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Abstract /1
Obesity is associated with low vitamin D levels and high leptin levels.
The aim of this study is to see if low vitamin D levels and high leptin levels
are risk factors for metabolic syndrome in obese women. This study use Article History
case control study to observe the difference of leptin and vitamin D plasma Received: 14 April 2022
level as risk factor of metabolic syndrome on obesity women. There are Accepted: 16 August
34 obese women as the sample of study. Subject is divided randomly 2022
into 2 groups, where each of groups consists of 17 obese with syndrome
. Keywords
metabolic case and 17 obese women as control. Each group was tested Leptin;
for its vitamin D and leptin level. The relationship between vitamin D and Metabolic Syndrome;
leptin levels and metabolic syndrome was then investigated using the Chi Obesity; Vitamin D;
Square test, and logistic regression was taken to discover odds ratio (OR). Women.
The result is p=0.031 (p<0.05), and OR=5.25; Cl 95% which means the
group with low vitamin D has risk factors for metabolic syndrome by 5 times
than the control group high vitamin D. It was obtained p=0.001 (p<0.05), and
OR= 256, Cl 95% means that the case group with high leptin is the risk
factors of the occurred metabolic syndrome by 256 times than low level
of leptin in control group. It is concluded that in this study there isa
link between low vitamin D levels and high leptin levels as risk factors
of metabolic syndrome found in obesity.
Introduction infertility, increased obstetric risk, diabetes,

Obesity caused various health problems in women,  cardiovascular disease, and osteoporosis. Women
such as insulin resistance, reproduction disorders,  have high risk to obesity because of several factors,
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namely hormonal factor, diet, lifestyle, and several
reproduction stages, such as, pregnancy, giving
birth, breastfeeding, parenting, and menopause
which are closely related with weight gain and fat
accumulation in the women’s body. Obesity is an
originator condition of other kinds of disease which
can increase the death rate. Several research
have proven that obesity is the risk factors of death
in cardiovascular disease. Overweight or obesity is
an important issue of women’s health. Nowadays,
obesity prevalence of women in all over the world is
increasing in developing and developed countries.
Obese people have a variety of metabolic and
biochemical abnormalities (atherogenic dyslipidemia,
insulin resistance and hyperinsulinemia, endothelial
dysfunction, chronic inflammatory and prothrombotic
conditions) have caused obesity as an important role
in metabolic syndrome.

The metabolic syndrome (MS) is a collection
of metabolic disorders, including insulin resistance,
impaired glucose tolerance, lipid abnormalities
and hemostasis, endothelial dysfunction and
hypertension, and obesity, all of which are risk factors
for atherosclerosis, leading to the development
of coronary heart disease and/or stroke. Until these
days, there are 3 definitions of MS are submitted,
namely World Health Organization (WHO), NCEP
ATP-Ill and International Diabetes Federation
(IDF). Those three definitions have a similar main
component with different determination of criteria.
In 1998, Alberti and Zimmet on behalf of WHO
state the definitions of MS with other components,
those areimpaired glucose regulation or diabetes,
insulin resistance; hypertension; dyslipidemia
(plasma triglycerides > 150 mg/dL and/or high-
density lipoprotein cholesterol (HDL-C) 35 mg/dL
for men; 39 mg/dL for women); central obesity (men:
waist-to-hip ratio > 0,90, women. waist-to-hip ratio
> 0,85) and/or body mass index (BMI)>30 kg/m2,
and microalbuminuria (Urea Albumin Excretion Rate
>20 mg/min or albumin/creatinine ratio > 30 mg/g)."

Metabolic syndrome can be occurred if one of the
first two criteria and two of last four criteria shown
in a person. It means that the criteria from WHO
in 1999 emphasize on the occurrence of impaired
glucose tolerance or diabetes mellitus, and/or insulin
resistance with at least the other 2 factors, such
as hypertension, dyslipidemia, central obesity, and
microalbuminuri.?2 The people with hypovitaminosis
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D are significantly have higher risk to suffer from
metabolic syndrome compared to people who did
not have hypovitaminosis D.3Previous research
indicates that vitamin D plays a role in insulin and
glucose metabolism. Obese people are more likely
to have hypovitaminosis D and are more likely
to develop metabolic syndrome disorders due to
a lack of vitamin D.

