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Vitamin D Level in Association with Body Fat
Distribution among Obese Populations in Egypt

Abstract

Background: Both obesity and vitamin D inadequacy are closely related; yet the relationship
between body fat (BF) distribution pattern and vitamin D concentration needs further scrutiny.
Study aim: Analyze the relationship between visceral fat area (VFA) and impaired vitamin D
levels among Qena populations, Upper Egypt. Methods: Adults aging 20 and above seeking
care at the outpatient department (OPD) of Qena University Hospital (QUH) were examined,
fatness indices including body mass index (BMI) and waist circumference (WC) were
measured, and VFA was assayed using bioelectrical impedance analysis (BIA). Visceral fat
obesity (VFO) was specifically measured in association with serum vitamin D3 [25(OH) Ds)]
level. Results: The study comprised 420 subjects, 246 men, 174 women (125 pre-menopausal,
49 post-menopausal). VFO in the case group (46.2%) was higher than overall obesity (21.2%);
men had higher VFO indices [median (IQR)] vs. women: BMI=28.8(13) vs. 25.4(4),
WC=95.2(5) vs. 82.8(8), VFA=117.3(27) vs. 85.5(26), respectively. Men had a lower 25(OH)
Ds [31.1(14.3)] level than women [36.2(19)]. The prevalence of vitamin D deficiency (VDD)
accounted 35.5% in men and 23.7% in all women (p= 0.009). Subjects’ 25(OH) D; levels
[median (IQR)] and VFA quartiles (Qs) were inversely related both in men [38.8(18), 31.4(15),
28.8(16), 23.2(14), p= 0.005] and pre-menopausal women [42.7 (26), 41.2 (25), 36.8 (21),
p=0.03]. Only men suffer increasing vitamin D insufficiency across VFA quartiles (Q1=10.1%,
Q2=13.3, Q3=37.7, Q4=39.8, p= 0.002); while both men and pre-menopausal women sustain
escalating VDD pattern under VFA quartiles (Q1 20.1%, Q2 39.6, Q3 45.2, Q4 55.3, p<0.0001),
(Q1 18.7%, Q2 20.3, Q3 23.6, Q4 37.1, p =0.00032), respectively. Men and pre-menopausal
groups with the highest VFA were prone to 25(OH) Dj; insufficiency/deficiency, compared with
the lowest VFA groups [OR men 5.7 (95% CI 3.1 — 9.2; p=0.02), OR women 95% CI 2.2 - 4.5,
p=0.009]. Conclusions: Higher VFA may be risk for vitamin D inadequacy in men and pre-
menopausal women. That VFA assessment using BIA provides a sex-specific adiposity
measurement in identifying vitamin D inadequacy; VFA can be used as a simple and cost-
effective method in population-based screening to prevent VDD, especially among high risk
groups.
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Introduction

Obesity is a significant health problem worldwide of some variability in its prevalence and
burden, being worse in developing countries. [1] Despite the relentless international and
national works to control the obesity problem, the prevalence of obesity with its associated
risks and health derangements is on the rise. According to the World Health Organization
(WHO), obesity has more than doubled since 1980, [2] and as of 2003, a number of 1.7 billion
overweight/obesity persons was estimated. [3] By 2014, more than 1.9 billion adults 18 and
older were overweight, including 600 million who were obese. [2] These figures represent 39%
and 13% of adult population, respectively. Using the WHO classic definitions [body mass
index (BMI) 25 kg/m” = overweight, BMI 30 kg/m” = obese] and factoring the estimated
overweight and obesity rates globally, governments are often condemned of being
insufficiently capable and oriented of the most major risks to health affecting the world’s
population. [4] The excess weight of the enlarged adipose tissue mass together with the
metabolic changes of obesity can induce serious health problems, increasing the risk for many
chronic ailments. For instance, obese persons have more than double risk to have
hypercholesterolemia than others. Diabetes is also known with its strong positive relationship
with obesity, and peculiarly potentiating the state of insulin resistance. [5][6]

Mechanisms and precipitating factors of obesity: Several factors have been incriminated in
the development of obesity, including: a) genetic factors, e.g. variants of leptin gene that
causes a deficiency of the leptin hormone responsible for modulation of eating behavior and
regulation of adipose proliferation, [7] b) energy imbalance where caloric consumption
exceeds the need, ¢) fat cell theory, such that an increased proliferation of fat cells and
adipose tissues (AT) during childhood predisposes to adulthood obesity, [8] d) behavioral
factors, including irresistance to eating when food is available and eating when depressed,
and e) the central regulation theory that incorporates the affection of hypothalamus upon the
development of improper appetite control. [9][10]

