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ABSTRACT

Objectives: This study examined how vitamin D supplementation based on daily dietary intake affects biomarkers in obese women with
25-hydroxyvitamin D deficiency.

Materials and Methods: Group D (n=14) used vitamin D supplements daily for 2 months, and Group C (n= 16) did not receive supplements. Three
blood samples were collected from the volunteers during the initial phase of the study. In this study, blood was collected from the volunteers: first
measurement (M1), second measurement (M2), and third measurement (M3).

Results: Compared with Group C, Group D had lower high-density lipoprotein (HDL) levels at M2 and fasting serum glucose (FSG) levels at M3 (p <
0.05), and lower HDL levels at M2 and FSG levels in normal-weight individuals at M3 (p < 0.05). In addition, 25-hydroxyvitamin D levels were higher
in normal-weight women than in obese women according to M3 (p= 0.043). There was a higher negative correlation between HDL-C in M1 and FSG
in Group D (r=-0.710, p= 0.004). 25-hydroxyvitamin D was moderately positively correlated with dietary vitamin D in M2 in Group D (r= 0.559, p=
0.038). Significant positive correlations were observed between iodine intake and triiodothyronine (T3) levels, whereas no significant difference
was observed between thyroid-stimulating hormone and T3 levels.

Conclusion: Vitamin D intake improves HDL levels in normal-weight individuals and causes an effect on FSG to be at the desired low level, whereas
in individuals with obesity, although serum 25-hydroxyvitamin D levels increased in the last measurement, no effect was observed. Women with
normal vitamin D levels have higher serum 25-hydroxyvitamin D levels than those who are obese.
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INTRODUCTION Deficiency in 25-hydroxyvitamin D levels is also crucial for lipid
Two types of vitamin D have a fat-soluble sterol structure profiles, which are markers of cardiovascular disease. It was
known as calciferol. Of these, ergocalciferol is taken from the reported that low or decreased 25-hydroxyvitamin D levels are
diet (D2), whereas cholecalciferol is synthesized in the skin by ~ related to hyperglycemia, high serum triglyceride (TG) levels,
sunlight (D3). The most significant indicator of human vitamin ~ high cholesterol, and low high-density lipoprotein (HDL) levels.?
D status is 25-hydroxyvitamin D concentration. While its ~ In another study, vitamin D supplementation helped reduce
deficiency or insufficiency is frequently observed worldwide, ~ blood levels of TGs, low-density lipoprotein (LDL), and total
its excess causes toxic effects. This deficiency, which is cholesterol (TC).*

common worldwide, can be restored to normal levels with One study stated that vitamin D levels were associated with
orally supplemented vitamin D.! thyroid-stimulating hormone (TSH).> A low vitamin D level in
It has been reported that there is an opposite association youth has been related to low wandering triiodothyronine (T3)
between 25-hydroxyvitamin D and fasting blood glucose (FSG), ~ levels.® When vitamin D was given to subjects with Hashimoto's
and vitamin D intake improves FSG and HbA1c levels.2 thyroid, there was also a significant reduction in TSH hormone

compared with the baseline.”
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When the literature is examined, the effects of circulating
serum 25-hydroxyvitamin D levels on serum lipids, especially
in cross-sectional and experimental studies, provide conflicting
results.® Thus, further research on the effects of vitamin D
supplementation on blood vitamin D levels is required. This
study aimed to determine how vitamin D supplementation based
on daily dietary intake affects TSH, T3, FSG, and lipid levels in
normal-weight and obese women with 25-hydroxyvitamin D
deficiency.

MATERIALS AND METHODS

Thirty volunteer women aged between 18 and 23 years who
were known to have vitamin D deficiency were involved in this
investigation. The research was conducted between February
2023 and April 2023 in the Avrasya University. The participants
were divided into two groups (experimental and control groups).
The experimental group received 10 mL of vitamin D [a total
of 150,000 international units (IU)]. The volunteers consumed
vitamin D for 2 months and received 3,200 IU of vitamin D
per day. In the control group, no dietary supplementation was
recommended. Patients with diabetes, thyroid disorders, and
hypertension were not included in the study. The study did not
include individuals with FPG levels > 100 or 25-hydroxyvitamin
D levels > 20.

After the first measurement (M1, beginning) was obtained
from the women, two more measurements were obtained
with an average interval of 28 days. Blood was collected
from the volunteers three times: M1, second measurement
(M2, week four), and third measurement (M3, week eight).

25-hydroxyvitamin D levels were measured at each blood draw.
Next, the blood was separated into serum by centrifugation
(four thousand rpm for ten minutes) and preserved at 80 °C
(Figure 1.

Routine biochemical analysis results

Biochemical parameters were examined by women participating
in the study via the e-Pulse system (Republic of Tirkiye Ministry
of Health).

Serum 25-hydroxyvitamin D level

25-hydroxyvitamin D content was measured using an SD
Biosensor Fluorescent Immunological device. The temperature
was adjusted to 37 °C in the SD Biosensor (F200 Analyzer),
and the extractor was activated. The test cassette was then
inserted into the device to be read. With a micropipette, 155
microliters of bumper solvent and 35 microliters of serum
specimen were added to the reaction tablet. This solution and
test tape were placed in the incubator for 30 min, and then the
material from reaction tablet two was added to this solution.
After homogenization, the solution was completely transferred
to the test tape well using a micropipette and then incubated for
15 days. The 25-hydroxyvitamin D level was then determined by
scanning the cassette. The proposed method and device have
been accepted in the literature.’