Obesity causes hyperleptinemia, which is caused
by an increase in leptin production in adipose
tissue. High number of leptin in the circulation
of obesity cannot carry out its physiology function
due to leptin resistance. Leptin is a peptide hormone
produced by adipose cells that regulates body
fat reserves. It circulates and is associated with
adipose tissue mass in energy balance homeostasis
via central activity, particularly in fat accumulation
and metabolism disorders. The elevated leptin
level is most likely caused by hyperinsulinemia
or decreased insulin sensitivity. It is particularly
occurred in obesity as a symptom to be watch out
that there has been an imbalance energy and poor
diet which is closely related with cardiovascular
disease and type 2 diabetes mellitus.* The peripheral
effect of leptin is to reduce lipogenesis in order
to prevent excessive weight gain, either acutely
or chronically. In line with that, the decreased
activity of leptin in periphery can initiate increased
lipogenesis and fat accumulation not only in fat
tissue but also in other tissues, which is known
as lipotoxicity phenomenon.® It is proven that
lipotoxicity has a function in the development of
several components in metabolic syndrome, such
as hepatic steatosis, insulin resistance, dyslipidemia,
pancreatic B cell failure and type 2 diabetes mellitus.®
The increased of leptin, especially in obese person,
must be considered as an alert that there is an
imbalanced energy, poor diet, hyperinsulinemia and
insulin resistance.*

Based on the condition of obesity described above,
this study aims to prove whether the decreased
of 25-OH vitamin D and the increased of leptin level
are risk factors of metabolic syndrome in obesity,
especially in obese women.

Material and Method

The design of this study is case control study to
observe the difference of leptin level and vitamin
D plasma as risk factors of metabolic syndrome
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in obese pre menopause women. The sample
of study is obese women who live in Denpasar and
were chosen by stratified random sampling from
accessible population after fulfilling inclusive and
exclusive criteria and after willing to be the subject
of study and signing informed consent.

Criteria of Case Control

Case

Obese women live in Denpasar and have experienced
metabolic syndrome

Control
Obese women live in Denpasar and have not
experienced metabolic syndrome

Inclusive Case

Obese woman with BMI>25 who are 19 — 35
years old, have experienced metabolic syndrome
(2 or more than 4 criteria, except obesity) and show
willingness to be involved in the study

Inclusive Control

Obese women with BMI>25 who are 19 — 35 years
old, have not experienced metabolic syndrome
(0 out of 4 criteria, except obesity) and show
willingness to be involved in the study

Exclusive Criteria

Subjects who have 1 out of 4 criteria in metabolic
syndrome, except obesity, have history of primary
hyperlipidemia, diabetes and secondary obesity,
undergoing treatment that affects the metabolic
profile such as beta blockers, steroids and diuretics.

Sample

Sample was chosen by consecutive sampling from
obese women who are 30 — 45 years old and have
not menopause yet and have experienced metabolic
syndrome in several cases, have not experienced
metabolic syndrome as control, thus the ration
of amount of sample is 1:1. The amount of sample
was calculated with formula.”

e IZa,xsz +ZB./P1Q 1+P2Q2—|2

(P1—-P2)

Based on the formula above, the amount of sample
in each group is 15 people. In order to anticipate
incomplete data, sample was added 10% so that
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the amount of sample is rounded up to 17 people
in each group.