Body composition and BF assessment: Evaluation of the body composition is used to
describe the percentages of fat, bone, water and muscle in human bodies. Several methods
are known to evaluate and measure body components proportions, with variable degree of
sophistication and acceptance. Especially fat mass (FM) has been focus for a range of
chronic disease risks and obesity research. [11] Although body fat (BF) percentage has been
strongly associated with the risk of several chronic diseases, its accurate measurement is
difficult. Mathematically, rather accurate estimate of body composition, including BF, is
derived from “body density” (= mass/volume), by means of the equation of “fractional
densities” (densitometry calculation). [15] More recently, body composition started to be
measured with radiographic scans, e.g., DEXA. [12] The latter is considered as the gold
standard in body composition testing above underwater weighing techniques, and the likes.
[13] Other methods to measure body constituents include computed tomography (CT) and
magnetic resonance imaging (MRI) scans, sulfur hexafluoride dilution method, air
displacement plethysmography, [14] however they are expensive and/or bound to radiation
exposure hazard.
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Numerous techniques have been developed to assess visceral adipose tissue (VAT), such as
BMI, WC and WHR measures, MRI, as well as “bioelectrical impedance analysis” (BIA).
[15] Especially BIA has been found to predict DXEA-derived percentage BF with a higher
correlation with that acquired by DEXA, CT and MRI. [13][18] Using BIA is primarily
based on electric resistance difference between fat and other organ components and that BF
impedes electric current more than body protein. (Impedance encompasses a drop in voltage
when a small current with fixed frequency passes between electrodes spanning the body).
Lean tissue (rich in water and electrolytes) though has minimal impedance and increases to a
maximum when all lean tissue is replaced by fat/adipose tissue. Hence, lean BM and FM can
be calculated from the difference in conductivity. [12]

Vitamin D and obesity: Recently, overweight and obesity have been shown to be related to
low vitamin D status. [12] Around one billion people worldwide suffer from VDD [17-19]
which may result from limited exposure to sunlight, long-term wearing of covering clothes,
use of sunscreen, age as well as low consumption of food containing ergocalciferol (vitamin
D,), and malabsorption syndrome. [22-23] Vitamin D receptors (VDR) and the 1a-
hydroxylase enzyme, which catalyzes the conversion of calcidiol [25-hydroxyvitamin D, or
25(0OH) D] to calcitriol [1,25-dihydroxyvitamin D, or activated vitamin D 1,25(OH), D],
were found in more than 40 human cell types [19-21] indicating its potential role in the
regulation of numerous metabolic processes. Further, there may be a connection between
vitamin D levels and cardiometabolic diseases collated in the “metabolic syndrome.” [22]
The latter involves a combination of obesity, impaired glucose tolerance (IGT) and type 2
DM; HTN, and atherogenic dyslipidemia. [23] On the other hand, increased BF may well be
associated with low circulating 25(OH) D level. [11][22][24] Therefore, it is possible that
subjects with a normal WC may be more prone to VDD if they have centrally located BF.

Obesity-vitamin-D relationship directionality: Research shows an extraordinarily high
prevalence of VDD afflicting a high proportion of both elderly and younger populations. [25]
[26] Lower vitamin D intake, less exposure to ultraviolet light (UVL), anticonvulsants,
dialysis, nephrotic syndrome (NS), HTN, DM, higher intact parathyroid hormone (iPTH) and
alkaline phosphatase (ALP), and lower serum concentrations of Ca' and albumin were
predictors of hypovitaminosis D. Unexpectedly, 43% of those with vitamin D intakes at or
above the recommended daily allowance were also vitamin D-deficient. [26] In their pursuit
of exploring the strength and directionality of the relationship between obesity and vitamin
D, researchers may have been influenced by the hypothesis that obesity can be risk factor for
decreased vitamin D levels. [22][27] In practice, it has been consistently observed that
increased FM and obesity both predispose to lowered circulating 25(OH) D levels, [15]
[11][28-29] in a straightforward assumption about the temporal relationship between high
BMIs and decreased vitamin D level and its impaired metabolic pathways. [30] As such, it
has been postulated that a maintained vitamin D level could be among the protective factors
against obesity and increased FM in risky people. [11][31][32] Providing compelling
evidence to the inquiry ““is obesity an independent factor for VDD or is it VDD that
independently predisposes to exaggerated FM and obesity; or is it a little of both™ yet is still
awaited [29] In the presence of the epidemic prevalence of obesity [2-3] and the prevalence
of impaired vitamin D levels among today’s populations, [ 16-18] conducting large-scale
experiments recruiting a large size of controls to track the variability in vitamin D levels
against body weight and record accurate diet history over years of study is warranted yet
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rather difficult. However, in the study by Leblanc et al. (2012) [32] on 9704 US cohort of
women aged>65, higher vitamin levels were consistently associated with lower weight gains,
suggesting hypovitaminosis D may predispose to fat accumulation. In the laboratory,
1,25(OH), D may influence the mobilization of free fatty acids (FFAs) from the adipose
tissue as well as metabolism of fat cells, whereas randomized controlled trials in human
showed a similar, but a modest weight reduction with vitamin D supplementation. [29]
Baseline 25D concentrations were examined in relation to prevalent and cumulative incident
obesity in a study of 2460 adults; whereas in addition to prevalent obesity, serum 25D
concentrations <50 nmol/L were significantly associated with new-onset obesity. [33]
Although this does not prove a causative effect, it is highly suggestive and warrants further
research.

