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ABSTRACT

ARTICLE INFO

Keywords: Background: Obesity and insulin resistance has been associated with
Obesity vitamin D deficiency. Many studies have shown that vitamin D deficiency
;Z:Lglfﬁ is associated with increased body weight, impaired glucose tolerance,
Vitamin D insulin resistance, early onset of Type 2 diabetes mellitus (T2DM),
Dietary habits coronary heart disease, mood disorders, and high blood pressure.

Methods: The study was carried out with a total of 170 subjects,
including 121 females and 49 males, aged between 19-65. Individuals’
characteristics, general dietary habits, anthropometric measurements,
biochemical parameters, physical activity and mood status were evaluated
by the researcher.

Results: A total of 170 people with a mean age of 34.96+9.61 years
participated in this study. Of the total participants, 121 were females.
Individuals with a body mass index (BMI) of >25 had higher blood
glucose (mg/dL), insulin (uU/mL), Homa-IR (mg/dL), and HbA1-C (%)
levels and lower plasma vitamin D (ng/mL) level compared to those with
a BMI of <25. It was shown that as the risk of eating disorders increased,
insulin and Homa-IR values of the individuals increased too in direct
proportion and that Homa-IR values were higher in individuals with a
higher risk of depression in direct proportion.

Conclusion: Regarding any body weight management, the people should
be evaluated and followed up in terms of insulin and vitamin D levels,
dietary habits and mood disorders.
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Introduction

Obesity is defined as an excessive and abnormal
increase in body fat enough to impair health. In
a broader sense, it is the increase and growth of
fat cells due to the imbalance between the energy
intake and the energy spent (1). However, in recent
years, the focus is on the region and distribution
of fat in the body rather than its total amount in
the body, and the region and distribution of fat in

the body are associated with the morbidity and
mortality of diseases (2).

The accumulation of excess fat around the
abdominal area and internal organs leads to insulin
resistance. Insulin resistance is the most important
factor in the emergence of type 2 diabetes mellitus
(T2DM), hypertension, dyslipidemia, and coronary
artery diseases caused by obesity (3). It is defined
as the decreased ability of tissues to respond to
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insulin. Insulin inhibits lipolysis through stimulation
by several mechanisms, including increased uptake
of lipoproteins and lipogenesis circulating in
adipocytes due to the deposit of triglycerides in
adipose tissue (4). While this situation results in a
vicious circle between insulin resistance and obesity,
it also explains the relationship between obesity and
dyslipidemia (5).

Recently, obesity and insulin resistance has been
associated with vitamin D deficiency (6). Many
studies have shown that vitamin D deficiency is
associated with increased body weight, impaired
glucose tolerance, insulin resistance, early onset
of T2DM, coronary heart disease, mood disorders,
and high blood pressure (6-8). One study centered
especially on the presence of a bidirectional
relationship between vitamin D and obesity, and
found that each unit increase in BMI caused a 1.15%
decrease in 25(OH)D, level (9).

In addition to all these metabolic diseases,
epidemiological studies have proved that obesity also
causes various mental disorders, and researchers
have concluded that there is a causal relationship
between them (10, 11). Various mood changes,
such as stress, anxiety, and depression, affect the
hypothalamic centers and change the eating behavior,
and therefore, an interaction develops between the
current mental state and the choice, amount, and
frequency of food, independent of physiological
needs (12, 13). On the other hand, several studies
suggested important associations between vitamin
D deficiency and many types of mood disorders,
including especially major depression and seasonal
affective disorder (14, 15).

Materials and Methods

The study was carried out with a total of 170
people, including 121 females and 49 males, aged
between 19-65, who presented to a private clinic
between December 2019 and February 2020 and
accepted to participate in the study voluntarily.
The ‘Informed Consent Form’ was read to the
individuals participating in the study, and they were
asked if they wanted to participate in the study, and
those who wanted to participate voluntarily were
included in the study. The study was approved by
the Baskent University Clinical Research Ethics
Committee (date: December 11, 2019, issue:
KA19/378) (protocol number KA19/123).

