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Abstract
BACKGROUND
Both obesity and vitamin D deficiency are important health issues in Pakistan.
The connection between body composition, Vitamin D and leptin in young adults
is important to be studied as body composition may affect bone health and
therefore the possibility of osteoporosis in later life. Few studies have attempted
to investigate the effect of body composition and leptin with vitamin D in
adolescence.

AIM
To investigate the association of serum leptin with body composition, lipids and
25-hydroxyvitamin D (25OHD) in adults.

METHODS
This cross-sectional study was conducted on 167 apparently healthy adults.
Demographics were recorded, bioelectrical impedance analysis was performed
and clinical history noted. Serum leptin was measured using DIA source kit on
ELISA and total 25OHD was measured on ADVIA-Centaur; Siemens. Total
cholesterol and high density lipoprotein cholesterol were quantified using
Enzymatic Endpoint Method and Cholesterol Oxidase-Phenol Aminophenazone
method respectively. Biochemical analysis was done in the Departments of
Pathology and Laboratory Medicine and Biological and Biomedical Sciences, Aga
Khan University Hospital Karachi Pakistan.

RESULTS
Median age of the group (n = 167) was 20 years (IQR 27-20); 55.7% were females.
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Majority (89.2%, n = 149) of the study group was 25OHD deficient, 6% (n = 10)
had insufficient serum 25OHD levels and 4.8% (n = 8) had sufficient D levels.
Females, had higher median leptin levels [2.71 (IQR 4.76-1.66 ng/mL)] compared
to their counterparts [1.3 (3.60-0.54 ng/mL), P < 0.01]. Multiple regression
analysis suggested that basal metabolic rate, muscle mass, body fat percent, bone
mass and serum 25OHD were the most contributing factors to serum leptin
levels. Bone mass and serum 25OHD in fact bore a negative correlation with
leptin.

CONCLUSION
The results indicate that basal metabolic rate, muscle mass, body fat percent, bone
mass and serum 25OHD have an impact on serum leptin. Being a cross sectional
study causal relationship between leptin and other variables could not be
determined.

Key words: Leptin; Vitamin D; Obesity; Vitamin D deficiency; Body fat
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Core tip: The paper explored variables like anthropometric measurements, body
composition, vitamin D and lipoproteins as predictors for serum leptin levels among
representative population of healthy adults in Pakistan. The cross-sectional nature of this
study could not elucidate causal relationships. However, it outlines important interplay
between circulating leptin, vitamin D and body composition. The results indicate that
basal metabolic rate, muscle mass, body fat percent, bone mass and serum vitamin D
have an impact on serum leptin.

Citation: Khan AH, Fatima SS, Raheem A, Jafri L. Are serum leptin levels predicted by
lipoproteins, vitamin D and body composition? World J Diabetes 2019; 10(4): 260-268
URL: https://www.wjgnet.com/1948-9358/full/v10/i4/260.htm
DOI: https://dx.doi.org/10.4239/wjd.v10.i4.260

INTRODUCTION
Quite a few cross-sectional studies have explored leptin and obesity in relation to
Vitamin D deficiency (VDD) but the findings is inconsistent and conflicting[1-4]. The
limited available literature differs considerably in terms of study design, subjects
studied  and  results  reported,  making  it  challenging  to  infer.  The  cause-effect
relationship between leptin, VDD and obesity remains unclear. The link between
vitamin D and obesity has been put forward by some genetic and secondary lines of
evidences[5-7]. Secondary factors common to both obesity and VDD are environmental
aspects like dietary, racial, topographical, seasonal, and environmental pollution[8-10].
Genetic studies have shown to link molecular variations of Vitamin D metabolism
with  obesity[11-13].  The  hereditary  risk  factors  include  polycystic  ovary  disease,
cytochrome P450, locus 20q13, vitamin D-binding protein gene polymorphisms, and
aP2  gene.  The  VDR  polymorphisms  were  described  to  be  linked  to  adiposity
phenotypes[14,15].