Tool and Material

The materials whichneeded were blood samples
of obese women in case and control group.
The variable whichwas checked, such as the level
of vitamin D and leptin as independent variable.
The parameter of metabolic syndrome is lipid profile,
such as total cholesterol, triglycerides, LDL, and
HDL. Fasting blood sugar levels and blood pressure
are as dependent variable. Examination of vitamin
D and leptin levels using the Elisa method with Kit
25 hydroxyvitamin D and leptin from Diagnostic
Biochem Canada Inc. The examination of lipid profile
by using Elisa method using Triglycerides, HDL dan
Total Cholesterol from DiaSys Diagnostic Systems
GmbH, Germany. Blood sugar level was checked
with sphygmomanometer from Riester. The result
in the form of quantitative value was analyzed with
cross table and Chi Square test to examine the
relation between the level of vitamin D and leptin
with metabolic syndrome, which significance value
is p<0,05. Then, odd ratio value was also calculated
with IK 95%. This study has got Ethical Clearance
(EC) No: 2185/UN14.2.2.VII.14/LT/2021.

Procedure

Obese women which were fulfilled by inclusive
and exclusive criteria were recruited and signed
informed consent. It was followed by blood
pressure measurement and blood test in order to
find out blood sugar level and blood cholesterol
level to indicate diagnostic to metabolic syndrome.
The obese women who have experienced metabolic
syndrome are categorized as Case Group and those
who have not experienced yet as Control Group.
Then, blood tests were performed to determine the
levels of leptin and vitamin D in each group.

Results and Discussion

From the table 1, itis obtained that the data of subject,
such as age, weight, height, body mass index, level
of vitamin D, leptin, TG, total cholesterol, HDL and
LDL are normally distributed. The average of age
is 24.9. This age is when the woman is productive
in both hormonal and activity, so that by choosing the
sample with those age range, it is expected that the
subject has not experience hormonal changes which
tend to indicate aging process. During this process,
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the function of cells is decreasing which can trigger
the emergence of other comorbidities that can be
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confounding factors that influence vitamin D levels
and leptin levels, other than obesity factors.

Table 1: Subject Characteristic and Level of Cholesterol, Blood Sugar, Vitamin D and Leptin

Subject Characteristics N Average SB Minimum Maximum p

Age (th) 34 24.9 5.3 20.0 37.0 0.142
Weight (kg) 34 75.9 12.1 54.9 101.0 0.829
Height (cm) 34 157.9 6.3 138.0 169.0 0.754
BMI (kg/m2) 34 30.3 3.9 25.2 38.5 0.731
Level of Vitamin D (ng/ml) 34 18.9 4.4 12,5 54.6 0.571
Level of Leptin (ng/ml) 34 26.9 11.5 3.4 57.9 0.862
Level of TG 34 350.5 69.8 218.15 579.5 0.661
Level of LDL 34 144.3 22.6 109.39 149.7 0.505
Level of HDL 34 54.6 9.7 47.77 66.5 0.215
Total Cholesterol 34 162.9 34.3 94.82 222.3 0.984
Glucose 34 105.3 34.9 43.88 181.8 0.897
Systolic blood pressure 34 128.9 2.0 104.0 162.0 0.948
Diastolic blood pressure 34 82.7 3.0 67.0 106.0 0.863

Normality value p (p>0.05)

The average of body mass index in the sample
is 30.3 kg/m2. It shows the value is categorized
as obese based on criteria from Asia Pacific
(BMI>25kg/m2) and WHO (BMI>30kg/m2). Women
have high risk of obesity due to several factors,
namely hormonal factors, diet, lifestyle and several
reproduction stages (pregnancy, giving birth,
breastfeeding, parenting, and menopause) which are
closely related with weight gain and fat accumulation
in the women’s body. Based on many changes
of metabolism and biochemical occurred in obese
people (atherogenic dyslipidemia, insulin resistance
and hyperinsulinemia, endothelial dysfunction,
chronic inflammatory and prothrombotic conditions),
it affects to get high risk to macrovascular disease.?

The average of vitamin D in sample group is 18.9
ng/ml, which it belongs to vitamin D deficiency
(<25 ng/dl).° Scientists are still debating the role
of vitamin D in the pathophysiology of obesity.
Despite the fact that numerous studies have found
a negative relationship between obesity and vitamin
D serum levels. Furthermore, the cause and effect
are still unknown.