To determine the personal characteristics
and general dietary habits of the individuals
participating in the study, a questionnaire containing
multiple choice and/or open-ended questions was
administered through face to face interviews. The
questionnaire form administered aimed to collect

information about the general characteristics (age,
gender, etc.) of individuals and their diseases
diagnosed by a physician.

Participants’ body weight measurements were
taken with a precise weighing scale. Height, waist,
and hip circumference measurements were taken
by the researcher with a non-stretch tape measure.
Based on the measurements, body mass index
value (BMI=[Body Weight (kg)/Height (m?)]) was
calculated. Using a non-stretch tape measure, the
waist circumference of the individuals was measured
through the line passing between the lower rib bone
and the iliac crest, and the hip circumference was
measured at the widest circumference of the hip with
the hip circumference parallel to the floor.

The waist/hip ratio was calculated using the
“waist circumference (cm)/hip circumference (cm)”
formula. BMI, waist circumference, and waist/hip
ratios were evaluated according to the classification
of the World Health Organization (16, 17). Besides,
the body composition of the participants (body fat
(kg), body fat (%), lean tissue mass (kg), and body
water (mL)) were measured with the Bioelectrical
Impedance Analysis device (Tanita Mc 780MA), and
the values were recorded in the questionnaire form
by the researcher. Glucose (fasting), insulin (fasting),
HbAlc (%), Homa-IR, and serum vitamin D levels
of the participants were measured in a private health
institution, and then the values were assessed by the
researchers.

The individuals participating in the study were
also administered for food frequency questionnaire
aiming to collect information about the consumption
frequency of milk and milk products, meat, eggs,
legumes, vegetables, fruit, bread, cereals, fat, sugar,
and sweet drinks. To determine the frequency of
consumption, 8 options, including every meal, every
day, once-twice a week, three-four times a week,
5-6 times a week, one in a fortnight, and once a
month, were defined. This scale was developed and
Turkish validity and reliability study was carried
out by Rakicioglu et al. (18). The data obtained were
analyzed on BEBIS (Nutrition Information System)
software package.

The Eating Attitude Test (EAT) scale that was
developed by Garner (19) and its Turkish validity
and reliability study was carried out by Savas (20)
was administered to measure the eating disorders of
the participants. It was consisted of 40 items and had
a 6-point Likert type rating scale. Individuals who
got 30 points or more from the EAT were considered
at risk for eating attitudes and behaviors. The
International Physical Activity Questionnaire-Short
Form (IPAQ-SF) that was developed by Booth (21)
was used to determine the physical activity levels of

Int J Nutr Sci March 2021;6(1)

15



Muftuoglu et al.

individuals. The Turkish validity and reliability of
the scale was carried out by Oztiirk (22).

The IPAQ-SF was consisted of 7 questions.
The total score was obtained by summing the
duration (minutes) and frequency (days) of walking,
moderate activity, and vigorous activity. The sitting
score (sedentary behavior level) was calculated
separately. In the evaluation of all activities, doing
each activity at least 10 minutes at a time was
taken as the criterion. The minute, day, and MET
value (multiples of resting oxygen consumption)
were multiplied to obtain a score as “MET-minute/
week”. The MET value obtained was analyzed in 3
categories. These categories included the following:
It category: inactive (<600 MET-min/week), 2
category: minimum active (600<- <3000 MET- min/
week), and 3" category: very active (>3000 MET-
min/week).

The Boratav Depression Screening Scale
(Bordepta) that was developed by Boratav (23) was
used to investigate the depression. The Turkish
validity and reliability study of the scale was
conducted by Tasdelen (24). Bordepta is a screening
test with appropriate sensitivity and specificity
percentages. The scale consisted 16 items, and each
item was responded with “Yes” or “No”. Ten of
the items were assigned 1 point for “yes” response
(items 1, 4, 5,7, 8,9, 11, 14, 15, and 16), while 6 of
them were inversed and assigned 1 point for “no”
response (items 2, 3, 6, 10, 12 and 13). The lowest
and highest scores that could be obtained from the
scale were 0 and 16, respectively. The median value
of the sample was used as the cut-off point to create
new comparison groups or to transform continuous
data into categorical data.

