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Abstract. Background. Recent epidemiological studies revealed a significant inverse relationship between vi-
tamin D levels, insulin resistance (IR), and cardiovascular diseases. However, few interventional studies have
evaluated the effect of vitamin D supplementation on cardiovascular risk, such as IR and arterial stiffness in hy-
pothyroidism. The purpose of the study is to investigate the role of vitamin D supplementation on cardiovascu-
lar risk in patients with hypothyroidism, including metabolic parameters, IR, and arterial stiffness. Materials and
methods. We enrolled 55 patients with hypothyroidism who were taking levothyroxine medications. We excluded
patients who were taking vitamin D or calcium supplements. Participants were randomized into the vitamin D
group (cholecalciferol 4,000 IU/day, n = 30) or the control group (only levothyroxine, n = 25). We compared their
IR (homeostatic model assessment (HOMA-IR)) and arterial stiffness (brachial-ankle pulse wave velocity) before
and after 12 weeks of intervention. Results. The baseline characteristics of the two groups were similar. A total of
55 participants completed the study protocol. At the end of the study period, 25-hydroxyvitamin D (25(0OH)D) levels
were significantly higher in the vitamin D group than in the control group (32.7 + 7.2 ng/ml vs. 17.1 + 6.3 ng/ml,
p < 0.05). There was no difference in HOMA-IR or changes in arterial stiffness between the groups. Conclusions.
Our data suggest that vitamin D supplementation might be effective in terms of elevating 25(OH)D levels. However,

we identified no beneficial effects on cardiovascular risk in hypothyroidism, including IR and arterial stiffness.
Keywords: hypothyroidism; insulin resistance; vitamin D deficiency; vascular stiffness

Introduction

Vitamin D function as a hormone is to regulate bone
metabolism via calcium homeostasis. The recent re-
newed interest in vitamin D results from a worsening
trend of worldwide deficiency as well as novel insights
regarding its effects on glucose metabolism, endothelial
function, and the cardiovascular system [1, 2].

Most of Ukrainian population are vitamin D-defi-
cient [3], which is cyclically aggravated in seasons with
low physical activity, such as winter and spring. Obesity,
including higher body mass index (BMI), waist circum-
ference, total fat mass, and percentage of fat mass, is also
a major risk factor for vitamin D deficiency [4]. In pa-
tients with hypothyroidism, the prevalence of vitamin D
deficiency is almost twice higher than in individuals
without thyroid pathology [5].

Vitamin D levels are negatively related to insulin
resistance (IR) [6] and arterial stiffness [7]. Hypothy-
roidism combined with vitamin D deficiency doubles
the relative risk of cardiovascular disease and morta-
lity compared with hypothyroidism with normal vita-
min D levels [8]. IR might link vitamin D deficiency
and arterial stiffness in hypothyroidism. Several inter-
ventional trials were performed to evaluate the effect
of vitamin D supplementation on IR [9], endothelial
function and arterial stiffness [10] in insulin-resistant
subjects without hypothyroidism. One interventional
study evaluated the effect of vitamin D on endothe-
lial function in patients with type 2 diabetes [11]. Ho-
wever, no interventional trials have evaluated the ef-
fect of vitamin D on both IR and arterial stiffness in
hypothyroidism.
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The purpose of the study was to investigate the effect
of cholecalciferol supplementation on IR and arterial
stiffness in vitamin D-deficient patients with hypothy-
roidism.

Materials and methods

This study was a prospective, randomized trial in
patients with hypothyroidism and 25-hydroxyvitamin
D (25(OH)D) concentrations < 30 ng/ml during the
screening period (from May 2016 to September 2016) in
Ukraine. We enrolled participants whose thyroid-stimu-
lating hormone (TSH) level was stable.

The inclusion criteria were as follows: ambulatory
participants aged 35 to 70 years; TSH levels < 7.0 mIU/I;
unchanged medication (levothyroxine, antihypertensive
drugs, antilipid drugs) within 3 months before the study.