One study has shown a visible relation between
the increased of BMI with low concentration
of 25 hydroxyvitamin D serum. There are several

mechanisms that have been studied and have
resulted in low levels of 25 hydroxyvitamin D in obese
people, such as decreased vitamin D synthesis in the
skin, decreased absorption in the gut, and impaired
vitamin D metabolism.'"'2 There is no agreement yet
about the condition of decreased vitamin D level in
obese people. The common cause is that adipose
tissue absorbs a lot of vitamin D which dissolve
in fats." The previous study has shown that vitamin
D serum has strong inverse relationship with fat level
in the body and has weak inverse relationship with
body mass index." The other hypothesis reveals
that the low level of vitamin D is caused by the fact
that obese people have a sedentary lifestyle so that
they are rarely exposed to sunlight which certainly
will inhibit the synthesis of vitamin D."®

The average of leptin level is 26.9 ng/ml. It indicates
hyperleptinemia conditions, since the value of
normal leptin is below 5 ng/ml. Obesity causes
hyperleptinemia, which is caused by increased leptin
production in adipose tissue. However, high leptin
in the circulation of obese people cannot operate its
function because of leptin resistance. Commonly,
leptin resistance is described as the decreased
of sensitivity towards anorexia effect as a respond
of leptin given from outside. There are several factors
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affect the conditions, such as (1) Failure of leptin
in the circulation to reach its target in the brain,
(2) Decreased expression of the leptin receptor,
and (3) There is an obstacle in the process
of sending signals to certain neurons in certain areas
of the brain."®

In addition, leptin level in brain fluid of obese people
is less, even though the level of leptin in the serum is
high. It is supported the notion that there is a failure
of leptin transport inside the brain. Triglycerides are
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also considered as the cause of leptin resistance
through impaired transport across the blood-brain
barrier.' The increase of leptin, especially in obese
person, must be considered as an alert that there
is an imbalanced energy, poor diet, hyperinsulinemia
and insulin resistance.*

In order to discover metabolic syndrome in the low
level of vitamin D, Chi Square test is used based on
cross-tabulation 2 x 2. The analysis is presented in
Table 2 below

Table 2: Low Vitamin D Levels as a Risk Factor for Metabolic Syndrome

Variable Group OR IK 95% p
Case Control
Level of Vit D Low 14 5.25 1.09 - 25.21 0.031
High 3

(psignificancy<0.05)

In the Table 2 above, it shows that the level
of vitamin D in case group is low and it is the risk factor
of metabolic syndrome for 5 times (OR = 5.25; IK 95
% =1.09 — 25.21; p = 0.031) more than high level
of vitamin D in control group.

According to one study, a low level of 25 OH Vitamin
D serum is associated with an increased risk
of metabolic syndrome."® It also reveals a negative
relationship between 25 OH vitamin D levels
and each component of metabolic syndrome,
such as thick abdominal fat, hypertriglyceridemia
and hyperglycemia. The prevalence of metabolic
syndrome is lower in people who get enough vitamin
D and calcium than in people who don't get enough.
The prevalence of metabolic syndrome is lower
in people who get enough vitamin D and calcium
than in people who don't get enough.®

The results show that vitamin D interacts with
several components of the metabolic syndrome.
In rats, a lack of vitamin D reduces glucose clearance
and insulin secretion in response to a glucose
tolerance test. Vitamin D supplementation supports
the relationship between vitamin D and insulin
metabolism, including a positive effect of vitamin
D on blood sugar in diabetic animals.?® Another

study discovered that people with impaired glucose
tolerance or diabetes have lower levels of 25 OH
vitamin D than people with normal blood sugar
levels. Another study discovered that people with
impaired glucose tolerance or diabetes have lower
levels of 25 OH vitamin D than people with normal
blood sugar levels.?!