Given the potential for positive associations of VDD and leptin concentration with
obesity  and  the  development  of  cardiovascular  disease,  the  identification  of
modifiable lifestyle factors associated with leptin levels is vitally important to prevent
obesity and its associated complications[16]. Additionally, the connection between body
composition, especially fat content in the body, and Vitamin D and leptin in young
adults is clinically vital because management that modify body weight may affect
bone health and therefore the possibility of osteoporosis in later life. Few studies have
attempted to investigate the effect of body composition and leptin with vitamin D in
adolescence[17,18]. This study was conducted to analyze serum leptin concentrations in
samples from adult volunteers and correlate it with body composition parameters,
difference in gender, 25-hydroxy vitamin D (25OHD) and lipids.
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MATERIALS AND METHODS

Study design and study group
This cross sectional analysis was done from June 2014 till January 2016, in the Section
of  Clinical  Chemistry,  Department  of  Pathology  and  Laboratory  Medicine  and
Department of Biological and Biomedical Sciences, Aga Khan University Hospital
Karachi Pakistan. Apparently healthy adult volunteers were invited to join in the
research once informed consent was taken. Approval from the Aga Khan University
Ethical Review Committee was taken for conducting this study (ERC number: 2810-
Pat-ERC-13). A 4-d phlebotomy camp was set up in the Multidisciplinary Laboratory
on the University campus for collection of blood samples. Subjects were excluded if
they reported having had: intramuscular supplementation of Vitamin D in the last 6
mo, remarkable changes in weight or diet in the last 6 mo, any disease that may affect
their Vitamin D levels or any known metabolic disorder. Subjects taking small dose of
oral  Vitamin D supplements,  for  example such that  may be contained in a daily
multivitamin pill (400 IU) since such a low amount would not significantly change
serum 25OHD levels, were allowed to participate[19].

Clinical history, anthropometric measurements and phlebotomy
An interviewer-administered history form tailored for the adult  Pakistani  urban
population[20], was used to assess the clinical history and health status of the study
group. Waist circumference was measured in cm. Each subject’s weight (kg) and
height (m) were recorded, and the resultant body mass index (BMI) was calculated
and  reported  in  kg/m2.  BMI  values  were  categorized  as  per  the  recommended
reference ranges for the Pakistani population[21]. A bioelectrical impedance analyzer
(BIA) by Tanita was used to assess body composition variables of the study group.
BIA is a validated method of estimating adiposity in both clinical and non-clinical
settings[22]. BIA measurements included total body fat percentage (reported as %), total
body water percentage (reported as %), total muscle mass (reported in kg), basal
metabolic rate (reported in kcal) and total bone mass (reported in kg). International
body fat reference ranges for young adults were used to group subjects.

After informed consent blood was drawn in gel separation tubes and centrifuged at
3500 rpm for 5 min for separation of serum. Separated serum was transferred to
aliquots, labeled with the participant’s serial number and immediately stored at -30°C.

A BIA was used to assess body composition variables of the study group. BIA is a
validated method of estimating adiposity in both clinical and non-clinical settings[22].
BIA measurements included total body fat percentage, total body water percentage,
total  muscle  mass,  basal  metabolic  rate  and metabolic  age,  total  bone mass  and
visceral fat mass. International body fat reference ranges for young adults were used
to group subjects.

Biochemical analysis and interpretation
Leptin was measured using manual ELISA on a kit from DIA source (Belgium). The
microtiter wells were coated with a monoclonal anti-leptin antibody. 25OHD was
quantified by chemiluminescence on ADVIA Centaur Immunoassay System (Siemens
AG,  Munich,  Germany)  in  batch.  The measuring range of  the  assay was 3.7-150
ng/mL. Total cholesterol was measured using an enzymatic endpoint method, while
cholesterol oxidase-phenol aminophenazone method was used for analysis of high
density lipoprotein (HDL) cholesterol by using kits from Randox Laboratories, United
Kingdom on spectrophotometer. Non HDL was calculated by subtracting HDL from
total cholesterol. To validate the biochemical results high and low levels of quality
control material for leptin, 25OHD, cholesterol and HDL were run with the batches.
Classification of VDD was based on the circulating 25OHD concentrations of less than
20 ng/mL. Levels between 20-30 ng/mL as insufficiency and > 30 ng/mL as sufficient
D levels. Serum leptin was interpreted taking both BMI and gender into account.