The exclusion criteria were: the use of osteoporo-
sis medications (estrogen, selective estrogen receptor
modulator, bisphosphonate, vitamin D, or calcium)
within 3 months before study; systolic blood pressure
(SBP) > 160 mmHg or diastolic blood pressure (DBP)
> 100 mmHg; acute myocardial infarction or stroke
within 6 months; abnormal liver function test (alanine
aminotransferase (ALT) or aspartate aminotransferase
(AST) > 2.5-fold the upper normal limit); or alcoholism
(weekly ethanol consumption > 140 g).

The study was performed at the Bukovinian State
Medical University in Chernivtsi. The Institutional Re-
view Board of Bukovinian State Medical University ap-
proved the study protocol. All subjects provided written
informed consent.

The recent guidelines recommend an optimal level
of 25(OH)D of > 30 ng/ml [12]. Therefore, we selected
4,000 IU of vitamin D, as the daily supplemental dose for
study subjects to achieve a target level of 25(OH)D.

The participants were randomized to receive either
4,000 TU of cholecalciferol once daily (n = 30) or only
levothyroxine (control group) for 12 weeks (n = 25)
within 1 month of screening. A physical examination
and blood chemistry were performed in all of the partici-
pants at baseline and 24 * 4 weeks later. We also evalua-

ted arterial stiffness of all patients at baseline and at the
end of the study. All participants were instructed not to
change their previous lifestyle, including outdoor physi-
cal activity and sun exposure. We educated participants
regarding vitamin D-rich diets. Their physicians did not
change their antihypertensive, and antilipid medications,
which affect arterial stiffness, during the study period.

In this study, we evaluated metabolic parameters
(TSH, lipid profiles, insulin, homeostasis model assess-
ment-IR (HOMA-IR)), C-reactive protein (CRP), bra-
chial-ankle pulse wave velocity (baPWV). We also evalu-
ated the safety profile of vitamin D supplementation in
terms of serum calcium levels, liver, and kidney function.

Patient’s body weight and height were measured with
the subjects wearing light clothing without shoes. Waist
circumference was measured from the narrowest point
between the lower borders of the rib cage and the iliac
crest. BMI was calculated as the weight (kg) divided by
the height (m?). Blood pressure was measured in the sit-
ting position after a 10-minute rest period (peripheral
brachial blood pressure).

Blood samples were drawn after an overnight fast and
were centrifuged immediately. Levels of serum calcium,
phosphorus, creatinine, AST, ALT, lipid profiles, and
TSH were measured in an overnight fasting state from 7:00
t0 9:00 AM. Serum 25(OH)D was evaluated using a direct
competitive chemiluminescence immunoassay. Insulin
was measured by means of an electrochemiluminescence
immunoassay method. The serum intact parathyroid hor-
mone (PTH) level was determined using a chemilumines-
cence immunoassay (reference value 15 to 65 pg/ml).

The statistical analyses were performed using
Statistica 8.0 program. The results are expressed as
mean * standard deviation (SD) or number (%). Data
with skewed distributions are expressed as medians and
interquartile ranges. Comparisons between groups were
performed using two-tailed Student’s f tests. Categorical
variables were compared by chi-square test. Statistical
analyses were performed after logarithmic transforma-
tion in skewed distributions. A p < 0.05 was considered to
indicate significance.

Table 1. Baseline characteristics of study participants

Characteristic Control group (n = 25) Study group (n = 30)
Age, years 57.2 +6.1 55.7 +6.3
BMI, kg/m? 29.4+3.8 28.6 + 3.8
Hypothyroidism duration, years 7.2+31 79+3.7
SBP, mmHg 134.8 + 14.0 129.7 £ 13.1
DBP, mmHg 77.8 +8.2 74.6 + 8.1
baPWV, cm/s 1.574 £ 0.286 1.571 £ 0.254
TSH, mlU/I 472 +0.36 493 +0.49
Fasting insulin, pU/ml 7.8 (5.1-14.9) 7.4 (4.8-13.8)
HOMA-IR 3.8 (2.6-4.1) 3.6 (2.5-4.4)
25(0OH)D, ng/ml 16.7 £ 2.7 17.3 £ 3.1
Creatinine, mg/dl 0.78 +0.24 0.72+0.18
AST, U/l 29.1 £+ 9.5 27.9+8.3
ALT, IU/I 28.2+9.1 26.1+6.4
PTH, pg/ml 26.8 (19.6-42.1) 27.2 (18.9-44.2)
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Results