The data obtained from the questionnaires were
evaluated on the SPSS software package (Statistic
Package for Social Sciences, version 21.0, Chicago,
IL, USA). In the analysis of quantitative data, the
fit of variables to normal distribution was analyzed
using the Kolmogorov-Smirnov test, and non-
parametric tests were used for data that did not fit
to normal distribution. Mann-Whitney U test was
used for the statistical significance test between two
independent groups, and the Kruskal-Wallis test was
employed for the statistical significance test between
three or more independent groups.

Dunn-Bonferroni test was used in the case of
a statistically significant difference between three
or more independent groups (Dunn-Bonferroni
test is also known as Bonferroni correction). The
Chi-Square test, which is used to test the difference
between the observed and expected frequency
values of the data, was also employed to analyze
qualitatively expressed categorical variables. The

relationship between variables was analyzed using
the Spearman Rho correlation test. p<0.05 was
considered statistically significant.

Table 1 presents data regarding the general
characteristics, health conditions, and dietary habits
of the participants. Accordingly, a total of 170
individuals, including 121 females (71.2%) and 49
males (28.8%) participated in the study. The mean
age of the individuals was 34.96+9.61 years. Also,
88.8% of the participants had chronic diseases, and
the most common disorders among the participants
were insulin resistance (41.1%), vitamin deficiency
(72.2%), high cholesterol (31.1%), and obesity (11.3%).

The evaluation of the data by gender regarding
the anthropometric measurements of the individuals
participating in the study was presented in Table 2.
Accordingly, the mean BMI of females was
25.72+5.9 kg/m?, 21.5% were slightly overweight,
and 11.6% had first degree obesity. The mean BMI
of males was 28.794+4.2 kg/m?, 49.0% were slightly
overweight, and 20.4% were determined to be first
degree obese. The mean waist circumference of
females was 83.98+15.6 cm, 50.4% of them were
classified as normal, and 33.8% of them were found
to be at high-risk.

The mean waist circumference of males was
100.81+13.77 cm, 26.5% of them were classified as
normal, and 44.9% of them had a high-risk waist

Table 1: The general characteristics, health conditions,

and dietary habits of the participants.
Participants (n:170)

n %
Gender
Women 121 71.2
Man 49 28.8
Age (year), X+ SD 34.96+9.61
Chronic diseases
Yes 151 88.8
No 19 11.2
Type of disease™
Insulin resistance 62 41.1
Diabetes 10 6.6
Obesity 17 11.3
Vitamin deficiency 109 72.2
High cholesterol 47 31.1
Hypothyroidism 15 9.9
Hypertension 6 4.0
Iron deficiency 16 10.6
Polycystic ovary syndrome 15 9.9
Other diseases (Asthma, 2 1.4
Vertigo)

*Percentage Calculation Mode for Multiple Select Type
Questions.
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Table 2: The evaluation of data on anthropometric measurements of the participants by gender.

Women (n=121) Men (n=49)

n Y% n Y%
BMI (kg/m?)
<18.5, underweight 3 2.5 0 0
18.5-24.99, normal 69 57.0 8 16.3
25.0-29.99, overweight 26 21.5 24 49.0
30.0-34.99, Obesity class 1 14 11.6 10 20.4
35.0-39.99,0besity class 11 9 7.6 7 14.3
BMI, X+SD 25.72+5.9 28.79+4.2
Waist circumference (cm)
Normal (man <94, woman <80) 61 50.4 13 26.5
Risk (man >94, woman >80) 23 19.0 14 28.6
High risk (man >102, woman >88) 37 30.6 22 449
Waist circumference, X +SD 83.98+15.6 100.81£13.77
Waist/Hip ratio (cm)
Normal (man <0.90, woman <0.85) 82 67.8 12 24.5
Risk (man >0.90, woman >0.85) 39 322 37 75.5
Waist/Hip ratio, X £SD 0.81+0.06 0.94+0.05
Body fat (%), X +SD 29.77+7.2 23.97+5.83
Fat tissue (kg), X £SD 21.66+10.0 22.63+8.9
Lean body mass (kg), X£SD 47.91+6.94 68.52+8.7
Body water (mL), X +SD 33.98+4.6 48.41£7.38

Table 3: Energy and macronutrient intake of the participants according to their BMI values.

