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The relationship between vitamin D and leptin
levels in individuals with insulin-resistance

Recent studies have confirmed the association
between vitamin D supply and insulin resistance (IR)
[1], as well as type 2 diabetes mellitus occurrence
(T2DM) [2]. The significant role of vitamin D in the
development of IR and T2DM among overweight and
obese individuals was determined [3].

Obtained data indicate that vitamin D levels influ-
ence the regulation of adipogenesis and energy
metabolism [4]. Studies conducted in vitro demon-
strate leptin secretion suppression in the culture of
adipocytes upon the addition of 1,25(0H)D3 [5]. It is
also emphasized that elevated levels of leptin correlate
with vitamin D deficiency [6—8].

Leptin resistance is characterized by increasing cir-
culating leptin levels and is considered one of the IR
mediators and carbohydrate metabolism disorders in
obese individuals [9]. Leptin affects insulin secretion
through a direct impact on pancreatic beta cells [10].
However, the relationship between leptin and insulin
sensitivity has been insufficiently studied.

The majority of studies directed to reveal the com-
plex bond between vitamin D and leptin levels have
been conducted in healthy individuals or T2DM obese
patients. [7, 11]. There is a limited amount of studies
that investigated a correlation between vitamin D and
leptin in insulin-resistant individuals.

Objective: to evaluate the correlation between the
level of 25(0OH)D3 and leptin in patients with and with-
out insulin resistance.
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MATERIALS AND METHODS

Totally, 76 patients aged 31 to 45 were included
in the study. Participants were randomized into two
groups (38 patients in each group): Group | — indi-
viduals with IR (according to the HOMA IR index > 2.7);
Group Il — participants without IR (HOMA IR < 2.7).

Inclusion criteria: normal glucose tolerance, newly
diagnosed T2DM, known T2DM.

Exclusion criteria: type 1 diabetes, T2DM for over 5
years, insulin therapy, chronic comorbidities, hyper-
calcemia or hypocalcemia, women in the postmeno-
pausal period, additional vitamin D medications or
supplements intake.

Blood samples were collected for biochemical test-
ing after an overnight fast. Anthropometry, fasting and
2-hour postprandial plasma glucose (after breakfast for
individuals with known T2DM), glycated hemoglobin
(HbA1c), fasting insulin, lipids, leptin, and 25(OH)D
were tested in all study participants.

The diagnosis of T2DM was established following the
Unified Clinical Protocol of Primary and Secondary (Spe-
cialized) Medical Care «Type 2 Diabetes Mellitus» and
Order of the Ministry of Health of Ukraine No. 1118 dated
12.21.2012 «On Approval and Implementation of Medical
and Technological Documents on the Standardization of
Medical Care for Type 2 Diabetes Mellitus» (valid at https://
zakononline.com.ua/documents/show/8047__ 730659).

The index of insulin resistance (HOMA-IR) was used
to assess IR, which is based on the ratio of fasting
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insulin concentrations and glycemia in fasting blood
serum. The HOMA-IR was calculated by the formula:
HOMA-IR =serum insulin (ulU/mL) -
- plasma glucose (mmol/L) : 22.5.

The glucose rate in the blood plasma was tested by
the glucose-oxidizing method, and HbA1c was deter-
mined with high-speed column liquid chromatography
on a Bio-Rad D-10 analyzer, USA. The vitamin D (25(OH)D)
blood levels were measured by chemiluminescence
immunoassay using a set of reagents for the determi-
nation of total 25(OH)D «Access 250H Vitamin D Total»
by Beckman Coulter Access Immunoassay Systems.
Leptin levels were tested using an ELISA kit (BioVendor,
Czech Republic). Inc, USA).

The study was conducted following the basic bio-
ethical principles of the Council of Europe Convention
on Human Rights and Biomedicine (April 4, 1997), and
the Helsinki Declaration of the World Health Associa-
tion on ethical principles of medical research involving
human subjects (1964—2013). The Biomedical Ethics
Committee of the Ukrainian Scientific and Practical
Center of Endocrine Surgery, Transplantation of Endo-
crine Organs and Tissues of the Ministry of Health of
Ukraine approved the study.

Statistical analysis. Clinical and biochemical vari-
ables were compared between the two groups using
the unpaired t-test. The correlation between the stud-
ied variables was established by the Pearson correla-
tion test. Data were analyzed by SPSS software (version
21.0), and differences were considered significantly
different if the p value was < 0.05.

RESULTS

The characteristic of the clinical and biochemical
parameters in the studied groups are presented in
Table 1. Study participants with IR had significantly
lower levels of 25(0H)D and significantly higher levels
of leptin compared to those without IR (Table 2).
Female individuals had significantly lower 25(0OH)D
levels and significantly higher leptin levels compared
to males (p < 0.05).