Fasting serum glucose level

Serum glucose levels during fasting were measured after
subjects had fasted for an average of 6 to 8 hours. The American
Diabetes Association has determined impaired FSG tolerance
to be > 100 mg/dL.”°

Assessed for eligibility

(n=53)
Excluded
Glucose > 110 (n=23)
Randomized
Group D (n=30) Group C
(n=14) 25(0H)D < 20 (n=16)

Glucose <110

Allocated to supplementation
(n=14)
Received supplementation

(0= 14)

Analyzed

(0= 14)

No supplement given

(0=0)

No supplement given

(=0)

Analyzed
(n=16)

Figure 1. CONSORT flowchart the flow of participants through the trial is represented by a diagram, as suggested by the CONSORT group. Group C: No

reinforcement; group D: Vitamin D supplement
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FSG measurements were performed using the Accu-Chek
Performa Nano device when taking samples.’ After the device
was activated, an unused measuring strip was placed in the
device, and 35 microliters of serum specimen were taken from
the blood serum using a micropipette. The sample was dripped
onto the tip of the strip. The measurement results were taken
immediately afterward.

Measurement of serum lipid levels

After the stored serums thawing, LDL, HDL, non-HDL, TC, and
TG levels were measured with a Standard LipidoCare Analyzer
and a Lipid Profile Test Strip. The SD LipidoCare is an approved
device that diagnoses patients rapidly and precisely in a clinical
setting.”

The device was turned on, and the measurement setting was
set to serum. The lid of the device was opened, and 35 L of
serum specimen was received with a micropipette and placed
into the application hole of the device, and the lid was closed.
Results were obtained after a 3-minute waiting period.

Measuring ranges

100-450 mg/dL for TC, 25-95 mg/dL for HDL cholesterol,
0-130 mg/dL for LDL, and 45-650 mg/dL for TGs. This study
considered TC ideal for < 200 mg/dL and high for > 240 mg/dL.
In HDL-C levels, > 55 mg/dL in women and > 45 mg/dL in men
are ideal. TG <150 mg/dL was accepted as ideal.

Serum TSH level

A 35 pl sample was taken from the serum using a STANDARD
Ezi tube and distributed in the extraction buffer. Then, the
sample and buffer were mixed 2-3 times with a 100 pL pipette
and placed in the test cassette, and the result was obtained after
15 minutes. The normal range for TSH has been determined as
0.45-4.5 mIU/mL.

Serum T3 levels

A standard D-BLOCK incubator device was prepared and its
temperature was raised to 37 °C. Using a micropipette, 100 L of
serum was obtained. The sample was added to the extraction
buffer, and a Spoitte tablet was dissolved. The cells were kept
in the incubation device and previously brought to 37 °C for 10
minutes. The tester was placed in the test slot of the analyzer.
A hundred pl of the incubated sample mixture was taken and
applied to the specimen well of the test device. The result
was obtained 15 deeps after the test start button was pressed.
The measuring range of the device is 0.3-10.0 nmol/L, and the
normal range for T3 is specified as 1.3-3.1 nmol/L.

Anthropometric measurements

Using the bioelectrical impedance analysis (BIA) approach, the
TANITA MC-780MA was used to assess weight body fat, protein,
muscle, waist-hip ratio, visceral fat level, basal metabolic
rate, waist circumference, and mineral levels. A stadiometer
was used for height measurement. Women were classified as
obese or normal according to the fat ratio determined by the
BIA method. Obese (D group = 6, C group = 9), and normal (D
group = 8, C group = 7) were determined. A power analysis of
obese and normal women was performed, and the effect size

was found to be 1.70, and the power was found to be 92% One-
Way and 85% Two-Way.

Diet quality calculation

Diet quality was calculated using frequency questionnaires on
food consumption among women. Diet quality was assessed
using the Diet Quality Index-International scale.”

Ethics statement

The ethics committee approval for this study was approved by the
Avrasya University Ethics Committee (approval number: 2022-
52/14, date: 21.07.2022). Informed consent was obtained from
all participants. This study was registered with ClinicalTrials.
gov (identifier number: NCTO5447065).

Statistical analysis

Data were analyzed using R language and R studio v.0.98.501.
The data were evaluated using the Kolmogorov-Smirnov or
Shapiro-Wilk tests to determine their normal distribution.
Continuous variables are presented as mean + standard
deviation (SD). The Wilcoxon signed rank test and the Mann-
Whitney U test were, respectively, used to assess the data of
dependent and independent groups that did not exhibit normal
distribution. If a Three-Way comparison was made between
independent groups, the results were analyzed using Friedman'’s
variance. Food consumption records and food frequency forms
were analyzed using CEBEBIS. G-Power v. 3..9.4 software was
used to calculate the sample size, and statistical significance
was determined as p < 0.05.

RESULTS

Women with low vitamin D levels were included in this study.
The participants consisted of a total of 30 volunteer women,
including those who took vitamin D supplements (n= 14) and
those who did not take vitamin D supplements (n=16). The mean
ages of groups D and C were 20.07 + 1.33 and 20.56 + 1.36,
respectively. Frequency of food consumption, anthropometric
measurements, FSG levels, serum lipids (LDL, HDL, TG, and
TC), serum TSH, and serum T3 levels were measured.

Regarding age and routine biochemical values, there was not
a significant difference between Group D and C (except from
NEUTROPHIL). A comparison of Group D to Group C revealed
significant decreases in the intake of cheese, butter, eggs,
sunflower oil, margarine, yogurt, and white bread. The data on
the frequency of each person’s food consumption was analyzed
after one year. Energy, protein, fat, MUFA, PUFA, linolenic acid,
linoleic acid, myristic acid, lauric acid, palmitic acid, oleic acid,
cholesterol, retinol, folate, vitamin D, vitamin E, and vitamin
B 1 values in group D A decreased in vitamin B2, sodium,
potassium, phosphorus, and zinc values compared to group C.
In addition, in the comparison of Groups D and C, the w-3/w-6
ratio was higher in Group D (Table 1).