Statistical analysis
All  Statistical  analysis  was  done on R-Software  (R  Version 3.5.3)  and Statistical
Package  for  Social  Sciences  (Version  22,  SPSS  Inc.  Chicago,  IL.).  All  parametric
variables  were  reported  as  mean  ±  SD  and  non-parametric  as  median  with
interquartile ranges 75th-25th. Differences between two groups of parametric variables
were evaluated using independent samples t-test. To compare median values between
two groups Mann Whitney U test was applied. Serum leptin and 25OHD were not
normally  distributed  and  hence  were  log  transformed  before  correlation  was
conducted. As an initial step, we explored Pearson correlational relationships and
applied Chi-square for categorical data between the measured independent variables
taking serum leptin as dependent variable. Univariate analysis was conducted and
variables that had significant association with leptin in univariate analysis at P < 0.2
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were  entered  in  multivariable  analysis.  Multivariate  regression  analyses  were
conducted for the dependent variable (serum leptin) and independent variables [BMI,
basal metabolic rate (BMR), muscle mass, body water %, body fat %, bone mass, waist
circumference,  log  25OHD,  male  gender].  For  working  out  the  magnitude  of
associations between independent-dependent variables, beta weight of the variables
was calculated. All tests were two-tailed, and the level of significance was set to P-
value less than 0.05 as significant and < 0.01 was considered greatly significant.

RESULTS

Description of demographics and body composition of study group
A total of 167 subjects were enrolled; there was a near equal gender distribution with
Female: Male 93:74. No statistically significant difference for age was found between
the  two genders.  None  of  the  subjects  studied  had any clinical  signs  of  disease
associated with obesity and were not on any medications. Of the total seven were
cigarette  smokers  (4.1%);  2  smokers  were  females  and  the  rest  were  males.
Characteristics of the study population are summarized in Table 1.

No statistically significant difference in BMI between males and females was noted
however, the male adolescents had significantly higher body height and weight than
their female counterparts (P < 0.001). According to the South-Asian Classification of
weight status, 14.4% (n = 24) of the study-subjects were categorized as underweight
(less than 18.5 kg/m2), 40.1% (n = 67) as normal (from 18.5 to 22.9 kg/m2), 22.2% (n =
37) as overweight (from 23 to 25 kg/m2) and 23.4% (n = 39) as obese (greater than 25
kg/m2).

Taking age and gender into account study subjects were additionally stratified
according  to  body  fat  percent  as  under  fat,  healthy,  over  fat  and  obese.  Upon
stratification according to body fat percent 14.4 % (n = 24) were obese while 12.6% (n
= 21) were overweight. Body fat % was significantly higher amongst subjects who
were overweight and obese as per BMI [mean body fat %: 27.5 (7.5)] as compared to
non-obese [mean body fat %: 17.5 (6.8)] as depicted in Table 2. Percent of body water
in study subjects was ideal (i.e., 45%-60% in females and between 50%-65% in males)
in 80% subjects (n = 142), low in 6% (n = 10) and excessive in 9% (n = 15).

Biochemical specifics of study subjects
A Shapiro Wilk test (P < 0.05) and visual scrutiny of 25OHD and leptin histograms, Q-
Q plots and box plots showed that both analytes were not normally distributed, with
a skewness of 1.8 (S.E 0.18) and 3.5 (S.E 0.18) respectively and kurtosis of 5.9 (S.E 0.37)
and 17.4 (S.E 0.37) respectively. Majority (89.2%, n  = 149) of the study group was
25OHD deficient, 6% (n = 10) had insufficient serum 25OHD levels and 4.8% (n = 8)
had sufficient D levels. Of a total of 167 sera analyzed, the lowermost and uppermost
serum leptin levels noted were 0.02 and 45.3 ng/mL, respectively. Females had higher
median leptin levels [2.71 (IQR: 4.76-1.66 ng/mL)] compared to males [1.3 (3.60-0.54
ng/mL), P < 0.01]. Overall 17 (10.1%) study subjects had raised serum leptin levels
with 88.2% (n = 15) of these subjects being Vitamin D deficient. However, 89.3% (n =
134) of the subjects with normal serum leptin were also deficient in 25OHD.