Vitamin D biophysiology: Vitamin D3 (cholecalcifereol) is synthesized in the skin [after
UVL exposure] and then is stored until needed. Calcitriol stimulates intestinal calcium
absorption by interacting with vitamin D receptors in the small intestine. The net effect is an
enhancement of calcium entry through an epithelial calcium channel. [25] Vitamin D is 25-
hydroxylated in the liver in a largely unregulated step and activated to calcitriol by 25(OH)
D-1-a hydroxylase in the kidney. [34] In the physiological state of calcium deficiency, iPTH
levels rise resulting in renal 1-hydroxylation of 25(OH) D and increased production of
1,25(0OH), D. Calcitriol interacts with the vitamin D receptors on osteoblasts to generate
“receptor activator of nuclear factor -kB ligand” (RANKL) on their surface membrane.
Interaction with the RANK receptors on pre-osteoclasts induces maturation to fully mature
osteoclasts that are essential for osteoclastic bone resorption with subsequent release of
calcium into the extracellular space. [34-35] Depending on the latitude, 15-30 minutes of
direct daily spring/ summer/fall midday sun exposure is sufficient to provide all vitamin D
requirements. [25] Assessment of vitamin D depot is best done by measurement of 25(OH)
D. The definition of normal levels of 25(OH) D has changed in recent years as the effects of
mild VDD have become known. Most commercial laboratories still use 9-15 ng/ml as the
lower limit of normal for vitamin D. Despite the controversy, optimal serum levels to avoid
increases in iPTH are at least 20 ng/ml; meanwhile investigators have suggested the
appropriate serum level is 32 ng/ml. [36] Several reviews have found high prevalence of
VDD worldwide, [37][38] even in countries with low latitude, where it was generally
assumed that UVB radiation was adequate enough to prevent VDD, and in industrialized
countries, where vitamin D fortification has been implemented now for years. The one-
billion-figure hypovitaminosis D subjects, worldwide [17-19] supposedly involves all
ethnicities and ages. Strikingly, almost one-third of the developed populations may be
suffering hypovitaminosis D. [21] The situation in the Middle East and the North African
region is worse, and it is more prominent in women of varying ages. [39]

Obesity, and a higher muscle mass play a principal role in the majority of vitamin D
biophysiological derangements, [16][20][21] given the vitamin’s fat-soluble nature which
implies BF may act as a “sink” by collecting the vitamin. [25] The clinical consequences of
VDD include osteomalacia, increased susceptibility to fragility fractures, bone pain, and
muscle weakness. Vitamin D deficiency should be suspected in patients who have fat
malabsorption syndromes (e.g., Crohn’s Disease, intestinal bypass surgery). [19][20] It has
been also found that elderly patients with the low vitamin D level were 11-folds prone to be
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depressed than those who received healthy doses.[40] Change in serotonin level; (rises with
exposure to bright light and diminishes with darkness) could be behind this association.
Vitamin-D deficiency has also been incriminated in bone aches, especially in combination
with fatigue conditions. [41] Drug, such as phenytoin, phenobarbital, cadmium, rifampin and
cholestyramines are known to interfere with vitamin D metabolism and absorption. [42]

The high prevalence of obesity constitutes a heavy burden upon the public health system and
national economy. In turn, VDD may be another health problem overwhelming the Egyptian
population’s health with little signs to wane off in the foreseen future; both conditions have
consistently been occurring in parallel, whether in the same individual or the same population.
Given the scarcity of knowledge, if any, about the prevalence of VDD states among adult obese
individuals in Upper Egypt, this study was performed to explore the presence and size of this
relationship among a sample of obese Qena residents with or without comorbid chronic diseases
and correlates. The distinctive difference in fat distribution pattern between men and women, as
well as between pre-menopausal and post-menopausal women and its effect on serum 25(OH)
D; levels supports selecting VFO assessment via BIA to achieve study goal. Findings from this
work can be of help in planning for a remedial strategy to control and prevent the escalating
obesity- vitamin D health problem which has been encountering the national health system
since decades and throughout the foreseen future.

Methods

The study was conducted at the outpatient department (OPD) setting of QUH. A cross-
sectional design was selected to achieve study aim. Adult care seekers currently registered in
QUH medical information system either Qena residents or those referred from affiliated
institutions in surrounding governorates were targeted. The study cohort constituted subjects
aged 19 and above from both sexes coming to OPD either upon appointment, walking in or
referrals during mid-October-to- November 2016. Selected OPD clinics included internal
medicine, family medicine, medical subspecialties, nutrition, ophthalmology, and ENT. No
subject was enrolled if any of the conditions affecting vitamin D metabolism was found,
including osteoporosis, being on hormone replacement therapy, liver disease, kidney
disease, being on diuretics, hyperparathyroidism, hyperthyroidism, infectious diseases,
psychiatric disease, presence of tumor or lymphomas. [34] Having malabsorption as in celiac
disease and Crohn’s disease, [21] syndromal obesity, severe disability, occurrence of bone
fracture within the past six months and having stents or history of CVD were exclusion
causes. Pregnant women were also not enrolled. Importantly, all subjects should not have
had previous history of weight loss- bariatric surgery.

Sampling: Epi Info™ software (version 7.2) (http://www.openepi.com/SampleSize/SSPropor.htm)
for sample size -population fraction calculation was used, with the following assumptions: a)
population size “N”’= 1000,000, b) hypothesized % frequency of VDD in the population (P):
35% =5, ¢) confidence limits as % of 100 (absolute + %) (d)= 5%, and d) design effect
(DEFF): 1. A sample size “n”= 349 was obtained. In order to make up for incomplete data,
invalid responses, and withdrawals, an estimated 20% increase in calculated “n” would be
added, so 420 subjects (= 349*1.2) would be recruited. The study sample frame consisted of
people from the general population seeking care with QUH which can include subjects of
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weight and BF ranging from underweight — up to obesity with or without comorbidity, as well
as subjects with different vitamin-D levels. The OPD clinics would be attended daily as 10
days a week (Sunday-Thursday) during working hours, patient flow rate identified, and both
new and follow-up visits randomly selected until all required sample size has been
accomplished, depending on the daily rate of patient visit, following a systematic sampling
approach (essentially every third adult visitor). That said, we were able to recruit 10 subjects
per day on average until all 420 subjects were recruited in the study’s 22 month duration [10
patients/d * 5 days/week =50 patients/week; 420/50=82 weeks ~2'2 months].