When the anthropometric measurements between the groups

were analyzed, no difference was observed between the three
measurements (Table 2).

When the anthropometric measurements of the women were
analyzed, no significant difference was found between the
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Table 1. Comparison of the characteristics of healthy volunteers, routine biochemical findings, frequency of food consumption,

average daily energy consumption, and food consumption frequencies of the groups®

Group D (n=14) Group C (n=16) p°
Routine biochemical findings
Age (years) 20.07 £1.33 20.56 + 1.36 0.334
PA (met-min./week) 27T44.40 + 294413 247394 +1953.27 0.773
ALT (U/L) 12.57 + 6.03 1375+ 0.95 0.358
AST (U/L) 1391+ 3.76 19.29 + 7.41 0.140
BASOPHIL (10*3/ul) 0.07 + 0.04 0.06 + 0.04 0.709
NEUTROPHIL (10*3/uL) 5.22 + 1.64 410 £ 118 0.029
EOSINOPHIL (10*3/uL) 0.20 + 013 0.11+0.08 0.259
LYMPHOCYTE (10*3/uL) 2.63+£0.75 23+092) 0.624
MONOCYTE (10*3/ul) 0.70 £ 0.18 0.56 +0.27 0.093
RBC (10*6/uL) 4.67 +0.39 4.60 +0.53 031
HGB (g/dL) 12.73 £ 1.55 12.74 +1.38 0.732
MCV (fL) 8114 + 8.29 85.73 +10.18 0.105
MCH (pg) 27193 + 0.88 28.34 + 4.28 0.368
MCHC (g/dL) 3345+2.20 33.02 +2.48 0.47
HCT (%) 3798 + 3.21 38.51+ 3.31 0.857
PLT (10*3/ul) 295.58 + 94.35 273.01 + 81.83 0.328
MPV (fL) 8.33 +1.09 8.86 + 1.68 0.328
PDW (fL) 17.23 + 3.60) 18.04 + 817 0.496
PCT (%) 0.25+0M 0.24 +0.08 0.586
WBC (10*3/uL) 8.89 + 1.88 8.09 + 2.56 0.247
Average daily energy and food consumption frequencies
Energy (kcal) 1225.80 + 354.43 1763.29 + 668.78 0.0m
CHO (g) 145.98 + 51.88 194.78 + 110.20 0.262
Protein(g) 3357 £ 916 5393 £ 22.72) 0.009
Fat (g) 55.37 + 25.94 83.88 £ 19.03 <0.001
Cholesterol (mg) 120.81 + 67.51 262.86 +136.50 0.001
Fiber (g) 1339+ 6.10 17.47 £10.38 0.27
Alcohol (g) 0.01+0.04 0.05+0.13 0.437
Saturated fatty acid (g) 24.29 £ 8.65 32.63 £ 11.56 0.067
Myristic acid (g) 2.02 +1.32 330+ 175 0.034
Lauric acid (g) 0.85 + 0.44 1.34 + 0.69 0.045
Palmitic acid (g) 11.31+ 411 15.59 + 512 0.029
Monounsaturated fatty acid (g) 20.23 £ 11.20 29.28 £ 7.85 0.002
Oleic acid (g) 18.47 £ 10.55 26.98 + 7.57 0.002
Polyunsaturated fatty acid (g) 71+ 6.06 14.88 + 4.54 <0.001
Linoleic acid (g) 5.76 + 5.76 12.99 + 4.49 < 0.001
a-linolenic acid(g) 0.60 + 0.27 0.98 +0.39 0.007
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Table 1. Continued

Group D (n=14) Group C (n=16) p°
Average daily energy and food consumption frequencies
Omega-3/0Omega-6 014 + 0.07 0.09 +0.05 0.023
Water (g) 934.86 + 442.41 1097.76 + 507.08 0.198
Retinol (pg) 330.37 + 339.90 600.66 + 557.17 0.013
A (pg) 710.66 + 487.27 1040.01 + 746.89 0.088
D (pg) 234 £ 145 5.01 £ 3.67 0.023
E (mg) 6.19 + 7.49 14.04 + 5.77 0.000
Thiamine (mg) 0.54 £ 0.26 0.78 + 0.38 0.015
Riboflavin (mg) 0.87 +0.22 141+ 0.52 0.005
Niacin (mg) 6.44 +1.80 8.64 + 4.08 0.280
B6 vit. (pg) 0.60 + 0.15 0.80 +0.37 0.062
Folate (pg) 168.04 + 94.18 247.63 £ 126.20 0.025
B12 vit. (pg) 2.09 £1.33 377 £ 2.41 0.005
C vit. (pg) 63.42 + 33.81 72.61 + 47.52 0.678
Sodium (mg) 990.82 + 388.95 1679.03 + 843.69 0.009
Potassium (mg) 1416.24 + 468.59 1877.40 + 805.27 0.031
Calcium (mg) 465.33 + 103.96 713.39 + 312.40 0.051
Phosphorus (mg) 654.05 + 160.00 964.71 + 393.95 0.009
Magnesium (mg) 178.59 + 57.72 235.08 + 98.39 0.051
Iron (mg) 4.89 +1.89 6.51+ 3.31 0.124
Zinc (mg) 525+ 130 7.38 +2.89 0.013
Essential amino acid (pg) 1714 £ 5.07 27.64 +10.95 0.006
Comparison of food consumption frequency
Black tea (%) 347+ 6.03 275+ 2.57 0.447
Turkish coffee (%) 2.03 £ 2.62 3.64 £ 4.48 0.538
Instant coffee (%) 3.79 +5.31 2.53 £ 491 0.356
Herbal teas (%) 193 + 3.54 417 £ 6.28 0.086
Fizzy drinks (cola, soda, etc.) (%) 2.65 + 4.05 318 +£5.83 0.882
Mineral water (%) 297 + 4.86 3.58 + 5.85 0.966
Instant juice (%) 297 £5.73 3.57 +6.53 0.717
Alcoholic beverages (%) 0.00 + 0.00 0.00 + 0.00 1.000
Bagel/Pastry (%) 194 + 3.07 3.59+6.85 0.292
Rice (%) 2.80 £ 3.06 355+ 4.67 0.830
Bulgur rice (%) 3.30+799 297 + 412 0172
Pasta (%) 3.02 + 411 2.36 + 2.44 0.931
Cake/Biscuit (%) 2.27 + 3.36 3.71+£355 0.076
Diet biscuits (%) 6.56 + 1817 0.51+£1.56 0.442
Dumplings (%) 1.39 + 2.01 4.06 + 5.61 0.092
Milky desserts (%) 1.51+1.87 4.51+6.32 0.108
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Table 1. Continued