Fifty-five participants with hypothyroidism were ran-
domized into the control (n = 25) and vitamin D groups
(n = 30). There were no differences between the groups
in terms of age (57.2 + 6.1 years vs. 55.7 + 6.3 years),
hypothyroidism duration (7.2 £ 3.1 years vs. 7.9 = 3.7
years), medications (levothyroxin, antihypertensive
and antihyperlipidemic agents), smoking status. In ad-
dition, the thyroid status (TSH 4.72 £+ 0.36 mIU/I vs.
4.93 + 0.49 mIU/1), 25(OH)D levels (16.7 £ 2.7 ng/ml
vs. 17.3 £ 3.1 ng/ml, p > 0.05), HOMA-IR, lipid pro-
files, and CRP were similar between the groups. Only
one participant had PTH levels < 65 ng/mL. Baseline
SBP, baPWV were similar between the groups (Table 1).

The data of 55 participants were analyzed. At the end
of the study, 25(OH)D levels reached 32.7 *+ 3.2 ng/ml
and 18.9 £ 2.7 ng/ml in the vitamin D and control groups,
respectively (p < 0.001). There were also significant
differences in the adequacy of the vitamin D level
(=30 ng/ml). In the control group, only 8.0 % of patients
(n = 2) had adequate levels of vitamin D, compared with
63.3 % (n=19) in the vitamin D group (p< 0.001). There
were no differences in changes in TSH, HOMA-IR, li-
pid profiles, CRP, and PTH between groups. There were
also no differences in baPWV between the control and
vitamin D group.

Similarly, there were no significant changes in
baPWYV after adjusting for age, hypothyroidism duration,
and blood pressure before and after the study. During the
trial, no adverse effects related to calcium metabolism or
renal and hepatic function occurred.

Discussion

In this study, we evaluated the effect of 12-week vi-
tamin D supplementation in 25(OH)D-deficient pa-
tients with hypothyroidism. Vitamin D supplementation
was very safe and effective in elevating 25(OH)D levels.
63.3 % of the participants reached the target levels of
25(OH)D in the vitamin D-treated group, compared
with only 8 % in the control group during summer. Ne-
vertheless, there was no beneficial effect of high-dose
vitamin D supplementation on cardiovascular risk fac-
tors, including HOMA-IR, lipid profiles, CRP, SBP,
baPWYV, and PTH levels, in this 12-week trial.

Vitamin D deficiency is more prevalent and severe in
patients with hypothyroidism compared with the normal
population. Epidemiological studies revealed that vi-
tamin D deficiency accompanied by hypothyroidism is
associated with an increased risk of all-cause and cardio-
vascular mortality [13].

Vitamin D receptors are found in several tissue types
throughout the body, including vascular smooth muscle,
the endothelium, and cardiomyocytes. In many observa-
tional studies, vitamin D deficiency was strongly associ-
ated with cardiometabolic risk factors such as endothelial
dysfunction [14].

IR is associated with arterial stiffness and cardio-
vascular diseases independent of thyroid status and hy-
pertension. Arterial stiffness is a powerful independent
marker of cardiovascular disease in patients with hypo-
thyroidism [15]. IR might also link arterial stiffness and

vitamin D deficiency in hypothyroidism. Insulin sen-
sitivity and IR were improved significantly, and fasting
insulin was decreased after daily supplementation with
4,000 IU of vitamin D in insulin-resistant Asian females
compared with placebo controls.