Data collection tools: A validated version of the “Behavioral Risk Factor Survey” questionnaire
[43] in Arabic was used. It consists of 44 “items” (questions) in 5 scales, important of which
are: a) demographic criteria, b) risk factors (e.g., smoking and drinking behaviors); C) lifestyle
(e.g., eating habits, diet indicators, exposure to sun, daily time spent outdoors, sunscreen use,
PA, and vitamin D supplement), and d) health and disease status (e.g., HTN, DM, CVD,
dyslipidemias, and menopausal status). A woman was considered post-menopausal if she
reported menses had ceased for 1 year or more, and age at menopause was self-reported as
previously reported. The questionnaire takes 20-25 minutes to complete. Participants were first
informed of the study aim, and it was made clear that participation was voluntary. They were
also reassured of the confidentiality of the provided information. A verbal consent from
participants was considered a personal permission to take part in the study. Only returned
questionnaires with valid answers on >80% of the items were included in the analysis.

A proforma including reviewed medical data with BMI, WC, BP, measurements, comorbid
conditions, provisional diagnoses, laboratory results, and management plans, was designed.
Cases then submitted to clinical examination to identify their obesity, and also confirm and
complete all required clinical data, including measurements, comorbidities, cardiometabolic
disorders such as T2DM, HTN, sleep apnea or other respiratory disorders, lipid abnormalities,
gastrointestinal disorders and CVD. Blood pressure (mmHg) was measured at the right arm in
sitting position, using mercurial sphygmomanometer and stethoscope after 10 a minute rest in
the supine position then record systolic and diastolic BP. A cuff of a size appropriate to the arm
circumference was used. Hypertension would be defined as a SBP of 140 mmHg or higher (or
a diastolic BP of 90 mmHg or higher). [44]

Anthropometric measurements: Weight was measured to the nearest of 0.1 kg on physician
balance beam scales wearing light clothes and with no shoes. All scales were identical and
calibrated with a standard InterASIA protocol. [43] Height was measured without shoes to
the nearest of 0.1 cm using a stadiometer. Subsequently, BMI was calculated [BMI = weight
(kg)/ height (m?)]. Results of BMI were compared to the following standard: <18.5kg/m’=
underweight, 18.6-24.9kg/m”= normal weight, 25-29.9kg/m”= overweight, >30kg/m’= obese.
[12] Waist circumference was measured mid-way between the lateral lower ribs and the iliac
crest, as per standardized WHO STEPS protocol, [45] using tape measure, with cut-off points
for men: WC>94 cm [consistent with BMI 25-<30 (overweight)] and WC>102 cm
[consistent with BMI>30 (obese)]; and cutoff points for women as WC>80 (consistent with
overweight and WC>88 cm (consistent with obesity). Waist circumference could be used to
reflect our individuals’ VFO condition. In which case, VFO is considered with WC >102 cm
for men and WC >88 cm for women. [46]
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Abdominal VFA estimation by BIA: Novel VFA as a sex-specific index for VFO [47] was used
to analyze the association of 25(OH)Djs level and VFO in our study pogr)ulation. [48] Abdominal
VFA was estimated using “multifrequency BIA machine” (Inbody720™); Inbody Co.) for the
subjects in a fasting state on the same day as their blood test. Subjects were requested to refrain
from smoking and strenuous exercise for 48 h prior to measurement. After the subjects had been
guided to stand on the platform of the device, age and gender information were entered into the
machine. After confirming that the subject was standing correctly with both arms 45° apart from
the body and both feet correctly placed on platform, a supervisor pushed the start button to
perform assessment. In the study, VFO is defined as a VFA exceeding 130 cm? in men and

100 cm® in women. [49] This VFO definition well coincided with WC >102 c¢cm for men or

>88 cm for women. [46]

Biochemical analyses: Tests of our focus included: serum vitamin D level [25(OH) D], fasting
plasma glucose (FPG) level, lipid profile, and serum 25(OH) D; level. Diabetes was diagnosed as
per the WHO standard as “FPG >126 mg/dl.” [50] High total cholesterol was defined according
to the Adult Treatment Panel III (ATP III) guidelines as TC>240 mg/dl. [51] Total serum
25(OH) Ds level was assayed by the high-performance liquid chromatography (HPLC) method.
[12] A serum level of 25(OH) D3;<20 ng/ml was considered VDD, whereas 20—<30 ng/ml
insufficient; and to maximize vitamin D effect for health, 25(OH) D; should be >30 ng/ml (>75
nmol/L). [17]

Statistical analysis: Most of the entered variables involved anthropometric and biochemical data
e.g., age, BMI, WC, VFA, FPG, TC, were interval ratio scale (IRS). These were principle
covariates the effect of which on 25(OH) D; level, as the dependent variable (IRS) of interest
would be assessed. Collected data were entered to MS program with adequate back up; open-
ended questions coded, and observations made ready for statistical analysis. First, descriptive
statistics, including frequency data, would be displayed. Quantitative data will be summarized as
mean + standard deviation (SD), range, quartiles (Q1, Q2, Q3, Q4), or median and interquartile
range (IQR), where appropriate. Quantitative data were summarized as count (%). Analytical
statistics includes parametric techniques (PMTs), e.g., student t-test comparing the mean
difference between two independent groups. [Normality would be first assessed us using one
sample Kolmogorov-Smirnov (K-S) test; otherwise, non-PMT alternatives such as Mann-
Whitney-U test, would be calculated]. Testing the difference between more than two groups in
their observed levels of the continuous outcome variable that is skewed, Kruskal Wallis test
would be calculated. Either a Pearson’s correlation or a Spearman’s correlation, depending on
normality distribution to compare the strength of correlation between selected continuous
variables could be attempted. Non-PMT techniques, e.g., chi-square test (or Fisher’s exact,
where appropriate) would be used for the relationship between categorical variables. In which
case, the odds ratio (OR) with the 95% confidence interval (CI) could be used. The SPSS
(Chicago, IL) software- version-20 was used for statistical analyses. All tests were done at level
of significance 0=0.05; results with p-values<0.05 considered “statistically significant.” A pilot
administration was first performed, and an acceptable - strong reliability for the questionnaire’s
items and scales was found (rho= 0.7 or above).