Group D (n=14) Group C (n=16) pb

Comeparison of food consumption frequency

Chocolate (%) 292 +2.58 195 + 1.46 0.570
Jam, honey, and molasses (%) 3.00 + 3.77 3.03+7.06 0.657
Olives (%) 249 £ 4.26 3.56 + 3.67 0.208
Butter (%) 092 £292 4.22 + 8.51 0.026
Margarine (%) 0.00 + 0.00 4.40 £10.87 0.049
Olive oil (%) 223+ 415 314 £ 3.52 0.146
Sunflower oil (%) 144 + 3.39 4.89 +3.73 0.003
Red meat (%) 2.52 £1.58 3.38£593 0.390
Chicken meat (%) 253+314 3.84 +4.02 0.531
Fish (%) 218 +2.89 372 £332 0.108
Egg (%) 1.04 £ 1.51 397 £358 0.008
Salami/Sausage etc. (%) 2.57 + 315 3.79 + 5.83 0.656
Dry beans (%) 245+ 412 3.39 £3.80 0.186
Oilseeds (%) 1.87 £ 210 339 +3.80 0.086
Offal (%) 2.02 + 6.54 4.48 +12.46 0.701
Yogurt (%) 1.89 +1.92 397 + 2.60 0.025
Buttermilk (%) 214 £ 235 373512 0.362
Kefir (%) 1.48 + 310 4.96 +14.61 0.757
Cheese (%) 242 £ 3.77 3.65 +3.33 0.049
Green leafy vegetables (%) 2.60 + 3.05 3.62 +3.28 0.223
Other vegetables (%) 3.00 + 3.01 320+ 275 0.471
Dried fruit (%) 5.96 +12.05 1.04 +1.25 0.91
Fresh fruit (%) 2.96 £ 3.09 294 + 351 0.786
Freshly squeezed fruit juice (%) 275+ 5.24 3M 772 0.565
White bread (%) 093 +135 532 +8.52 0.020
Whole wheat bread (%) 0.96 +2.48 4.84 £ 721 0.185
Whole grain bread (%) 439 +5.21 2.29 + 4.29 0.128

Data are expressed as mean + SD, ®p values were determined using a Mann-Whitney U test. D group, vit-D supplemented group; C, no reinforcement. PA: Physical
activity, ALT: Alanine aminotransferase, AST: Aspartate transaminase, RBC: Red blood cells, HGB: Hemoglobin, MCV: Mean corpuscular volume, MCH: Mean
corpuscular hemoglobin, MCHC: Mean corpuscular hemoglobin concentration, HCT: Hematocrit, PLT: Platelets, MPV: Mean platelet volume, PDW: Platelet distribution
width, PCT: Plateletcrit, WBC: White blood cells, vit.: Vitamin, SD: Standard deviation

within-group and between-group analyses (Table 3). The fat
values of the obese group were M1 (mean = SD = 31.05 + 3.40),
M2 (mean + SD = 30.80 + 3.24) and M3 (mean + SD = 31.62 +
2.94), respectively. The fat values of the normal weight group
were M1 (mean + SD = 19.99 + 4.24), M2 (mean + SD = 2111 #
415) and M3 (mean = SD = 21.31 + 3.98).

A significant increase in FSG and TG levels in group C was
observed between both the M1-M2 and the M2-M3. In addition,

between M2 and M3, HDL values significantly decreased (Table
4).

There were no significant differences between groups for all
values in M1. HDL levels were found to be higher in Group D
in M2. In M3, although the FSG levels were lower, the vitamin
D levels were significantly higher in Group D. However, there
were no significant differences in LDL, non-HDL, TC, TSH, T3,
and HDL/LDL levels among the M3 (Table 4).