Other mechanisms which can be used to describe
the role of vitamin D in the immune system,
where vitamin D can inhibit the production
of interleukin 2 and interferon, which stimulate
the effect of lymphocyte T helper type 2, is the
link between vitamin D and metabolic syndrome.
It initiates reduction of metalloproteinases matrix
and inhibits the progression of atherosclerotic
plaque.?? Inflammation is an important element
in metabolic syndrome, and vitamin D is also
as antiinflammation.?® This has explained the
relationship of metabolic syndrome with vitamin D
deficiency.? Vitamin D deficiency is also related with
high blood pressure through the lack of pressure
from renin-angiotensin system.?®26 |n the group
with low vitamin D concentrations > 40 ng/ml, the
prevalence of hypertriglyceridemia and HDL levels
is significantly lower. In the group with low vitamin
D concentrations > 40 ng/ml, the prevalence
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of hypertriglyceridemia and HDL levels is significantly
lower. In the group with low vitamin D concentrations
> 40 ng/ml, the prevalence of hypertriglyceridemia
and HDL levels is significantly lower.?” and most
studies show that the level of vitamin D serum is
related to the level of HDL-C and negatively to
the level of cholesterol.?® In the recent study, it
is obtained that calcitriol inhibits development of
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triglyceride and reduces accumulation of liver fat,
thus, further study is highly expected to be done to
prove the functions of vitamin D in lipid metabolism.?°

Chi Square test is used to find out metabolic
syndrome in high level of leptin based on cross-
tabulation 2 x 2. The result of analysis is presented
in Table 3.

Table 3: The High Level of Leptin as The Risk Factor of Metabolic Syndrome

Variable Group OR IK 95% o]
Case Control
Level of Leptin  High 16 1
256.0 14.70 — 4457.27  0.001

Low 1

16

(psignificancy<0.05)

In Table 3, It demonstrates that a high level of
leptin in the case group is a risk factor for metabolic
syndrome. it shows that the high level of leptin in
case group is the risk factor of metabolic syndrome,
that is 256 times (OR = 256; IK 95 % = 14.70 —
4457.27; p = 0.001) compared to low level of leptin
in control group.

Martins, et al. (2012) claims that
the increase of leptin, especially in obese person.
It must be considered as a warning that there are
imbalanced energy, poor diet, hyperinsulinemia
and insulin resistance.4 Leptin receptor is inside
of heart cells, leptin also has a role as modulator
of insulin activity inside the cells. Leptin operates
in opposite with insulin signal by reducing insulin
triggered by tyrosine phosphorylation of insulin
receptor substrates. This will increase the reaction of
phosphoenolpyruvate carboxinase and decrease the
glucokinase expression, which initiates increased
gluconeogenesis and decreased glycolysis. The
effect in heart occurred due to high level of leptin
can cause insulin resistance. Recent study shows
the direct effect of leptin in insulin gene transcription
that reduces mMRNA of preproinsulin up to 50%. In the
other side, the failure of insulin sensitivity will increase
the level of insulin and leptin through decreasing the
regulation of leptin receptors in the hypothalamus
or decreased sensitivity of leptin.30lt is consistent
with a previous study that found leptin serum to be

associated with metabolic syndrome and the risk of
cardiovascular disease in Taiwanese adults.®' In a
cohort study (Framingham Study), the concentration
of leptin is related with metabolic syndrome.*? More
importantly, the decreased level in obese children
shows reduction of body fat and improvement of lipid
levels and insulin sensitivity.®® Leptin affects toward
appetite, energy consumption, adipose synthesis,
and insulin function. As a hormone, leptin has biology
function with wide spectrum. The main function is as
regulator of adipose tissue and body mass.?** First,
the inhibition of appetite and energy consumption
is reached through the reduction of neuropeptide Y
secretion (NPY) and melanocyte secretion as the
result of combination between leptin and its receptor
in hypothalamus. Second, the increase of energy
consumption is reached thought release of heat in
massive reserved energy. That process is caused
by the increase of activity of sympathetic nerves
inducted by leptin and activation of epinephrine
receptor in membrane cells of adipose. Third,
synthesis and resorption of adipose tissue is directly
affected by leptin. One of study also estimates
that leptin triggers the maturation of adipose cell.'®
Leptin also affects other hormones, such as insulin
which fasten leptin secretion, in the other hand,
leptin has negative feedback towards synthesis and
insulin secretion.
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Conclusion

The conclusions of this study are as follow

Obese women with low vitamin D levels and high
leptin levels are at risk for metabolic syndrome.
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