321  Ethical approval: The study was conducted in accordance with the Declaration of Helsinki;
322 required permissions, including arrangement with QUH management and OPD officials were
323 obtained. Further, approval of QUH research ethics committee to perform the study and

324  access QUH under guidance for the study purpose was granted.

325

326  Results

327

328  Table 1: Distribution of the study group by anthropometric biochemical criteria

Observation value Test p-
Characteristics Male Female statistic value Total

Age (y) (IQR) 44.2 (13) 39.1(11) U=19228.0 0.076 42.3 (13)
BMI (kg/m”) (IQR) 28.8 () 254 4) U=15634.0 0.001 26.6 (5)
WC (cm) (IQR) 95.2 (10) 82.8 (8) U=17945.0 <0.0001 89.8(8)
VFA (cm’) (IQR) 117.3 (27) 85.5 (26) U=13416.0 0.003 92.4 (30)
SBP (mmHg) (IQR) 123.7 (16) 109.3 (12) U=14762.0 <0.001 110.6 (13)
Total cholesterol (TC) 0.120
(mmol/L) (IQR) 59 (1.1) 5.0(0.9) U=12430.0 5.3(1.0)
FPG (mmol/L) 6.1 (1.0) 54 (IQR0.9) U=14041.0 0.012 5.7(1.2)
25(0OH)Ds (ng/L) (IQR) 31.1(14.3) 36.2 (IQR 19) U=12743.5 0.004 35.1 (20.4)
Obesity (%) 17.5 (43/246) 26.4 (46/174)  y*(df1)=4.9 0.029  21.2 (89/420)
VFO (%)

WC: men>102; women> 88 (cm)  50.2 (=123/245) 40.4 (=70/173) yX(dD=3.9 0.047 46.2 (=193/418)

VFA: men>130; women>100 (cm’) 37.8 (=92/243) 22.8 (=40/174) »*(df1)=10.3 <0.0001 31.6 (132/417

25(0OH)D; status

Insufficiency (%) 21.1 (=52/246) 31.0 (=54/174) y'(df1)=5.3 0.021  25.3 (=106/420)
Deficiency (%) 35.5 (=87/245) 23.7(=41/173) y'(df1)=6.8 0.009  30.6 (=128/419)

ggg Table 2: Distribution of the study group by VFA quartiles in male subjects

Quartiles of VFA (cm?) p-value
Q1 (<90.6) Q2 (90.6-116.4) Q3 (116.4-139.7) Q4 (=139.7)

n 59 70 60 57

Age (y) (IQR) 41.4 (10) 443 (11) 46.1 (12) 48.1 (13) 0.098

BMI (kg/m”) (IQR) 2554) 28.8 (5) 30.2 (4.8) 31.9(5.2) 0.034

WC (cm) (IQR) 86.6 (5.2) 94.3 (6.3) 96.3(5.7) 103.4 (7.1)  0.006

SBP (mmHg) (IQR) 119.9 (11) 123.8 (14) 121.6 (11) 124.9 (13) 0.11

TC (mmol/L) (IQR) 5.1(0.09) 6.0 (1.0) 6.3(1.2) 6.6 (1.3) 0.007

FPG (mmol/L) (IQR)  5.7(0.9) 6.2 (1.1) 6.0 (0.8) 6.6 (1.5) 0.06

25(0OH)D; (ug/L) (IQR) 38.8 (18) 31.4(15) 28.8 (16) 23.2(14) 0.005

331

332  Asin Table 1, the prevalence of VFO was generally higher than obesity. Males had higher
333 BMI, WC, VFA, SBP, and FPG levels than females. However, men were less obese and had
334 lower 25(OH)D; levels than females. Both sexes however did not vary either in the age or TC

8



335

levels. The prevalence of VFO and VDD was higher in men, whereas the prevalence of