Between M1 and M2 in Group D, FSG levels significantly
decreased. A significant increase in HDL levels was observed
between stations M2 and M3. A significant increase in TG
levels was observed in M1 and M3. A significant increase in



Lo

40

CESUR and GENGC. Biomarker Evaluation in Women with Obesity

JUBWaINSEaW PJIY| EW ‘IUBWSINSEAUW PU0IDS Z|
‘JUBWAaINSEaW }SI |\ ‘UOI}BIASP PIEPUBIS :(OS ‘UIWEB}IA }IA 1S3} ) ASUNYM-UUBJ\ B SUISN PauUIWIa}ap dJam SaNJeA dy, ‘(S F UBaW sk passaldxa aJe eje(]. "Juawadlojulal ou ‘) ‘dnous pajuswalddns g-yia ‘dnois g

lZV0  18L0 0GEO 2277 8GL 827629 WZF699 062 ¥ 0€9 9LZ F0L9 GEZFIL9 (Bw) durz
90L0  OLI0 €690 672 F G9L €Lz 9279 982 ¥ 8€°9 8’1 F 2€9 ¥SZ ¥ 0SS 161 F 709 (8w) uoy|
200 Y0 0820 186G ¥ L0G6l 00’19 ¥ 66¥LL GY'ELF 8YL9L L6'EE F 9LEIL 6y F v6ryl 18'GYy ¥ LO9yL (Bui) winisausep
9520 8200 0960  YZGELFOVI8y 298Vl F 6609 €202 * 199ly €6TLL F YZ16E LU68L ¥ 180 09'GZT F 6LEVE (B wnioje)
8G7'0  86L0 0870 LLZYSFYEL99L  G6LZS FBE6LGL 29009 F ZZLOGI 802l ¥ L9'LIGL 82099 F L86SEL  9%°0GK F 09'Z9¢€L (8w) wnissejod
9520 9500 1800 EYZl6 FEBISZT YIVI8 FIB09EZ  LITBELFGELETZ  LELYOLF 80W6LT 19106 * Ot'8YLL ELLYLF 18'YYLL (Bw) wnipog
6€2°0  SELO 1900  SYOVLFIZ6ZE  ECHYL F O£9GE 6G2LL ¥ 2G'LE€E 6L0LL ¥ 62112 OLLLL ¥ 6£€LZ 9EYZL F EV6TT (8w) aulpoj
s|eJaulpy

€990 90¥'0 €520  €0°'€9 ¥ 89'8Gl 9€'26 ¥ GE'GLL 09'98 * 67°GLL LE'9L F 987Gl 6069 F 6L L7 90°€L ¥ 1G°ZGl (8r) @1e104
1280 670 1680 6€0 F 660 80 *8L0 S0 F€80 920 F €60 EV0*G680 270 ¥58°0 (8w auixoplihd
G0Z0  LL00  ISL0 LE0F860 2207160 9€0 ¥ 260 8€'0 ¥ 080 9€0FELO 9€'0 ¥ 69°0 (Buuy uinejoqry
Zyl0  9l€0  8ELO 12’0 %290 lZ0F¥G0 Y20 7150 ¥1'0 ¥ 0G0 Z20F 90 yLI0 ¥ 870 (Bw) auiweryy
9520 ZvP0  €€G0 1G0FElL 25T F 661 9Z'LF 88l LELF LLL 17181 922 %1072 (Bw) audjole)
857°0  LL90  06l0 9LE ¥ 68 €€GF06'L v0'E ¥ ¥GL 2Ty ¥89L 96°€ 189 16T F8l9 (Bwy3
€6L0 €ES0  ¥ZLI0 LYYEZF960SS  26WhY FUELOL  8ZLI9F9.288  88°0L0Z F 6¥LLLL Y76GE F 86'GE9 EE6ZY ¥ 89'965 (Buyy
€200 €000 6620 ZEECF oY ELTF YOV LEEF LEE €0EF6lT LUILF0S1 vy F LY Bha
sulweyA

1200 Y90 v2L0  ¥LZWlF986.C  LIWOLFOY9eZ  Z8T9L ¥ ZLG6T €€'10L ¥ ¥9°002 LE'€2Z ¥ 95792 80'9YL ¥ 2GY1Z (Bw) 1013383104
€990  9¥L0 8190 19°G ¥ #O'LL 96'G ¥ ¥E6 YGEF 198 ylL¥F L60L LLEF9E0L yO'E ¥ LIS (5) ploe Auey pajeiniesunijod
0’0 8SL0 €80 27y F 62711 09y ¥ 0Ll 8L'G F Ly0l Z7'E ¥ 866 80y ¥ Gl6 187 ¥ 916 (8) Jaqi4
G/Z0 1800  GELO 1689 F 71'2G1 659G F €€'1€L Ol F6LLLL Of'€G ¥ 15621 €GLE F 1926 0E'LE ¥ 16'88 (8) OHD
€990 L¥S0  LGLO 02'GZ *16%€9 8222 ¥ 29LG G9'GZ ¥ 9509 Z¥'LL ¥ G8'9G Y612 ¥ 1GES Ly6LF STy (8) 1ed
IO 9050 1960 LELLFILES GOl F ¥8EY 08'LL* 2LGY LELLF 92D G962 ¥ 692y EY'GlL ¥ 8E'GY (8) ursjo.d
700 Ll00  0LLO  9LGYZ ¥8E€S8 288l ¥ 9I€98 LL6YZ ¥ 1GL6L. LLZET ¥ 8ZELY ELIWZ F8YLL9 86922 F 29'GL9 (8) Jo1eM
6£2°0  86L0 GO0 B8S0ESFG9LOWL bH'9Zy F8Z0€ZL  OL'BEY ¥ 66'9021 L6EGE FGLBBIL  YEEOY F 88'LK0L 99'ZVE ¥ 161696 (1e23)) A543