A statistically significant negative correlation was
determined between 25(0H)D and leptin levels in
blood serum. A significant negative correlation was
also noted between the 25(0OH)D and leptin rates in
females, in opposite to males (r=-0.4; p=0.04 vs.
r=-0.042; p=0.8, respectively). The HOMA-IR was sta-
tistically significantly negatively correlated with 25(0OH)
D levels only in individuals with IR and a positively —
with serum leptin level (r=+0.27; p=0.015) (Table 3).

Clinical and biochemical parameters in the studied ;argtljas].
Parameter g‘rzl;%)l g‘rzl;%)ll
Age, years 41.2+49 39.7+438
Male/Female 16/22 15/23
Body mass index, kg/m? 289+3.1 262+29
Waist circumference, cm Male et 898
Female 87+9 82+9
Systolic blood pressure, mmHg 1297 121 +6*
Diastolic blood pressure, mmHg  79+5 76+6
Fasting plasma glycemia, mmol/L  7.32+1.24 4.68+0.51**
Postprandial glycemia, mmol/L 9.17£1.53 539+0.62**
HbA1c, % 71+£04 53+0.5**
Immunoreactive insulin, plU/mL 174+69 6.8+3.2**
HOMA-IR 42+23 1.4+0.6**
Total cholesterol, mmol/L 568+052 5.32+0.37
Triglycerides, mmol/L 1.82+031 1.53+0.24
?A%Tefti?éitﬁ mm‘m” 167023 183+0.27
Low-density lipoprotein 4274039 3.89+0.16

cholesterol, mmol/L

Note. The difference from the Group | is statistically significant:
*p<0.05 ** p<0.01.

Table 2
Comparison of the 25(0H)D and leptin levels in the blood
serum of the studied groups’ patients

Group | Group Il
Parameter (n=38) (n=38)
25(0OH)D, ng/mL 16.9+43 229+52*
Leptin, ng /mL 21.7+6.2 6.2+24**

Note. The difference from the Group | is statistically significant:
* p<0.05; ** p=0.001.

Table 3
Correlation between the HOMA-IR, 25(0OH)D
and leptin levels

25(0OH)D  Leptin HOMA IR (> 2.7)
25(0CH)D 1 -0.4*% -0.37*%
Leptin -0.20* 1 +0.27*%
HOMA-IR (> 2.7) -0.37*% +0.27*% 1

Note. * p < 0.05.
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DISCUSSION

Our study revealed higher levels of leptin and lower
levels of 25(0H)D in individuals with IR compared
to those without IR. A reliable negative relationship
between 25(0H)D and leptin level in blood serum was
assessed. Although the HOMA-IR was positively corre-
lated with leptin levels in all study participants and was
significantly negatively correlated with 25(OH)D only in
individuals with insulin resistance.

Females and males with different body mass and
glucose tolerance participated in this study. Body
mass index ranged from non-obese to overweight and
obese, and glucose tolerance categories included nor-
mal glucose tolerance, newly diagnosed diabetes, and
known T2DM.

Published results of recent studies that attempted to
analyze the relationship between vitamin D and leptin
should not be generalized, because were conducted
with the inclusion of both healthy individuals and
those with T2DM with and without obesity [12, 13].

A significant negative relationship between serum
25(0OH)D and leptin levels in our study confirms the
results obtained by other researchers, who also report-
ed corresponding results [6, 12].

The inverse correlation between vitamin D and leptin
levels may be explained by a direct inhibitory effect of
vitamin D on leptin secretion from adipose tissue. Con-
sequently, vitamin D deficiency promotes leptin resis-
tance [14, 15] with the development of hyperleptinemia
and IR. In addition, obesity-induced hyperleptinemia
may lead to decreased 25(0OH)D levels [16].

The effect of the additional vitamin D intake on
the leptin level has not been confirmed, considering
the controversial results of the conducted studies [17,
18]. Some authors suggest that vitamin D-mediated
inhibition of leptin secretion by adipocytes may play
an important role only in early-staged obesity, on the
other hand in advanced and morbid obesity other
mechanisms are involved in this process [19]. Most
of the participants in our study were overweight or
obese. Therefore, at this stage, vitamin D deficiency
and concomitant leptin oversecretion probably will
cause hyperleptinemia. Apparently, in the case of
obesity upstaging, the effect of obesity-related hyper-
leptinemia may become more important, leading to
a decrease in vitamin D levels [19].