336  obesity and vitamin D insufficiency was higher in women.
gg; In Table 2, higher VFA quartiles encompassed higher men’s BMI and WC indices. Men’s TC
339  observations also increased with VFA levels; while FPG did not. Age, SBP also did not
340  significantly vary between VFA quartile groups. Significantly, too there was an inverse
341  relationship between VFA and 25(OH) Ds levels in men.
gfé Table 3: Distribution of the study group by VFA quartiles by menopausal status
Pre-menopausal Quartiles of VFA (cm?)
Quartiles (Q) Q1 (<57.6) Q2(57.6-73.4) Q3(73.4-90.2) Q4(=90.2) p-value
n 28 36 32 29
Age (y) (IQR) 32.3(6.5) 35.2(8) 37.1(7) 39.2 (6) 0.06
BMI (kg/m?) (IQR) 22.9(1.8) 24.0(1.5) 253 (2) 28.1 (3) 0.002
WC (cm) (IQR)* 73.8(4.5) 77.3(5) 81.0(5.5) 88.4 (7) 0.03
SBP (mmHg) (IQR)** 100.7 (11) 101.3 (10) 105.5 (11) 109.8 (13) 0.02
TC (mmol/L) (IQR) |= 4.5 (0.7) 4.8 (0.8) 4.9 (0,8) 5.2(0.9) 0.13
FPG (mmol/L) (IQR) ||- 4.9 (0.5) 5.2 (0.6) 5.5(1.0) 5.8(0.9) 0.05
25(OH)Ds (ug/L) (IQR)  42.7 (26)  41.2 (25) 36.8 (21) 33.8 (24) 0.003
Post-menopausal Quartiles of VFA (cm?)
Q1 (<77.5) Q2(77.5-99.1) Q3 (99.1-125.2) Q4 (125.2>) P-value
n 15 13 11 10
Age (y) (IQR) 57.6 8) 58.7 (6) 58.2(5.5) 58.9(4.8) 0.34
BMI (kg/m”) (IQR) 23.1(1.7) 24.6(1.7) 26.6 (2.2) 29.8(2.7)  0.040
WC (cm) (IQR)* 78.6(4.5) 82.5(2.3) 87.3 (4.5) 96.6 (6.4)  <0.0001
SBP (mmHg) (IQR)**  115.8 (15) 118.9 (17) 122.5 (14) 124.2 (15) 0.36
TC (mmol/L) (IQR) [= 5.8 (0.9) 5.5(0.7) 5.7 (1.2) 5.6 (1.1) 0.31
FPG (mmol/L) IQR)|} 5.4 (1.3)  5.8(1.1) 6.1 (1.5) 58(0.9) 043
25(0OH)Ds (png/L) (IQR) 32.5(22.0) 33.7(20.2) 29.0 (21.0) 26 (19.1) 0.18
344 * WC: Waist circumference ** SBP: Systolic blood pressure
345 |=: Total cholesterol ||- FPG: Fasting plasma glucose
gjg As in Tables 3, fatness covariates both in pre-menopausal women and post-menopausal
348  peers were consistently associated with VFA quartiles; the higher VFA quartile the higher
349  BMI and WC. Age, SBP and TC did not vary between VFA quartiles. Unlike men, FPG
350 levels did not associate VFA levels. Only pre-menstrual women had an inverse relationship
351  between VFA and 25(OH) Ds levels, while post-menopausal peers did not.
352



353 Table 4: Vitamin D insufficiency (%) status per VFA quartiles in the study group

25(OH)Ds Men’s VFA Quartiles (cm?) p-value
insufficiency 1 <00.6)  Q2(90.6-1164) Q3 (1164-139.7) Q4 (=139.7)
Prevalence (%) 10.1 13.3 37.7 39.8 0.002

Pre-menopausal women’s VFA Quartiles (cm?)

Q1 (<57.6)  Q2(57.6-734) Q3(73.4-902)  Q4(>90.2)

Prevalence (%) 30.2 31.0 31.5 33.1 0.68

Post-menopausal women’s VFA Quartiles (cm?)

Q1 (<77.5) Q2 (77.5-99.1) Q3 (99.1-125.2) Q4 (125.2>)

Prevalence (%) 28.2 299 26.2 33.8 0.13

354

355  Men report an increasing 25(OH) D3 insufficiency with increasing VFA quartiles. No such trend
356  was reported among pre-menopausal or post-menopausal women (Table 4).

357

358 Table S: Vitamin D deficiency status per VFA quartiles of the study group
25(0OH)Ds Men’s VFA Quartiles (cm?) p-value
deficiency Q1 (<90.6) Q2 (90.6-116.4) Q3 (116.4-139.7) Q4 (>139.7)
Prevalence (%)  20.1 39.6 45.2 55.3 <0,0001

Pre-menopausal women’s VFA Quartiles (cm?)
Q1 (<57.6) Q2(57.6-73.4) Q3(73.4-90.2) Q4(=90.2)
Prevalence (%)  18.7 20.3 23.6 37.1 0.0003
Post-menopausal women’s VFA Quartiles (cm?)
Q1 (<77.5) Q2(77.5-99.1) Q3(99.1-125.2) Q4 (125.2>)

Prevalence (%) 44.6 40.3 42.5 46.2 0.24

359
360  The prevalence of VDD across VFA quartiles tended to increase in men and only in pre-
361  menopausal women (Table 5).

362
363 Table 6: 25(OH) D; level and fatness indices correlation: BMI, WC, VFA
Group Fatness index rho p-value
BMI (kg/m”) —0.40 0.05
Men WC (cm) —0.36 0.05
VFA (cm?) —0.38 0.05
Pre-menopausal women  BMI (kg/m®) —0.30 <0.05
WC (cm) —0.90 <0.05
VFA (cm’) —0.20 <0.05
Post-menopausal women BMI (kg/m®) —0.05 >().05
WC (cm) —0.12 >(.05
VFA (cm”) —0.10 >0.05
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364  Table 6 shows the correlation between fatness indices and 25(OH) D; level among the study
365  groups. All reported 25(OH) D; values for men and pre-menopausal women were significantly,
366  yet weakly correlated with corresponding BMI, WC and VFA levels. Post-menopausal

367 women’s 25(OH) D;; however were not significantly correlated with all fatness indices. .