ENW ZN LN EN N IN
od o o (91 =u) J dnouy (¥1 =u) g dnoun

.p40231 uondwnsuod pooj jo uosiiedwo) *Z 3jqeL




406 CESUR and GENC. Biomarker Evaluation in Women with Obesity

K] FSG and TG levels was observed between M1 and M2 in Group
0‘_5 C. In addition, a significant decrease in FSG and HDL levels
IR-ARS § 3= § % S § 2 < was observed between M2 and M3. There was a significant
® |o|o|o|o|oc|o| =S| o oo 'ﬁ difference in HDL values in M2 between groups D and C. The
on . o
£ M3 FSG and LDL levels were lower in the experimental group,
. ol el ol el oo &l o] @ S whereas the 25-hydroxyvitamin D levels were higher (Table 4).
eS| ol o o] 0 o | g . .
™ g g g g g g g g g 8 g ; In group D, a significant difference was observed between
> the FSG values of obese and normal-weight women in the M2
5 and M3. In addition, 25-hydroxyvitamin D levels were higher in
Ol @ 0| W <] x| S| S| 0| x| N| B normal-weight women than in obese women according to M3.
(@] .
a | 2 § § ﬁ g § § g % g § 3 In Group C, M2 showed that normal-weight women had lower
= TG values than obese women (Table 5).
<« é When women were categorized as obese and normal-weight,
ol o 9 ° E = HDL levels of normal-weight women were found to be lower in
Q . . . .
=| 2 § 8l ] o § 2 8 ol w2 group D than in group C in the M2. In M3, 25-hydroxyvitamin D
A Q|+ Tl < WAl N3 levels of normal women in the D group were significantly higher,
N 2 % o 3 5 § o &S % S e whereas FSG levels were significantly lower than in group C.
2 o2 q|o|l~ o] ¥ B Q] IS FSG levels in group D were significantly lower in the M2 of
o 2 obese women than in group C. In the M3 of obese individuals,
o | o Q ~ § £ 25-hydroxyvitamin D levels were significantly higher in the D
o Ne) 1 . . PR .
=15 3 8 ol _ ; % &5 ol £ group than in group C. The M1 showed no significant difference
Hen A < i i al 23 2 between the obese and normal-weight women’s groups (Group
Q| = ® | TS| ]S ;
RS N 5 § g 55| @ = S 3 %n C and Group D) (Figure 2).
2 In M1 of group C, a moderate positive correlation was found
< g é between 25-hydroxyvitamin D and TG and LDL, respectively
n QR R~ 2 Nl ol =] 8 § 5 T (r= 0.531 p= 0.034, r= 0.516 p= 0.041). In M2 of group C, a
o =9 Tl o % =9 S| = bl S % g moderately strong positive correlation was observed between
— + . . .
%‘- 5 g \('Df. é % * uug g 3 % g g % iodine intake anq TSH level (r'= 0.5?4, p= 0..015).'M2 O,f HQL hgd
S51S| ol 2l QgL RN F|lw Q| T|gcE a moderate positive correlation with O-linolenic acid, linoleic
‘—E’E acid, MUFA, PUFA, and fat intake. In contrast, no significant
f; correlation was found between M1 and M2, respectively (r=
ol g = 0.653 p < 0.001, r= 0.571 p= 0.001, r= 0.436 p= 0.016, r= 0.573
S C
% a Sl el ¢ 3 ol @ S N - p=0.001, r= 0.536 p= 0.002).
— ‘9 . 3 o : ) o Te] 3 - o .
o w| Gl o % % SISl G "~ (%: ‘E 3 In the M2 and M3 of the D group, a moderately strong positive
+ @ . . . .
5 - S8 &% 5 Sl gl &g 3 & o 8 2 correlation was observed between iodine intake and T3 values.
| =0 - 3 AN o ) e . .
E 5 02 Q 0|8 d|% v 2] I g At the same time, a moderately positive relationship was found
© g% between dietary vitamin D and serum 25-hydroxyvitamin D
: = §N levels. There was no significant relationship between vitamin
€ = S5 vl @ AR 8 g i D intake and other serum 25-hydroxyvitamin D levels (M1, M3).
E o D O:I 2| o © i L se While FSG and HDL in M1 in group D showed a highly negative
—_ + — o . . o .
3 ; S © 0’; o 4 9 \fr' : S S = = correlation, no significant correlation was found between other
é g sl o g '5 108 % < ﬁ A ‘?_r % é measgrgments (M2, M3). In the M3 group, a .mo.dera.te positive
° 5 association was found between HDL and iodine intake and
E S between T3 and vitamin D intake (Figure 3).
4 S o| o=
[l — ~ C» -
[t 53335 /22 &Y DISCUSSION
€ ‘2_ N H a < u i oD w] o 5 éﬁg The current study investigated the effects of vitamin D
< IS S 2 8o Qo 3 o5 a2z supplementation on fasting serum glucose, serum lipid, serum
[t o35 |0 N vl oo S sl vl S LS ] i i
= © S| 0| - | N|O| N &N S| —| N = é c TSH, and T3 levels in obese and normal-weight women with
i o vitamin D deficiency.
© [sym]
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™ = 2| 2 I| S| 8 e | 8| ¥| a3 routine biochemical parameters, and it was determined that the
() Z| = =] © i <
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~ S| I o S| S|>5|=|=|a|a|motE




CESUR and GENC. Biomarker Evaluation in Women with Obesity 407

b se2 Vitamin D deficiency is common nowadays
< © | o ol © ~ © = 0| ~| 0dc® y
— o = N
i S 1389385 &5 s % ?%é and can lead to many negative consequences.
S © elelelele e e v Cl°lElS Therefore, to eliminate this deficiency and
3 |5 ér g8 gl &l B8 |28 37 prevent its effects, vitamin D supplementation
a o o|lo|o|lo|oc| o |o o o| ol 282 should be administered at appropriate doses to
0= . .
<« Wl =l &l | o o | ~ o o 5 F3< reach serological levels. The recommended daily
™ < 0 (@] Lo O — c = . . .
" < S 2sg 23 g 21 &l gse vitamin D supplement level by the WHO is 200-
Q o o 5= a
2s 8 400 IU/day.”
Te) 0| ol @ x| 0| o | & — £==
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E o ol o] o| o|l o o o o ! e . . .
= 859 received a monthly vitamin D dose of 100,000
© S| on| | o Ny ITe) o?
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I Q| Q| Q NI 1 ™~ = o =~ a9 - . ] ' -
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[0} = . . .
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e} |~ 9 | © o ) = 2 2o .
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S N Vlo| | b 2 o g €
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a similarity in the M3. At the same time, 25-hydroxyvitamin D
levels were higher at the M3 in the D group in both the normal
and obese groups.