Energy and BMI<25 BMI>25 p value*
Nutrients Median IQR? Min Max Median IQR* Min Max

Energy (kcal) 1610.91 373.28 107547 224498 1808.46 473.14 889.63 2558.74 0.002*
Carbohydrate (g) 117.59 34.86 56.10 199.72 129.53 48.22 4872 19627 0.084
Carbohydrate (TE%) 29.00 5.00 20.00 48.00 29.00 4.50 10.00  40.00 0.817
Protein (g) 60.00 10.26 44.39 82.41 68.26 16.39  38.17 102.34 0.001*
Protein (TE%) 15.00 3.00 11.00 20.00 15.00 3.00 12.00 25.00 0.144
Fat (g) 100.92 31.51 48.31 14791 122.72 3299 42.87 16529 0.006*
Fat (TE%) 55.00 5.00 39.00 63.00 55.00 4.00 4300 72.00 0432
Monounsaturated 50.17 14.35 19.28 80.81 53.36 13.85 16.80 7820  0.066
fatty acid(%)

Polyunsaturated fatty 10.26 3.81 6.26 20.55 11.42 5.06 3.82 28.21  0.050*
acid (%)

Saturated fatty acid ~ 32.47 10.32 18.52 50.28 39.00 12.07 1553 5747  0.001*
(%)

Fiber (g) 20.50 6.23 8.97 28.64 22.64 8.04 10.27 3593  0.047*

*p<0.05, “IQR: Inter Quantile Range, BMI: Body mass index, Min: Minimum, Max: Maximum.

circumference measurement. Besides, the waist/
hip ratio of females was 0.81+0.06 cm, 67.8% was
classified as normal, and 32.2% were risky. The
males had a mean waist/hip ratio of 0.94+0.05
cm, and 75.5% had a risky waist/hip ratio. In the
study, while the mean fat percentage of females was
29.77%, this ratio was 23.97% in males. The mean
lean tissue mass and body water values of the females
were 47.91+6.94 kg and 33.98+4.6 mL, respectively.
These values were 68.52+8.7 kg and 48.41+£7.38 mL
in males, respectively.

Table 3 shows individuals’ energy and
macronutrient intakes with daily diet according to

their body mass index. Accordingly, individuals with
a BMI of >25 had higher intakes of energy (kcal),
protein (g), fat (g), polyunsaturated fatty acid (%),
saturated fatty acid (%), and fiber (g) compared to
individuals with a BMI of <25 (p<0.05).

Table 4, on the other hand, presents the
micronutrient intakes of individuals in their daily
diet according to their BMI and the evaluation of
these intakes according to the Dietary Reference
Intake Levels (DRI). Individuals with a BMI value
of >25 were found to have higher daily intakes of
vitamin A, thiamine, riboflavin, niacin, pyridoxine,
folate, and vitamin B12, as well as sodium, calcium,
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Table 4: Micronutrient intake of the participants and the evaluation of Dietary Reference Intake (DRI) levels.

Micro Nutrients BMI<25 BMI>25 P
Median IQR  Min Max DRI Median IQR  Min Max DRI  value
(%) (%)
Vitamins
Vitamin A (mcg) 1126.56 290.28 54890 1513.01 140.82 118547 336.29 329.02 147447 148.18 0.048*
Vitamin E (mg) 14.21 4.11 7.89 25.59 9473 14.47 3.86 517 2525 9646 0.768
Thiamine (mg) 0.75 0.21 0.45 1.04 65.21 0.83 0.26 0.44 1.31 72.17  0.022*
Riboflavin (mg) 1.41 0.45 0.84 2.15 1175 1.6l 0.44 0.87 2.52 134.16 0.001*
Niacin (mg) 12.67  3.62 7.01 18.53 84.46 13.86 4.19 6.83 23.73 92.40 0.006*
Pyridoxine (mg) 1.19 0.24 0.75 1.76 91.53 131 0.44 0.78 241 100.76 0.003*
Folate (mcg) 130.13 38.39 71.54 17848 32.53 14530 46.11 6448 22077 36.32 0.002%
Vitamin B12 (mcg) 3.80 1.38 2.00 6.85 158.33 4.28 1.07 1.40 7.13 178.33 0.035*
Vitamin C (mg) 108.75 49.96 35.03 171.57 131.81 11596 5542 4.30 19442  140.85 0.734
Minerals
Sodium (mg) 1919.76  513.01 793.37 2876.66 127.98 215540 623.85 864.45 3577.56 143.69 0.003*
Potassium (mg) 2484.34 738.89 138990 3313.26 8l1.16 265742 890.29 1192.75 4252.24 88.58 0.146
Calsium (mg) 850.13 301.64 411.04 1353.31 85.01 96790  281.28 441.57 169730 96.79 0.011*
Magnesium (mg) 314.84 69.77 190.54 410.58 85.09 34892 9928 182.87 569.27 9430 0.007*
Iron (mg) 11.03 2.35 6.50 14.29 84.84 11.83 2.73 6.43 18.59 91.00 0.029*
Zinc (mg) 11.06  2.25 7.66 15.13 116.42 12.20 2.81 7.69 20.00 128.42 0.001*