At the same time, the exact mechanism of vitamin
D’s interaction with leptin secretion and its role in the
regulation of leptin levels in vivo is insufficiently stud-
ied and needs to be clarified. Whether low vitamin D

levels lead to hyperleptinemia or hyperleptinemia
leads to low vitamin D levels cannot be answered with
certainty in this study. Therefore, additional research is
needed to clarify this complex relationship.

We also found higher levels of leptin in individu-
als with IR and a reliable relationship between leptin
and the HOMA IR index. A similar connection was also
reported earlier [20], which can be explained by resis-
tance to leptin in the hypothalamus with subsequent
development of IR in various peripheral tissues, in par-
ticular in the liver and skeletal muscles [21].

Data from our study suggest decreased 25(0OH)D
levels in individuals with IR and a significant inverse
relationship of serum 25(0OH)D levels with HOMA-IR
also in individuals with IR. Thus, the effect of 25(0OH)D
levels on insulin sensitivity is significant only at higher
rates of insulin resistance. It may also mean that IR is
secondary to hypovitaminosis D. Therefore, further
studies are needed to resolve this issue.

Our study has several limitations. This was a cross-
sectional study with one measurement of serum
vitamin D and leptin levels, so causality cannot be
established. The level of parathyroid hormone was
not measured, which could provide additional infor-
mation about the value of vitamin D deficiency. The
inclusion of individuals with obesity of Il—IIl degrees
could further clarify the relationship between
leptin and vitamin D across the spectrum of weight
categories.

CONCLUSIONS

This study revealed a reliable negative relationship
between serum 25(0OH)D and leptin levels. Leptin levels
were higher and 25(0H)D levels were lower in individu-
als with insulin resistance.

Significantly lower 25(0OH)D levels were found in
individuals with IR and a significant inverse relation-
ship of serum 25(0OH)D levels with HOMA IR only in
individuals with IR. These data suggest that the effect
of 25(0OH)D levels on insulin sensitivity is significant
only at higher rates of insulin resistance.
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ABSTRACT

Previous studies have demonstrated a connection
between vitamin D levels and insulin resistance (IR) as well
as type 2 diabetes mellitus (T2DM). The importance of vita-
min D in the development of IR and T2DM in patients with
overweight and obesity is confirmed. Previous studies
have established a high frequency of deficiency and insuf-
ficiency of vitamin D in patients with T2DM. At the same
time, there is no information on the connection between
hypovitaminosis D and hyperleptinemia. Furthermore,
whether this association differs between individuals with
and without insulin resistance has not been established.

Objective — to evaluate the correlation between
the level of 25(0OH)D3 and leptin in patients with and
without insulin resistance.

Materials and methods. Totally, 76 patients aged 31
to 45 were included in the study. Participants were ran-
domized into two groups (38 patients in each group):
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Group | — individuals with IR (HOMA IR index>2.7);
Group Il — participants without IR (HOMA IR < 2.7). The
25(0OH)D, leptin levels, anthropometric, and other bio-
chemical parameters were compared between the two
groups, and the correlation between 25(0OH)D, leptin,
and the HOMA-IR index was assessed.

Results. Study participants with IR had significantly
lower levels of 25(0OH)D and significantly higher levels
of leptin compared to subjects without IR. Women
were found to have significantly lower 25(0OH) D levels
and significantly higher leptin levels compared to men.
A significant negative correlation was observed between
the content of 25(0OH)D in blood serum and leptin lev-
els. A significant negative correlation was also noted
between the indicators of 25(0OH)D and leptin in exam-
ined women, in contrast to men (r=-0.4; p=0.04 and
r=-0.042; p=0.8, respectively). The value of the HOMA
IR index indicated a significant negative correlation with
25(0H)D levels only in individuals with IR. A significant
positive correlation of the HOMA-IR index was also found
with serum leptin level (r=0.27; p=0.015).

Conclusions. The study found higher levels of circu-
lating leptin and lower levels of 25(OH)D in individuals
with insulin resistance. Levels of 25(0OH)D were inversely
related to leptin levels, especially in women.

Keywords: vitamin D, leptin, diabetes, obesity, insu-
lin resistance.

PE3IOME

B3aemo3B’'A30K MiX piBHAMM BiTamiHy D
Ta NenTUHY B 0Ci6 3 iHCyniHOpe3nCcTeHTHicTIo

T. 10. IO3eeHko ', B. I. laHekie ', €. C. Kozayyk',
10. Kopcak?, A. KoHeiccep 3, T. A. OcmaneHko
' YkpaiHcbKul HayKko80-npakmuyHul yeHmp eHOOKPUHHOI
Xipypeil, mpaHcnnaHmayii eHOOKPUHHUX OP2aHi8 i MKaHUH
Minicmepcmaa oxopoHu 30opoe’s Ykpaitu, Kuis
2Stefan Kukura Hospital in Michalovce, CnogauyuHa
3KRH Klinikum Grosburgwel, Frauenklinik, faHHosep,
Himeu4quHa

3a paHMMM JOChigXeHb YCTaHOBAEHO, WO piBeHb
BiTamiHy D noB’A3aHUN 3 iHCYNiHOPE3UCTEHTHICTIO

Jama HaoxooxeHHa 0o pedakyii 21.03.2022 p.
Jama peuersysarHa 09.05.2023 p.
Jama nidnucarHa cmammi 0o Opyky 01.06.2023 p.