Results suggest a relationship between 25-hydroxyvitamin D
deficiency in the blood and thyroid diseases.?’ In a previous
study, serum 25-hydroxyvitamin D levels were significantly
negatively correlated with TSH levels. A study by Mansorian
et al.?2 reported a decrease in T3 levels with an improvement
in vitamin D status. This study found no relationship between
25-hydroxyvitamin D levels and TSH and T3 levels.

Conversely, older people with 25-hydroxyvitamin D deficiency
were administered vitamin D supplements. It was found that

there was no difference in the TSH and T3 levels of older
people.” Similarly, no significant difference was found in serum
TSH and T3 values between the groups in this study.

Based on the related studies, there were conflicting results on
the lipid profile of vitamin D supplementation. Normal vitamin
D levels were observed to improve HDL-C levels compared
with low levels in the Fraser et al.?® study. In another study
examining the high- and low-dose vitamin D supplement groups,
an increase in plasma TGs was noted in the high-dose group at
the end of the 6" month.?*2 In this study, 25-hydroxyvitamin D
and HDL cholesterol levels significantly increased between the
second and third assessments in group D. In addition, the TG

Table 5. Evaluation of biochemical parameters in obese and normal weight women in the groups®

Group D Women with obesity (n= 6) Women with normal-weight (n= 8)

M1 M2 M3 M1 M2 M3 p? p° pe
Fasting serum
glucose level (mg/ 7917 +1.33 71.33 +4.84 88.33 + 1113 82.38 £ 713 80.75 + 8.31 71.88 + 6.75 0.646 0.030 0.005
dL)
LDL (mg/dL) 90.14 + 2014 83.93 + 1917 7850 +16.48  T7433+1541 72.00+1313  72.73 +19.01 0.115 0.191 0.563
HDL (mg/dL) 4833 +1372  4433+13.20 5283 +10.67 48.88+1479 4388954 4713 +841 0945 0941 0.284
Non-HDL 104.83 £ 25.61 9917 +£22.57 9350 +1877 8513 +1552 8313 +12.81 87.25 + 18.41 0.098 0160 0.545
TC (mg/dL) 15317 £ 28.27 14350 + 2090 146.33 £12.37 134.75+21.61 127.00 + 20.74 134.38 + 2359 0.191 0.168  0.283
TG (mg/dL) T1.67 + 4388  75.67 +4294 75.00 + 4787  53.88 + 511 56.75+ 1414 7250 + 2459 0.897 0301 0.536
TSH 2.87 +1.81 172 £ 0.99 1.38 £ 0.69 1.50 + 0.47 1.56 + 0.74 1.61+ 0.65 0.352 0.744  0.871
(mIU/mL)
T3 (nmol/L) 2.81+152 2.39 £ 0.43 2.67 +0.70 255+ 094 2.68 + 0.79 2.62 +0.55 0.605 0.442 0.876
25-hydroxyvitamin D
(ng/mL) 10.77 + 1.60 11.68 + 1.55 18.67 + 4.34 11.08 + 3.25 1514 + 433 28.83+11.25 0.746 0.089 0.043
Group C Women with obesity (n=9) Women with normal-weight (n=7)

M1 M2 M3 M1 M2 M3 p? p° pe
Fasting serum
glucose level (mg/ 84.89 + 7.08 79.56 + 6.39 89.89 +10.59  88.00 +10.30 84.43+1271 8843+12.05 0999 0.332 0.800
dL)
LDL (mg/dL) 8351+ 36.02 8093+2456 90.64+2589 87.74+1333 78.26+2899 86.00+2450 0.115 0.884 0.734
HDL (mg/dL) 49.22 £12.07 53.78 + 11.26 49.00 + 11.28 5743 +925 5957 +4.04 4650 +997 0.080 0182  0.668
Non-HDL 95.67 £ 3920 96.00+26.80 106.78+27.85 9229 +16.27 9014 +2942 9917 + 2216 0.098 0.684 0.605
TC (mg/dL) 144.89 + 38.72 149.78 + 22.07 155.78 £ 18.47 14971 £1932 149.71 £ 30.62 145.67 £+ 2295 0.266 0.996 0.362
TG (mg/dL) 60.44 £ 1722  T478 £1943  80.22+24.63 5343+903 58711554 64.83+1267 0710 0.022 0.238
TSH 117 £ 0.43 1.25 + 0.63 1.65 +1.03 177 £ 0.96 2.03 £1.05 192 £1.31 0n4 0.084 0.656
(mlU/mL)
T3 (nmol/L) 2.36 + 0.67 2.31+0.81 2.86 +1.23 2.06 +0.48 211+0.57 232+0.58 0.315 0958 0.238
25-hydroxyvitamin D

11.68 + 2.63 11.22 + 314 1176 £1.77 1191 £ 2.29 13.26 + 4.65 1947 +17.28 0.633 0.265 0.409

(ng/mL)

D group, vit-D supplemented group; C, no reinforcement. ?Data are expressed as mean + SD. Differences between groups D and C [M1-M1 (p»], [M2-M2 (p™)], and [M3-M3 (p9)]
were determined using the independent sample t-test, SD: Standard deviation, M1: First measurement, M2: Second measurement, M3: Third measurement, LDL: Low-density
lipoprotein, HDL: High-density lipoprotein, TC: Total cholesterol, TSH: Thyroid-stimulating hormone, T3: Triiodothyronine, TG: Triglyceride
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levels of the D group increased significantly, but this increase
was associated with a return of the TG value closer to the
normal range. Looking at group D in this study, it can be said
that the HDL-C profile improved in parallel with the increase in
vitamin D levels.