Determinants of serum leptin
The Table 2 describes the relevant Pearson correlation coefficients and their degrees of
significance between leptin and other variables in the total study population and in
both genders separately. A greatly significant, moderate positive linear relationship
was seen between log of leptin and BMI, waist circumference and also with total body
fat percent in females (P < 0.01). While a greatly significant negative association was
prominent between log of serum leptin and total water percent and basic metabolic
rate in the females (P < 0.01). In males log leptin exhibited positive relation with BMI
(P < 0.05), waist circumference (P < 0.05) and body fat percent (P < 0.01) and inverse
correlation with total water percent, muscle mass and log 25OHD (P < 0.01). Variables
that had significant association with leptin in univariate analysis at P  < 0.2 were
entered in multivariable analysis.

Multiple regression analysis displayed that BMR, muscle and bone mass, body fat
percent, 25OHD and gender were the utmost contributing factors to serum leptin
levels. Bone and muscle mass and serum 25OHD bore an inverse relation with serum
leptin. The value of R square and adjusted R square was 0.387 and 0.352 respectively
specifying strong association between various independent and dependent variables.
This showed a positive relationship of 38.7% between independent and dependent
variable (leptin). Corrected R square indicated the fit of the model more closely in
population. Table 3 summarizes the results of multivariate regression analysis. It
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Table 1  Demographics, body composition and biochemical parameters and comparison amongst genders and obese vs non obese

Description Overall Males Females P value
Overweight and
obese (BMI > 23

kg/m2)

Non obese (BMI
< 23 kg/m2) P value

n 167 74 93 76 (50% Females) 91 (60.4%
Females)

Anthropometric parameters

Median age
(IQR) in yr

20 (27-20) 21(29-20) 20(23-20) 0.136 21 (35.5-20) 20 (21-20) < 0.01

Mean height
(SD) in cm

168 (9.2) 172 (8.2) 164.8 (8.7) < 0.01 167.9 (9.7) 168.1 (8.8) 0.837

Mean weight
(SD) in kg

65.0 (4.4) 70.2 (14.9) 60.9 (12.6) < 0.01 75.1 (14.1) 56.6 (7.7) < 0.01

Mean BMI (SD)
in kg/m2

23 (4.6) 23.7 (5.1) 23.7 (5.1) 0.056 26.6 (4.3) 19.9 (1.8) < 0.01

Mean waist
circumference
(SD) in cm

79.1 (12.8) 83.3 (13.3) 75.7 (11.3) < 0.01 86.9 (12.4) 72.5 (8.8) < 0.01

Body composition

Mean total body
fat % (SD)

22.1 (8.7) 19.7 (9.0) 23.9 (8.0) < 0.01 27.5 (7.5) 17.5 (6.8) < 0.01

Under fat n (%) 44 (26.3) 5 (6.8) 39 (41.9) < 0.01 3 (3.9) 41 (45) < 0.01

Healthy n (%) 78 (46.7) 38 (51.4) 40 (43) < 0.01 33 (43.4) 45 (49.4) < 0.01

Over fat n (%) 21 (12.6) 11 (14.9) 10 (10.8) < 0.01 19 (25) 2 (2.1) < 0.01

Obese n (%) 24 (14.4) 20 (27) 4 (4.3) < 0.01 21 (27.6) 3 (3.2) < 0.01

Mean total body
water %

55.7 (6.1) 57.8 (6.3) 54.1 (5.4) < 0.01 52.3 (4.9) 58.6 (5.5) 0.255

Ideal body water
n (%)

142 (85) 61 (82.4) 81 (87.1) 0.235 68 (89.4%) 74 (81.3%) < 0.01

Mean muscle
mass (SD) in kg

45.7 (7.9) 50.2 (8.4) 42 (5.1) < 0.01 46.3 (8.7) 45.1 (7.2) 0.357

Median BMR
(IQR) in kcal

1501 (1750-1336) 1732 (1875-1551) 1377 (1525-1300) < 0.01 1690 (1892.5-
1421.5)

