groups. In
both groups, the mean body mass index before
and after the study was in the overweight range.
Comparison between the group and intragroup
did not show a statistically significant statistical
difference after 12 weeks of intervention (p<
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0.05). Comparison of the mean changes was also
not significant for the findings of the survey
among the studied groups (p< 0.05).

Discussion

The results of this study showed the level of
physical activity did not differ between the two
groups studied before and after the intervention.
Also, there were not significantly differences in
terms of average energy intake, macronutrients
and micronutrients. In interpreting this finding, it
should be noted that due to the high number of
entry criteria and non-entry into the study, the
selected patients were similar in most variables
and did not have statistically significant
differences. According to these findings, the
second hypothesis of the study is also confirmed.
Therefore, the variables of physical activity level
and average energy intake are not considered as
disruptive factors of the study. Also, based on the
findings of the present study, the mean weight,
waist circumference and body mass index
between the two groups were not statistically
significant at the beginning of the study.

In its interpretation, it can be said that the
similarity of the selected diabetic patients
according to the various criteria for entering the
study can be the reason for the lack of difference
between the measurement indicators at the
beginning of the study. In addition, based on our
result, the mean weight changes, waist
circumference and body mass index at the end of
the study were not significantly different between
the two groups, so the hypothesis is rejected.
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