IR was improved when the endpoint serum 25(OH)D
reached > 32 ng/ml [16]. However, in other trials there
was no improvement in glucose metabolism, insulin se-
cretion, or inflammatory markers despite 25(OH)D Ile-
vels approaching 70 ng/ml [17, 18]. There was no amelio-
ration in lipid profiles or HOMA-IR in the current study.

There were also no effects on IR (HOMA-IR), in-
flammatory marker (CRP), or PTH in the vitamin D
group. The lack of reduction in arterial stiffness might
have arisen from the negative effects of vitamin D sup-
plementation on these arterial stiffness-related cardio-
vascular risk factors.

This study had several advantages over other similar
works. We did not change the patients’ medications, as
doing so could have affected the results. In addition, all
of the participants were vitamin D-deficient. However,
this study had several potential limitations. First of all, the
current study included relatively few participants. As such,
our study did not have sufficient power to detect small dif-
ferences in metabolic parameters, HOMA-IR, or arterial
stiffness between groups. It is also possible that the dose
of vitamin D used was insufficient to change PTH levels
significantly, which might have affected arterial stiffness.

Vitamin D supplementation in vitamin D-deficient
patients with hypothyroidism might be effective and safe
in elevating 25(OH)D levels. Additional long-term, high-
dose, interventional trials in patients with hypothyroi-
dism and vitamin D-deficiency should be performed to
evaluate the effects of vitamin D supplementation on car-
diovascular risk factors, such as IR and arterial stiffness.

Conclusions

1. Vitamin D levels are negatively related to insulin
resistance and arterial stiffness. IR might link vitamin D
deficiency and arterial stiffness in patients with hypothy-
roidism. However, no interventional trials on the effect
of vitamin D on both IR and arterial stiffness in hypothy-
roidism have been performed.

2. Vitamin D supplementation had no beneficial ef-
fects on cardiovascular risk factors (lipid profiles, IR,
blood pressure) or arterial stiffness (brachial-ankle pulse
wave velocity) in vitamin D-deficient patients with hy-
pothyroidism.
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BuLLmvt AeprkaBHMA HOBYOAbHV 3QKAQA, YKPQIHN «BYKOBUHCBKINM ASPXKABHUA MEANYHNI YHIBEOCUTETY,

M. YepHisui, YkpaiHa

BrnAnB AOAQTKOBOIO MPU3HAYEHHS BiTAMiHY D
HQA IHCYAIHOPE3UCTEHTHICTb TA XXOPCTKICTb apTepin
Y XBOPUX HA rinoTMpeos

Pe3tome. Axmyaavnicms. Y HelOOaBHIX €MigeMioIOTIYHMX
JOCJTIKEHHSIX BUSIBJIEHO BipOTiHi 3BOPOTHI B3a€MO3B’SI3KU
MixX piBHSAMU BiTaminy D, iHcyniHope3ucteHTHicTIO (IP) i cep-
1I€BO-CYIMHHUMU 3aXBOpIOBaHHSIMU. OMHAK JTUIIE B IeKilTb-
KOX iHTepBEHLIMHUX TOCTIIKEHHSIX OyJI0 MPOBEACHO OIIIHKY
BILIMBY JIOAATKOBOIO IpU3Ha4YeHHs BiTamiHy D Ha cepueBo-
CYAMHHUI PU3UK, XXKOPCTKICTh apTepiil y XBOPUX Ha TilTOTH-
peo3. Mema docaidxncennss — BU3HAYUTU BIUTUB JOAATKOBOTO
MpU3HAUEHHS BiTaMiHy D Ha ceplieBO-CyIMHHUN PUBUK Yy
XBOPHUX Ha FMOTUPE03, Y TOMY YUCJIi MeTabOJIiuHi MapamMeTpu,
1P i xopctkicTb aptepiit. Mamepiaau ma memoodu. I1in criocte-
PEXEeHHSIM TlepedyBaJio 55 XBOPUX Ha TiMOTUPEO3, SIKi OTPUMY-
BaJIM 3aMiCHY Teparlito JeBOTUPOKCUHOM. 3 JOCIiIKEHHST BU-
KJIIOUMJIM TTalli€HTIB, SIKi OTPUMYBAJIM IpenapaTy BitTaMiHy D
a00 KaJibllil0. YYaCHUKU IOCTIIKEeHHS OyJau poO3IOjiJeHi B
TpyITy, sIKiif Oyyio mpu3HayeHo BitTaMiH D (xonexanbimdepos
y 103i 4000 MO B aeHb; n = 30), i KOHTPOJIBHY IpyITy (OTpH-
MyBaJia JIu1ie JeBOTUPOKCUH; n = 25). [IpoBeaeHO MOpiBHSIH-