1417 (1612-1308) < 0.01

Median bone
mass (IQR) in kg

2.5 (3-2.1) 2.9 (3.2-2.6) 2.2 (2.4-2) < 0.01 2.9 (3.2-2.3) 2.2 (2.8-2.0) < 0.01

Healthy bone
mass n (%)

71 (42.5) 31 (41.9) 40 (43) 0.884 36 (47.3%) 35 (38.4%) 0.273

Biochemical parameters

Median leptin
(ng/mL)

2.2 (4.5-1.0) 1.3 (3.60-0.54) 2.71 (4.76-1.66) < 0.01 3.0 (5.8-1.5) 1.7 (3.4- -0.7) < 0.01

Elevated serum
leptin n (%)

17 (10.2) 7 (9.5) 10 (10.8) 0.784 9 (11.8%) 8 (8.8%) 0.61

Median 25OHD
(IQR) in ng/mL

12.1 (16.1-7.7) 12.5 (16-8.5) 11.5 (16.6-7.5) 0.877 12.1 (16.8-8.5) 12 (15.9-7.1) 0.479

25OHD status:
Deficiency n (%)

149 (89.2) 69 (93.2) 80 (86) 67 (88.1%) 82 (90.1%)

25OHD status:
Insufficiency n
(%)

10 (6) 5 (6.8) 5 (5.4) 0.03 4 (5.2%) 6 (6.5%) 0.585

Sufficiency n (%) 8 (4.8) - 8 (8.6) 5 (6.5%) 3 (3.2%)

Mean total
cholesterol (SD)
in mg/dL

175.8 (46.3) 172 (49.4) 178.8 (43.7) 0.345 180.8 (48.6) 171 ± 44 0.199

Mean HDL (SD)
in mg/dL

41.1 (9.6) 40.4 (10) 41.6 (9.2) 0.44 40.5 (9.4) 41.540.5 ± 9.49.7 0.498

Mean non-HDL
(SD) in mg/dL

134.7 (47.2) 131.5 (52.4) 137.2 (42.8) 0.446 14040.5 (9.450.1) 13040.5 ± 9.444.4 0.163

Parametric variables are reported as mean ± SD and non-parametric as median (interquartile ranges 75th-25th). Coefficients (r) and P values are calculated
using Pearson's correlation analysis. P-value less than 0.05 was considered as significant and < 0.001 as highly significant. BMI: Body mass index; BMR:
Basal metabolic rate; 25OHD: 25-hydroxy vitamin D; HDL: High density lipoprotein.
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Table 2  Correlation of metabolic and biochemical factors with serum log leptin according to gender distribution

Gender n BMI
(kg/m2)

Waist
circumfe

rence
(cm)

Total
body fat

%

Total
body

water %

Muscle
mass
(kg)

BMR
(kcal)

Bone
mass
(kg)

Total
cholester

ol
(mg/dL)

Mean
HDL(mg/

dL)

Mean
non-

HDL(mg/
dL)

Log
25OHD
(ng/mL)

Male 74 0.2561 0.2561 0.472 -0.3312 -0.4992 -0.018 -0.206 -0.053 -0.139 -0.023 -0.4792

Female 93 0.3772 0.3622 0.3222 -0.2712 0.02 -0.332b 0.247a -0.169 -0.176 -0.135 -0.102

Overall 167 0.2392 0.1811 0.4452 -0.3642 -0.4262 -0.047 -0.137 -0.72 -0.127 -0.045 -0.2752

1Correlation is significant at the 0.05 level (2-tailed);
2Correlation is significant at the 0.01 level (2-tailed). Univariate analysis was conducted and variables that had significant association with leptin in
univariate analysis at P < 0.2 were considered in multivariable analysis. Coefficients (r) and P values are calculated using Pearson's correlation analysis. P-
value less than 0.05 was considered as significant and < 0.001 as highly significant. BMI: Body mass index; BMR: Basal metabolic rate; 25OHD: 25-hydroxy
vitamin D; HDL: High density lipoprotein.

shows that among various parameters (like BMR, female gender and bone mass)
which were contributing towards leptin levels body fat percent with standardized
beta weight of  0.488 was the most influential  factor in leptin values followed by
muscle mass (beta of -0.265) and 25OHD (beta of -0.253). Body mass index, waist
circumference and body water percent were not good predictors for serum leptin.
Statistics from multi-collinearity displayed tolerance < 10 indicating good associations
with leptin. Moreover, muscle mass, bone mass, 25OHD and male gender showed a
negative influence on leptin levels.