ggg Table 7: Fatness indices in vitamin-D insufficiency& deficiency group combined by gender
370
95% CI
Gender Fatness index OR* Lower | Upper p-value ***
BMI <30 1.0
>30 4.2 1.9 5.6 0.030
Men WC <102 1.0
>102 4.4 2.3 5.1 0.008
Q2 (90.6-116.4) 1.8 0.72 3.4 0.070
VEA®® 1 Q3 (116.4-139.7) 4.1 23 59 | 0010
Q4 (>139.7) 5.7 3.1 9.2 0.002
Pre-menopausal  |BMI <30 1.0
women >3() 4.2 2.2 7.2 0.003
WC <88 1.0
>88 3.6 2.0 4.7 0.020
VEA** Q2 (57.6-73.4) 1.5 0.61 2.5 0.45
Q3 (73.4-90.2) 1.8 0.52 1.9 0.28
Q4 (>90.2) 3.4 1.2 4.5 0.009
Post-menopausal |BMI <30 1.0
women >30 2.0 0.95 3.6 0.06
WC <88 1.0
>88 1.4 0.78 2.1 0.37
Q2(77.5-99.1) 1.1 0.26 1.9 0.65
VEA™ 103 (99.1-125.2) 1.6 0.43 28 | 050
Q4 (>125.2) 1.5 0.73 2.3 0.25

371 * OR for Q1 FVA levels for men and women categories = 1

372 ** OR (95% CI) VFA as one variable: Men: 2.3(1.4-3.2); premenopausal: 1.7 (1.1-3.2), postmenopausal: 1.4 (1.1-1.9).
373 ##* p-value for trend: Men: <0.0001; premenopausal: 0.009, postmenopausal: 0.02

374

375  Table 7 exhibits the strength of association, measured by OR(95 % CI) between fatness indices
376  and vitamin D inadequacy (insufficiency/deficiency) among the study gender groups. In men,
377  all fatness indices significantly impacted 25(OH) Djs status. For instance, men with the highest
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VFA were at 5.7-fold risk of 25(OH) D3 inadequacy compared with lowest VFA peers (95%
CI3.1-9.2; p=0.02). Likewise, the pre-menopausal women with highest VFA were 3.4-times
prone to inadequate 25(OH) D3 concentrations than lowest VF peers (95% CI12.2 - 4.5, p
0.009). Other fatness indices among these women were likewise significant correlates for
inadequate vitamin-D levels. In post-menopausal women, all fatness indices did not
significantly impact impaired vitamin-D status. Importantly, all study sex groups including
post-menopausal women have shown a significant 25(OH) Dj; insufficiency/deficiency trend
vs. reported FVA levels.

Discussion

This work has been perfumed a midst an increasing concern of most healthcare systems and the
research community about obesity, [1-4] its precursors and nutritional and lifestyle correlates
[7][9] and subsequent and health consequences. [5-6] The risks connected to obesity are
countless, inflecting almost all health, metabolic, and nutritional aspects and body systems. [11]
Especially the risk of deranged vitamin D concentration and metabolism in association with the
risk of obesity is incriminated. [11][15][20-23][27-29] Whether there is a direct temporal relation
between the two risks and that either risk can be cause to the other is still under thorough search.
[22][27][2930] A major determinant regulating vitamin D biophysiology involves exposure to UV
light, where vitamin D3 (cholecalcifereol) is synthesized in the skin and then stored until needed.
[31=25] While it would not be difficult to explain the probability of a high prevalence of vitamin
D insufficiency/deficiency in cold climate zones with long winter and less sunrays, [26] it would
not be as easy to explain why VDD is likewise prevalent in zones with ample sunlight year-round.
In this study, we could confirm that VFO was significant risk impaired vitamin D level whether
insufficiency and deficiency among the study population groups, namely men pre-menopausal
women. Evidently, the greater VFO the greater would be the risk for vitamin D insufficiency or
deficiency.

Vitamin D metabolism, including storage, distribution and action are now known to influence -
and also be influenced by the individual’s adiposity condition. [11][20-23][2729] [30][32]
Particularly observational studies confirm the presence of such risk in people with central obesity.
[11][15][29] Active 1,25(OH) D may influence the mobilization of FFAs from the adipose tissue.
[36=19] Extensive research has shown that vitamin D, supplementation in large doses may lead to
increases in energy expenditure in adipose tissues. [11][30] Consistent with this, our findings
indicate that serum 25(OH) D3 level decreases in subjects with obesity and this decrease was
closely correlated with fat distribution, particularly central obesity and VFO. [11][15][29]

A large body of literature also concluded that 25(OH)D deficiency is a potential risk factor for
obesity and the development of insulin resistance leading to type 2 DM.

Although the mechanism for the association between obesity and vitamin D insufficiency has not
yet been explained, research strongly suggests that individuals with obesity are liable to vitamin D
insufficiency/deficiency, [31] perhaps due to increased sequestration of the vitamin in the
voluminous visceral adipose tissue in the obesity. [16][20-21] This may lead to less vitamin D
released into the blood, and consequently these individuals may have lower serum 25(OH)

D; levels. These individuals may therefore need to increase their vitamin D intake to build up
serum 25(OH) Dj; levels comparable with individuals with normal BMI. [22][27][29] It has also
been suggested that vitamin D insufficiency may stimulate lipogenesis as the result of increased
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424  calcium influx into the adipocytes mediated by increased synthesis of PTH. This further suggests
425  that vitamin D insufficiency itself could cause obesity. Minimal outdoor activity and maximum
426  skin covering by clothing among obese persons also limits photochemical subcutaneous synthesis
427  of vitamin D. [25-26] Studies indicate that higher BMI has been associated with lowered vitamin
428 D status, [30] providing evidence for the role of obesity as a causal risk factor for the development
429  of VDD on genetic basis, [7-8] particularly based on bi-directional genetic approach. [30]