Hs noka3HukiB [P (oninka momeni romeoctazsy (HOMA-IR),
KiCTOYKOBO-ILJIEYOBOTO iHAEKCY) 10 i IMic/sl CIOCTepexKeHHs
BOPOAOBX 12 THKHiB. Pe3yabmamu. XapaKTepuCcTUKUA XBOPUX
JIBOX TPYIM Ha MOYarTKy JOCTiIKEeHHS BipOTilHO He BiIpi3HSI-
qucst. [I’aTaecar m’aTh yJaCHUKIB 3aBEPIIMIA JOCITIKSHHS
3riIHO 3 MPOTOKOJI0OM. HanmpuKiHILi criocTepeXXeHHsI TOKa3HU -
kU 25-rigpokcuBitaminy (25(OH)D) Oynu BiporiaiHO BUILIMMU
B IpyIi, 0 OTpUMYBaJIa BiTaMiH D, aHiXX y KOHTPOJIbHIi TpyIIi
(32,7 £ 7,2 ur/mnaporu 17,1 £ 6,3 ur/mi, p < 0,05). Y Toii xe
yac He BCTAHOBJIEHO BiJIMIHHOCTEM 3a MOKa3HUKAMU iHAEKCY
HOMA-IR i 3MiH XOPCTKOCTi apTepiil MixX rpyramMu XBOpHUX.
Bucnosku. JlonaTkoBe nmpu3HauyeHHd BiTaMiHy D BIpomoBx
12 tuxuiB edextuBHO minBuirye BMicT 25(OH)D B KpoBi.
OpHak BIUIMBY TaKOro JIiKyBaHHsI Ha MOKa3HUKU CEPLeBO-
cynuHHoro pu3uky (IP Ta x)opcTkicTb apTepiii) y XBOpUX Ha
TiOTUPE03 He BCTAHOBJIEHO.

Kiro4yoBi clioBa: rinotupeos; iHCy1iHOPE3UCTEHTHICTD; a€-
¢iuT BiTaminy D; )kopcTKicTb apTepiit
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BeicLuee rocysapciBeHHoe y4ebHoe 3aBeAeHWe YKpAUHbI «byKOBUHCKUM FOCYAQPRCTBEHHbBIN MEAVNLMHCKUL YHUBEDCUTET,