DISCUSSION
This study explored variables like anthropometric measurements, body composition,
25OHD and lipoproteins as predictors for serum leptin levels among representative
population of healthy adults in Pakistan. Majority of the subjects were D deficient
(89.2%).  This  is  not  surprising  as  previous  published  papers  have  shown  high
prevalence  of  VDD both in  Pakistanis  living abroad or  residing in  Pakistan[23,24].
Pakistan is among the sun-drenched countries and cutaneous production of vitamin D
is possible throughout the year. However, despite this favorable climatic condition,
research  reports  from  our  center  showed  widespread  VDD[25-28].  Serum  25OHD
showed non-significant and poor association with BMI in this study; contradicting to
reports from other part of the world which showed inverse relationship of vitamin D
with BMI[4]. The proposed hypothesis for could be attributed to Vitamin D lipophilic
nature,  that  leads to 25OHD storage or  sequestration in fat  tissue.  This  volume-
distribution effect could result in diminished vitamin D bioavailability and VDD in
those with extra body weight. Reason for poor association of 25OHD with BMI could
be that majority of our population was deficient in Vitamin D. Relationship could not
be established as even non-obese subjects in this study were D deficient (88.7%).
Similar trend was observed in previous study by our group, yet low vitamin D did
not depict any change in BMD which may highlight the bone mineralization effects of
raised leptin[29].

Obesity has been associated with both leptin and VDD[30,31]. Leptin regulates body
fat mass and has a significant role in the control of body weight[32]. Leptin is directly
associated with fat mass, circulating leptin molecules carry information to the brain
(hypothalamus) regarding the energy stored in adipose tissue, diminishing appetite
and affecting energy expenditure[33]. The receptors of leptin molecules are found in all
places in the body indicating a general role[34]. Obesity is considered a leptin resistant
state resulting in excessive growth of adipose tissue and high serum leptin levels. An
indirect effect is of UVB radiation exposure and the latitude gradients on VDD and
obesity. Hoseinzadeh et al[10] confirmed that the topographical factor varied with the
variation in vitamin D levels in obese and the prevalence of VDD among African-
American children and adolescents were 57% and 48.7% in Pennsylvania (latitude
40oN) and Wisconsin (latitude 43oN), respectively.

Going at par with VDD, obesity is also becoming a fast-growing health concern in
Pakistan. Surplus body weight is a risk factor for many medical diseases, including
cardiac disease, diabetes, arthritis and several cancers. According to recent studies,
overweight and obesity have been shown to be related to low vitamin D status. For
instance, according to a study in Oslo, Norway, the prevalence of VDD was highest in
individuals  with  greater  BMI  regardless  of  their  gender.  Accumulating
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Table 3  Multiple regression analysis of serum leptin determinants

Independent variables Standardized β T value P value 95%CI for B
Collinearity statistics

Tolerance VIF

BMI 0.017 1.057 0.292 -0.015-0.049 0.238 4.208

BMR 0.000 2.281 0.024 0.000-0.001 0.396 2.526

Muscle mass -0.265 -2.995 0.003 -0.032-0.007 0.530 1.885

Body water (%) 0.308 1.875 0.063 -0.002-0.060 0.147 6.792

Body fat (%) 0.488 2.588 0.011 0.008-0.058 0.129 7.751

Bone mass -0.191 -2.137 0.034 -0.032-0.007 0.523 1.912

Waist Circumference -0.022 -0.201 0.841 -0.011-0.009 0.468 2.138

Log 25OHD -0.253 -3.816 0.000 -0.720-0.232 0.944 1.060

Male gender -0.186 -2.155 0.033 -0.419-0.018 0.522 1.916

Dependent variable: was log leptin. Univariate analysis was conducted and variables that had significant association with leptin in univariate analysis at P
< 0.2 were entered in multivariable analysis shown above. Coefficients (r) and P values are calculated using Pearson's correlation analysis. BMI: Body mass
index; BMR: Basal metabolic rate; 25OHD: 25-hydroxy vitamin D; HDL: High density lipoprotein.

