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ABRAMOVA N.O., PASHKOVSKA N. V.
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PECULIARITIES OF INDICES OF THYROID HOMEOSTASIS
IN PATIENTS WITH METABOLIC SYNDROME DEPENDING
ON BODY MASS INDEX

Summary. Introduction. Nonthyroidal illness syndrome develops in patients against the background of chronic
comorbidity as a result of impaired peripheral conversion of thyroid hormones and is characterized by low levels
of triiodothyronine (T,).

Objective of the study: to find out the features of thyroid homeostasis in patients with metabolic syndrome
(MS).

Materials and methods. 64 patients with MS and 20 healthy individuals were involved in the investigation. We
determined the level of thyroid stimulating hormone (TSH), free thyroxine (fT,) and free triiodothyronine (fT,).
To study the functional status of the pituitary-thyroid axis, we calculated fT,/fT, ratio and thyroid index (TI).
Peripheral activity of thyroid hormones was estimated by total thyroid index (TTI).

Results. In the course of our study, lower fT, levels and increased levels of TSH and T4 was revealed in patients
with MS compared with the group of healthy subjects (p < 0.05). We found a reduction of fT /fT  ratio (p < 0.05)
compared to the control group (p< 0.05). TTI was lower in the examined patients compared with the group of
healthy individuals (p < 0.05).

As a result of correlation analysis, it was established that body mass index negatively correlated with the level
of fT, (r=-0.341, p < 0.05), T /fT, index (r = -0.458, p < 0.05), Tl (r =-0.415, p < 0.05) and TTI (r = -0.335,
p < 0.05) and positively — with levels of fT,(r = 0.405, p < 0.05) and TSH (r = 0.327, p < 0.05).

Conclusion. The obtained data suggests the development of nonthyroidal illness syndrome in patients with
metabolic syndrome as a result of impaired peripheral conversion of thyroid hormones, which deepens with
body mass index growth, i.e. the class of obesity.

Key words: obesity, hypertension, metabolic syndrome, thyroid homeostasis, nonthyroidal illness syndrome.

Nonthyroidal illness syndrome (NTI), also known as
syndrome of low triiodothyronine (T,), occurs against a
background of chronic concomitant diseases and is charac-
terized by reduction of triiodothyronine due to inhibition of
deiodinases — enzymes which catalyze peripheral conver-
sion of thyroxine (T,) to its active metabolite (T,). These
changes are typical for 75 % of hospitalized patients [10, 11].
About 80 % of thyroid hormones are produced in peripheral
tissues through the activity of deiodinases [5, 13].

Three types of deiodinases have been identified: deio-
dinase [-type (D1) was found in the liver and kidneys; type
II deyodynase (D2) — in heart, coronary arteries, smooth
muscles of arteries, skeletal muscles, nervous system, adi-
pose tissue and thyroid gland; type 111 deiodinase (D3) —
in embryonic tissues, placenta, liver and skin [6]. D1 and
D2 are involved in the conversion of T, to T, (its active me-
tabolite) by deiodination in following positions: 5-D1, and
5'-D1 and D2. D2 regulates local T, activity and its acces-
sibility to nuclear receptors [13].

D3 inactivates thyroid hormones by formation of reverse
triiodothyronine (rT,) from T, and diiodothyronine from T,
and rT, [9]. Changes in the organs in which they function
(damage of liver, kidney, brain) cause reduction of these en-
zymes production and development of NTI.

It is known that the highest level of D2 and the lowest
levels of D1 and D3 was revealed in the pituitary gland
[7]. Under conditions such as stress, obesity, insulin re-
sistance, liver diseases, kidney diseases and other co-
morbidities the activity of D1 decreases whilst that of D2
and D3 activity increases [7, 10]. These changes help to
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maintain T, levels in the pituitary gland within the normal
ranges thanks to its D2-mediated conversion from T,,
which is why thyroid-stimulating hormone (TSH) level
is also within normal limits. Thus, TSH is an unreliable
indicator of thyroid hormones metabolism in peripheral
tissues against the background of diseases that cause NTI
development.