*p<0.05; IQR: Inter Quantile Range, DRI: Dietary Reference Intake, BMI: Body mass index, Min: Minimum, Max:

Maximum.

Table 5: The evaluation of the biochemical findings, eating attitudes, physical activity levels and mood according to

their BMI values.

BMI<25 BMI>25 p value
Median Min Max Median Min Max
Glucose (mg/dL) 80.00 72.00 98.00 89.00 73.00 209.00 0.001*
Insulin (uU/mL) 9.30 4.49 15.70 12.40 5.80 22.10 0.001*
HOMA-IR (mg/dL) 1.80 0.82 3.10 2.76 1.39 6.90 0.001*
HbA1-C (%) 5.00 4.20 5.80 6.30 4.80 9.40 0.001*
Vitamin D (ng/mL) 18.20 6.87 34.10 13.40 6.70 48.00 0.001*
n % n %
EAT 0.622
<30 80 98.8 86 96.6
>30 1 1.2 3 34
TIPAQ 0.760
Inactive 28 34.6 34 38.2
Minimum active 52 64.2 53 59.6
Active 1 1.2 2 2.2
Bordepta 0.163
<5 38 46.9 32 36.0
>5 43 53.1 57 64.0

_*p<0.05. BMI: Body mass index, Min: Minimum, Max: Maximum, EAT: Eating Attitude Test, IPAQ: International

Physical Activity Questionnaire.

magnesium, iron, and zinc compared to individuals
with a BMI value of <25 (p<0.05). Also, there was
insufficient folate intake in both groups.

Table 5 demonstrates the evaluation of the
biochemical findings, eating attitudes, physical
activity levels and moods of the individuals
participating in the study according to their BMI
groups. Accordingly, blood glucose (mg/dL), insulin
(uU/mL), Homa-IR (mg/dL), and HbA1-C (%) levels
were found to be higher in individuals with a BMI

value of >25 compared to individuals with a BMI
value of <25 (p<0.05). The plasma vitamin D (ng/
mL) levels of the individuals with a BMI value of
>25 were found to be lower than those with a BMI
value of <25 (p<0.05).

On the other hand; 1.2% of the individuals in
the BMI<25 group and 3.4% of the individuals in
the BMI>25 group had an eating attitude score of
30 points or above, which indicated a risk for eating
disorders. Also, 34.6% of individuals in the BMI<25

18

Int J Nutr Sci March 2021;6(1)



Insulin, vitamin D and diet

group were found to be inactive and 64.2% were
minimum active, while 38.2% of the individuals in
the BMI>25 group were inactive and 59.6% were
minimum active. Besides, 53.1% of the individuals
in the BMI<25 group and 64.0% of the individuals
in the BMI>25 group had Bordepta scores of 5 points
or above, which indicated a risk of mood disorders.
The differences between eating attitudes, physical
activity levels, and moods according to BMI groups
were not found statistically significant (p>0.05).

Discussion

According to the report published by the World
Health Organization, 39% of individuals aged 18
or over were overweight and 13% were obese (24).
The prevalence of obesity across Europe was about
22.0% in females and 15.0% in males. In Turkey,
this value is 41.0% in females and 20.5% in males
(25, 26). Obesity is the most important risk factor
leading to insulin resistance. Insulin secretion in
individuals with obesity can increase up to three
times compared to normal individuals (27).