430

431 A strong association between VFA and vitamin D insufficiency/VDD has been found in this
432  study; however its temporal nature could not be ascertained in presence of a cross-sectional
433 design. Further, this study provides evidence for an expectedly inverse association between
434 VFA and serum 25(OH) D3 among the study’s sex groups, namely men and pre-menopausal
435  women. Similar finding were also recorded in equivalent European [52] and southeast Asian
436  studies. [53] Moreover, our study was able to incorporate both men and women and further
437  adjust for the effect of menopause upon women’s vitamin D status. Particularly male subjects
438  have been susceptible to vitamin D insufficiency/deficiency on top of increased VFO

439  standard and other elevated fatness indices levels. Likewise, the prevalence of both obesity

440  and VFO in men was higher than that in women, the mechanism of which may well be

441  explained by the sequestration and dilution effect of the adipose tissue upon vitamin D

442  content. There was likewise a significant difference in VDD in association with VFA

443  quartiles among pre-menopausal but not among post-menopausal peers. However, an overall
444  significant 25(OH) Ds insufficiency/deficiency trend has been found in postmenopausal

445  women when FVA was handled as an overall VFA but not VFA quartiles. Other studies,

446  addressed an impaired vitamin D status in post-menopausal-age women. [32] The relatively
447  small number of post-menopausal women in our study (49 subjects), may have been the

448  reason why the analysis could not reveal a significant relationship. In the longitudinal study
449 by Leblanc et al. published 2012, [32] more than 9000 women were recruited to determine

450  the relation between 25(OH) D and weight gain. While our study targeted men and women of
451  all adult age range, Leblanc and collaborates were only concerned with old-age candidates.
452  Studies endorse the close link between impaired 25(OH) D3 concentration and both obesity
453  and linked chronic and metabolic diseases, e.g., hyperlipidemia, HTN, and T2DM; [18-

454  24][31][33] and the subsequent increased likelihood of developing CVD. [22] [54-55]

455  Likewise, researches on the vitamin D-metabolic syndrome complex are being performed

456  largely. Lower vitamin Ds levels were likewise associated with metabolic syndrome

457  components, such as obesity, HTN, IGT, as well as an increase in homeostasis model

458  assessment of insulin resistance (HOMA-IR), and especially obesity was highly associated

459  with such insulin resistance and low vitamin D3 levels in comparison with normal weight

460  subjects. [18][20][22][31] Actually, active release of FFAs from adipose tissue can induce

461  insulin resistance, whereas 1,25(OH) D has been shown to counteract the FFA-induced

462  insulin resistance. [29][35] Further, larger VFA levels and VFO have been related to a higher
463  prevalence of metabolic risk factors including IGT, [56] DM, insulin resistance [16][19][31]
464  and dyslipidemia. [22-33] Now that vitamin D has been strongly and consistently associated
465  with insulin resistance in VFO patients, an adequately maintained vitamin D status may well
466  be an effective measure for preventing the group of metabolic consequences congruent with
467  insulin resistance encountered by those patients. In our study, too, a tendency for an

468  increasingly high FPG with increasing VFA quartiles has been reported in both genders.

469  Further, high VFA scores were associated with the selected metabolic disorders parameters.
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470  The positive dose-response found between impaired FPG and VFA in our study is consistent
471  with that found in literature. For instance, it has been reported that VFA was a major

472  determinant of metabolic syndrome in premenopausal Korean women, [56] whereas WC and
473  VFA were both similarly useful in identifying metabolic syndrome in elderly women. Our

474  findings with this regard may well be considered, e.g., planning for a screening program for
475  an early detection of VDD and related health problems, using VFA as a simple meanwhile

476  cost-effective tool.

477

478  In this work, using sophisticated body-components assessment measures, such as DEXA or CT
479  to measure VFO was not resorted, opting to avoid radiation exposure when safer measures

480  such as BIA if used provide a reasonably equivalent alternative to achieve study aim. Providing
481  further data about the temporal pattern of the relationship between vitamin D concentrations
482  and VFA may have been limited by the inability to follow up the participants’ nutritional status
483  over time. From the biochemical standpoint, there was a principal focus on 25(OH) D5 per se
484  disregarding the detailed interaction between vitamin D and the subjects’ iPTH. That is why
485  we opted to not adjust for iPTH in analyzing the relationship between central obesity and

486  25(OH) Ds. Some of the study’s data, particularly the menopausal inquiry, were based on self-
487  reporting, in which case recall bias could be a concern. Part of the current obesity-vitamin D
488  project plan, a prospective research is contemplated to further analyze the relations between
489  VFA and impaired vitamin D levels. A cohort of individuals followed up for a sufficient time
490  interval; their baseline vitamin D and weight taken and analyzed would help provide strong
491  evidence about the relationship and direction of causality between obesity and VDD in risk
492  population groups.

493

494  Conclusion:

495

496  In this study, a significant association between increased VFA and the risk of impaired vitamin
497  among male adult population and females peers younger than menopause has been revealed on
498  scientific anthropometric and biochemical analysis basis. This study supports the notion that
499  VFA assessed by BIA could be a reliable index for measuring visceral adiposity, a process

500  which could be incorporated in routine medical checkup in order to detect the risk of impaired
501  vitamin D levels among the Egyptian populations.

502
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