(IP) Ta HasBHicTio uykpoBoro pgiabety (L) 2 Ttuny.
MNigTBEepAXeHO 3HauyeHHA BiTamiHy D y po3sutky IP
Ta U 2 twuny B 0cCi6 i3 HagmipHO Macoto Tina Ta
OXMPIHHAM. Y nonepegHix [OCNiIKEHHAX BUABJIEHO
BMCOKY YacToTy Aediunty Ta HefOCTaTHOCTI BiTaMiHy D
(25(0OH)D) y xBopux Ha L 2 Tnny. BigcyTHa iHpopmaLis
npo 3B’A30K Mix rinositamiHo3om D i rinepnentuHemi-
€l0. He BCTaHOBNEHO, UM BifpPI3HAETLCA LA acouialid
B 0Ci6 3 IP Ta 6e3 Hei.

Meta po6oTu — [OCNiANTM B3aEMO3B'A30K MiX
(25(0OH)D) i nenTrHoMm B ocib 3 IP Ta 6e3 Hel.

Martepianu Ta metogu. [ig cnoctepexeHHAM nepe-
6yBanu 76 ocib, AK1X po3noginunm Ha Agi rpynu gocni-
OxeHHA (no 38 nauieHTiB y KOXHin rpyni). [lo nepoi
rpynu 3anyyunu oci6 3 IP (ingekc HOMA IR>2,7), oo
apyroi — nauieHTis 6e3 IP (iHgekc HOMA IR<2,7).
MNpoBeneHo nopiBHAHHA BMicTy 25(0H)D Ta nentuny,
aHTPOMOMETPUYHUX i BioXiMiUHMX NapameTpiB y rpynax
Ta BUBYEHO KopenAauinHui 38’a30K Mix 25(0OH)D, nentu-
HOM Ta iHaekcom HOMA-IR.

PesynbraTin. B oci6 3 IP 3adikcoBaHO CTaTUCTUUYHO
3HauyLWwo HXK4YMin piseHb 25(0OH)D i cTaTMCTUYHO 3Ha-
4yLo 6iNbLWKN BMICT NeNTUHY NOPIBHAHO 3 NaLli€EHTamMu
6e3 IP. ¥ xiHoK KoHLeHTpauia 25(0H)D 6yna ctatnctunu-
HO 3HAUYLLO HMXKYOD, BMICT NENTUHY — CTAaTUCTUYHO
3HauyLWo 6iNbLWNM NOPIBHAHO 3 NOKa3HMKaMM y YONOBI-
KiB. BuaBneHo cTaTUCTMYHO 3HauyLwmii 06epHEHO npo-
nopuiiHuiA 38’A30K Mixk piBHAMK 25(0H)D y cupoBartui
KpPOBi Ta nenTuHy. Y XiHOK Ha BigMiHY Bif 4ONOBIKiB
uen 3B'A30K OYB CTAaTUCTMYHO 3Hauywum (Bignosia-
Ho r=-0,4; p=0,04 i r=-0,042; p=0,8). YcTaHOBNEHO
CUIIbHWI 06EPHEHO NPOMOPLNHNIA 3B'A30K MiX iHAEK-
com HOMA IR 1a piBHem 25(0H)D nuwe B oci6 3 IP,
a TAaKOX MPAMO NPOMNOPLiMHNA 3B'A30K MiXK iHOEK-
com HOMA-IR Ta piBHEM nenTrMHY B CMPOBATLi KPOBI
(r=+0,27; p=0,015).

BucHoBKW. BruAasneHo BUWMIA BMICT LUPKYNOKYO-
ro NenTuHy Ta HWxXumin piseHb 25(0H)D B oci6 3 IP.
KoHueHTpauia 25(0H)D ob6epHeHO nponopuiliHo
noB’'si3aHa 3 PiBHEM JIENTUNHY, 0COONNBO Y KiHOK.

KnouoBi cnoBa: BiTamiH D, nenTuH, uyKkpoBun gia-
6eT, OXKUPIHHA, IHCYNIHOPE3NCTEHTHICTb.
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