epidemiological evidence suggests that hypovitaminosis D may be associated with
obesity and related metabolic risks[35]. The levels of 25OHD are associated with BMI,
declining with increasing BMI[36]. This is because adipocytes take up the Vitamin D
from the blood, hence reducing the serum Vitamin D concentrations. This indicates
that there is a link between Vitamin D levels and BMI which is a measure of relative
weight based on an individual's mass and height. Hence, we hypothesized that lower
Vitamin  D  levels  would  be  noted  with  increasing  BMI  status  among  healthy
individuals.

Similar to our study findings multiple studies have reported higher levels of leptin
in females and this can be explained by differences in sex hormones[37,38]. Our study
findings showed that male gender inversely contributed towards leptin levels with
standardized beta weight of -0.253.

The present study has few limitations. Firstly, it was a cross sectional study hence
causal  relationship between leptin and other variables  could not  be determined.
Secondly, the sample size was limited to predict any valid conclusion for a large set of
population. Some gender-specific interlink was also noted, but absence of data of
follicle stimulating hormone, luteinizing hormone, estradiol and testosterone levels
could not allow the confirmation of this hypothesis. However, the study overall adds
to  the  scientific  knowledge  of  the  burden  of  vitamin  D  in  relation  to  healthy
individuals.

In conclusion,  this  cross  sectional  study confirmed the relation between basal
metabolic rate, muscle mass, body fat percent, bone mass, serum 25OHD and serum
leptin levels. Additional studies are obligatory to define the role of hypothalamic
control of body in bone formation. Elucidation of such mechanism may lead to a
novel  therapeutic  approach  to  osteoporosis.  Another  question  that  remains
unanswered  is  whether  overweight/obese  requiring  more  intense  vitamin  D
supplementation to achieve optimal levels of 25OHD. It will also be interesting how
weight loss or vitamin D treatment could affect leptin levels in this population.

ARTICLE HIGHLIGHTS
Research background
Obesity is considered a leptin resistant state leading to elevated leptin levels. Obesity in turn has
also been linked to Vitamin D deficiency (VDD).

Research motivation
Going at par with VDD, obesity is also becoming a rapidly growing health problem in Pakistan.
Obesity  has  been  associated  with  both  leptin  and  VDD.  Few  studies  have  attempted  to
investigate the effect of body composition and leptin with vitamin D in this part of the world.

Research objectives
We investigated the relation of serum leptin with body composition, lipids and vitamin D in
adults.

Research methods
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In  a  cross  sectional  study  design  bioelectrical  impedance  analysis  was  performed on  167
apparently healthy adults along with recording their demographics and clinical history. Blood
was drawn for biochemical analysis of serum leptin, total vitamin D, total cholesterol and HDL
cholesterol.

Research results
Majority of the study group was vitamin D deficient. Females had higher median leptin levels
compared to their counterparts. Overall 17 (10.1%) study subjects had raised serum leptin levels
with 88.2% of these subjects being Vitamin D deficient. Basic metabolic rate, muscle mass, bone
mass, body fat percent, lipids and 25-hydroxyvitamin D (25OHD) and gender were associated
with serum leptin levels. Bone and muscle mass and serum 25OHD bore an inverse relation with
serum leptin.

Research conclusions
The cross-sectional nature of this study could not elucidate causal relationships. However, it
outlines important interplay between circulating leptin, vitamin D and body composition. The
results indicate that basal metabolic rate, muscle mass, body fat percent, bone mass and serum
vitamin D have an impact on serum leptin levels. 25OHD did not vary between obese and non-
obese. This probably could be because > 80% of the study group was D deficient.

Research perspectives
Future studies addressing the causal relationships between these essential molecules, leptin,
vitamin D and lipids is needed to better understand their use as biomarkers of risk for obesity
and diseases associated with obesity.
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