r. YepHoBLUpbI, YkpauHQa

BAUSIHUE AONOAHUTEABHOIO HO3HOYEHUS BUTAMUHA D HO MHCYAUHOPE3UCTEHTHOCTh
M XXECTKOCTb APTEPUM Y GOAbHBIX TMAOTUPEO30M

Pe3tome. Axmyaavnocms. B HeaBHUX S1TUIEMUOIOTNYECKIX
WCCIICIOBAHUSIX BBISIBJIEHBI JOCTOBEPHBIE OOpaTHBIE B3aUMO-
CBSI3U MEXJy YPOBHSIMU BUTaMUHA D, MHCYJTMHOPE3UCTEHT-
HocTthio (MP) m cepmeyHO-cocyaucThIMU 3a00JIeBaHUSIMU.
OnHAaKo JIMIIb B HECKOJIBKMX MHTEPBEHIIMOHHBIX MCCIIEHO-
BaHUSX OblIa TIPOBEIEHA OIIEHKA BIUSIHUS JTOTIOJTHUTETh-
HOTrO Ha3HAuYeHUs1 BUTaMuUHA D Ha CepaeuyHO-COCYIUCTHIA
PHCK, XECTKOCTh apTepuii y OONbHBIX TUTIOTUpPeo30oM. Ifeas
uccaedosanuss — OTPEICTUTb BIUSHUAE JOTOJTHUTEIBHOTO
Ha3HAaueHWsT BUTaMUHAa D Ha cepaeyHO-COCYIUCTBI PUCK Y
GOJIBHBIX TUTIOTUPEO30M, B TOM YHUCJIE METabOIMUECKUE Ta-
pametpsl, P 1 xxectkocth apTepuii. Mamepuaavt u menoow..
ITox HabMOAEHUEM HAXOAMJIOCh 55 OOJIbHBIX TUIIOTUPEO30M,
KOTOpBIE TIOJIYIal 3aMECTUTENbHYIO Teparuio JIEBOTUPOK-
cuHOM. M3 uccienoBaHusl UCKIIIOUYEHBI TAIIMEeHThI, TOoTyJa-
IolMe Mpernaparbl BUTaMUHA D WM Kaiblivsl. YYacTHUKU
HCCIIeIOBaHMS ObUIM pacrpeiesieHbl B TPYIITY, KOTOPOii ObLI
Ha3zHaueH BUuTaMuH D (xonekanbiiudepon B noze 4000 ME B
neHb; N = 30), ¥ KOHTPOJIbHYIO TPy (TOJTyJasa JTUILb JIeBO-

tupokcuH; n = 25). I[IpoBeaeHo cpaBHeHMe TToka3ateseit UP
(momenb romeoctada (HOMA-IR), j0abpKe4HO-IIEYEBOTO
WHIEKca) 10 U TIocsie HabmoaeHus B TeueHue 12 Hemenb. Pe-
3yavmamot. XapaKTePUCTUKU OOJIBHBIX ABYX TPYIIT Ha HAaYaIo
HCCIEIOBAHUS JOCTOBEPHO HE OTAMYaIUCh. [IaThaecsaT nsThb
YUYaCTHUKOB 3aBEPIIMIIN UCCIIEI0BAHNE COMIACHO TTPOTOKOJTY.
B xonle HabmomeHUs TOKasaTeJM 25-TUAPOKCHUBUTAMUHA
(25(OH)D) 0b11M 1OCTOBEPHO BHBIIIIEC B TPYIIE, MOTyJaBIICi
BUTaMUH D, yem B KOHTposibHO# rpynne (32,7 + 7,2 Hr/mi
npotuB 17,1 £ 6,3 ur/mi, p < 0,05). B To e BpeMst He ycTa-
HOBJIEHO OTJIMYMiIl 1Mo mokasaTtensMm uHaekca HOMA-IR u
U3MEHEHU KECTKOCTU apTepuil MEXIy IrpynnaMu OOJbHBIX.
Bbieodwsir. [lononHuTeIbHOE Ha3HaueHUWEe BUTaMMHA D B Te-
yeHre 12 Hemeab 3¢h@GEKTUBHO IMOBBIIIAET KOHLIEHTPALIMIO
25(OH)D B kxpoBu. OgHAaKO BIMSHUS TAKOTO JICUCHUS Ha T10-
KazaTesu cepaeyHo-cocyauctoro pucka (MP u xecTkocTh ap-
Tepuii) y 00JbHBIX TUIIOTUPEO30M HE YCTAHOBJIEHO.
KimioueBbie CJIOBA: TUIIOTUPEO3; MHCYIMHOPEZUCTEHTHOCTE;
neuuuT BUTaMrHa D; XKeCTKOCTh apTepuii
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