Weight loss or gain is associated with an increase
or decrease in insulin sensitivity, and abdominal
obesity, which occurs especially with an increase in
body fat in the waist region, and is stated to be the
main risk factor in the formation of insulin resistance
(28). The most important biochemical parameters
examined in the follow-up of obesity and insulin
resistance are fasting blood glucose, insulin, HbAlc,
and Homa-IR values. In this study, it was observed
that as the body mass index increased, fasting blood
glucose, fasting insulin, HbAlc, and Homa-IR levels
also increased significantly.

Various scientific studies have shown a correlation
between increasing BMI and decreasing serum
25(OH)D; concentration (29, 30). In a genetic study
conducted on 42,024 people in North America and
Europe, genetic evidence revealed that high BMI
caused low vitamin D levels, and it was concluded
that each unit increase in BMI caused 1.15% decrease
in 25(OH)D, level. The examination of vitamin D
level of the participants in the current study indicated
that individuals with a BMI value of >25 had lower
vitamin D levels compared to individuals with a
BMI value of <25.

According to DRI, a nutrition plan should be
created in both healthy individuals and individuals
with insulin resistance to meet 45-65% of energy
from carbohydrates, 10-35% from proteins, and
20-35% from fat (31). In this study, the proportions
of the daily energy intake of the participants from
carbohydrate, protein, and fat were 29.0%, 15.0%,
and 55.0%, respectively. According to the data, it can
be seen that the ratio of total energy from proteins

is appropriate for the recommended value range, but
the ratio from carbohydrates is low, and the ratio
from fats is high.

A dietary pattern with high fat content is thought
to increase inflammation and cause insulin resistance
(32). A decrease in the intake of saturated fatty acids
in the diet leads to a decrease in fasting and fullness
insulin levels, while a high saturated fat intake above
the recommended level can lead to insulin resistance
(33). In this study, it was determined that individuals
with a BMI value of >25 had higher consumption of
saturated fatty acids than individuals with a BMI
value of <25.

Obesity, which is a global problem in terms of
public health, is also considered as a psychosomatic
disease by some researchers (34). In a study
conducted on this subject, it was determined that
mood, anxiety, and eating disorders were seen at
a higher rate in individuals with obesity compared
to healthy individuals (35). In a study investigating
the relationship between eating attitudes and social
appearance anxiety among university students, there
was a significant relationship between eating attitude
score and BMI and that BMI increased as the eating
attitude score increased (36). In this study, although
it was not statistically significant, individuals in the
BMI>25 group had higher risk for eating disorders
compared to individuals in the BMI<25 group.

It is thought that there is a causal relationship
between obesity and various mental disorders (37).
Petry et al. (38) revealed that as BMI increased, the
likelihood of mood disorders, anxiety disorders, and
personality disorders also increased. A population-
based study investigated mood disorders of adult
individuals and found that depressive symptoms
were much higher in females who were slightly
overweight and obese compared to females who were
slightly overweight and non-obese (39). In the present
study, 53.1% of the participants whose Bordepta
score was 5 points or more, which indicated a risk
for mood disorders, were in the BMI <25 group,
whereas 64.0% of them were in the BMI>25 group.

On the other hand, impaired glycemic control
also affects individuals psychosocially. It has been
reported that depressive symptoms are more common
in people who do not have a good glycemic control
(39, 40). Accordingly, impaired glycemic control,
insulin resistance or diabetes can trigger mood
disorders, as well as affecting various hormones
that have an effect on mood; for example, serotonin
affects food selection, leptin affects corticosterone
inflammatory mechanisms, and plasma affects
glucose regulation and insulin resistance (40). In the
current study, it was determined that as individuals’
risk for eating disorder increased, insulin and Homa-
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IR values increased in direct proportion and that
Homa-IR values were higher in individuals with
higher risk of depression in direct proportion.

Conclusion

The present study showed that in body weight
management, individuals should be evaluated
and followed up in terms of insulin and vitamin
D levels, dietary habits, and mood disorders. To
provide clearer recommendations, the results of this
study should be supported by more comprehensive
studies with larger samples.
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