A large-scale cohort study found that increased vitamin D levels
were correlated with increased TC and HDL levels but not LDL
cholesterol. The meta-analysis revealed no correlation between
TC and HDL-C. There was no significant correlation between
LDL-C and TC levels in group D in this study.?®

Considering the relationship between dietary iodine and thyroid
hormones, a significant negative correlation was reported
between iodine intake and TSH levels, but no significant
relationship was found for T3 levels.?' In another study, lambs
were supplemented with iodine, and a significant reduction in
T3 levels was found.?® In the second and M3s of group D, there
was a strong positive correlation between iodine intake and T3

levels as a result of this study, but no significant difference in
TSH levels was found.

It has been observed that the HDL-C levels of those who eat
rich monounsaturated fatty acids increase. It has been stated
that feeding with high-oleic acid oils also increases HDL
concentrations.?”?® The serum LDL to HDL ratio was found to
be lower in those with oleic acid consumption from the two
groups compared with palmitic acid and oleic acid consumption
compared with the palmitic acid consumption group in a study
by Kien et al.?? Although there was not a significant difference
between the groups (D and C) in the first or last measures, it
was found that HDL cholesterol levels decreased in the M2 in
the present study.

In addition, no significant difference was found in the LDL: HDL
ratio. Furthermore, compared with group D, group C consumed
much more vitamin D, calories, protein, fat, cholesterol, linolenic
acid, linoleic acid, myristic acid, lauric acid, palmitic acid, oleic
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Figure 2. Responses of volunteers to biochemistry parameters between and within groups
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Figure 3. Correlation between group D

acid, MUFA, and PUFA. In the M2 in group C (M2), HDL levels
were moderately positively correlated with [-linolenic acid,
linoleic acid, MUFA, PUFA, and fat intake. It is thought that the
decrease in HDL levels in the M2 was due to the experimental
group being fed less in terms of monounsaturated fatty acids,
such as olive oil and oilseeds; group C consumed more vitamin
D than group D, and they consumed less oleic acid. There
were no significant differences in TC, non-HDL, or LDL levels.
Although the study included vitamin D supplementation, no
dietary intervention was provided, so nutritional differences
between the groups may have affected the results.

Studies have indicated that omega-3 fatty acids have advantages
for healthy lipid profiles, but omega-6 fatty acids should be
avoided. An important consideration for improving lipid profiles
is the omega-6 to omega-3 ratio of fatty acids.?* There are
suggestions to decrease the intake of omega-6 fatty acids and
increase the intake of omega-3 fatty acid supplements. The
World Health Organization recommends keeping the omega-6:3
ratio between 5:1 and 10:1. Omega-3 fatty acids lower plasma
TG levels and the lipid profile.®® A significant correlation was
found between LDL-C, TGs, TC, TC/HDL ratio, and omega-6/3
ratio. In the control group in this study, it was observed that
there was a decrease in HDL cholesterol levels between the
second and M3s, and TG levels increased from the first to the
last measurement. It is thought that due to the increase in the
intake of white bread, butter, eggs, sunflower oil, omega-6,
and saturated fatty acids (palmitic, myristic, and lauric), the
omega-6/omega-3 balance is disturbed.

Therefore, HDL-C levels may be reduced.

In summary, although group D received supplementation, dietary
vitamin D intake was lower than that of group C. Therefore, no

difference was observed in serum 25-hydroxyvitamin D levels
between the groups in the M2. In addition, the fact that HDL

levels are high in group C may also be because vitamin D intake
is very high compared with that in group D. The potential to
increase HDL-C levels is related to vitamin D intake. Therefore,
in the final measurement, we predict that an increase in vitamin
D intake will improve HDL levels and decrease fasting serum
glucose levels in addition to vitamin D supplementation.

Study limitations

There are limitations to this study. The volunteers were not
given a standard diet. Vitamin D consumption was assessed
based on self-reported information, and intake was tracked by
requesting a remote photo. Eight weeks are considered a brief
duration for the study. The sample size caused the number of
volunteer participants to be small due to budget limitations.
Therefore, more comprehensive studies are needed to obtain
more evident results.

CONCLUSION

Vitamin D intake in the body is believed to improve fasting serum
glucose and HDL levels. On the other hand, when examined
in more detail, vitamin D intake can be said to improve HDL
levels in normal-weight individuals and to cause fasting serum
glucose levels to be at the desired low level. In contrast, in
individuals with obesity, although serum 25-hydroxyvitamin
D levels increased during the last measurement, no effect
was observed. As a consequence of vitamin D intake, serum
25-hydroxyvitamin D levels are higher in individuals with
normal weight than in those with obesity. Significant positive
correlations were observed between dietary vitamin D intake
and serum 25-hydroxyvitamin D levels and between iodine
intake and T3 levels. In addition, a high omega-6/omega-3
ratio reduces the effect of 25-hydroxyvitamin D intake on
biochemical parameters.
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Consideringtheseresults, itisimportant to implement nutritional
interventions or monitor food consumption, especially when
evaluating the effects on serum lipids and thyroid.
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