Despite the existence of preconditions for the develop-
ment of NTI in patients with metabolic syndrome (MS),
there exists only sporadic and somewhat conflicting data re-
garding the development of thyreopathies in these patients.
It was found that the incidence of hypothyroidism and
nodular goiter significantly increased in patients with MS
[7, 8, 10, 12]. However, features of peripheral metabolism
of thyroid hormones against the background of MS require
further research.

The aim of the study: to find out the features of thyroid
homeostasis in patients with metabolic syndrome.

Material and methods

The study involved 64 patients with M'S who were hospi-
talized in the Chernivtsi regional endocrinology center and
20 healthy people.

Patients were divided into groups as follows: Group I —
20 patients with MS and a body mass index (BMI) within
25—-29.9 kg/m? (overweight); Group I — 15 patient with
MS and a body mass index within 30—34.9 kg/m? (class |
obesity); Group III — 9 patients with MS and a body mass
index within 35—39.9 kg/m2 (obesity class Il and class I11);
Group IV — 20 patients with MS and a body mass index
within 18—25 kg/m? (normal weight).

The diagnosis of MS was established according to the
International Diabetes Federation (IDF) criteria on the ba-
sis of anthropometric, clinical and laboratory data [1]. The
levels of thyroid stimulating hormone (TSH), free thyroxine
(fT,) and free triiodothyronine (fT,) were determined. To
study the functional state of the pituitary-thyroid axis, fT,/
fT, ratio and thyroid index (TI) were calculated [2].

Peripheral activity of thyroid hormones was assessed
using total thyroid index (TTI) [3].

Statistical analysis of the obtained data was carried out
using the Student’s t-test and Pearson’s rank correlation co-
efficient by means of the software package Statistica 6.0 for
Windows. The result was considered reliable at p < 0.05.

Results

Investigation of thyroid homeostasis established sig-
nificant reduction of fT, in all groups of patients with MS
compared to the group of healthy individuals (table 1). The
lowest level of fT, was determined in groups I and II1 — it
was respectively 80.2 and 76,8 % lower than in the group of
healthy individuals (p < 0.05). Also {T, level was respectively
55.8 and 34.7 % lower in groups I and IV compared with
the healthy individuals (p < 0.05). The level of T, in group
I was respectively 13.5 and 17.7 % higher when compared
with groups II and III (p < 0.05) and was 19.8 % lower than
in group IV (p < 0.05).

FT3 level was significantly 31.3 and 33.8 % lower in
groups II and III compared to group IV (p < 0.05).

Against this background, a significant elevation of T,
levels by 22.9 and 30.1 % in groups II and III respectively
has been found compared to the group of healthy individuals
and group IV respectively (p < 0.05).

FT /T, ratio underwent the most significant changes
and was respectively 2,27 and 2.5 times lower in groups 11
and III compared with the control group (p < 0.05) and re-
spectively 45.5 and 60.0 % lower — compared with group IV
(p <0.05).

FT,/fT, ratio in group I was respectively 18.2 and 30.0 %
higher compared to groups II and III (p < 0.05) and 23.07
and 92.3 % lower in relation to groups IV and the group of
healthy individuals respectively (p < 0.05).

Reduction of fT, and elevation of fT, proportional to the
growth of BMI may indicate a violation of peripheral con-
version as a result of inhibition of D1 and activation of D3
which is in turn due to increased leptin content in blood that
is typical for people with MS on the background of resis-
tance to leptin.

Patients from groups I and II had respectively 80.3 and
51.9 % (p < 0.05) higher TSH content compared with the
group of healthy individuals. Also in group I TSH level was
51.2 % higher than that in group IV (p < 0.05). The highest
TSH content in blood serum was revealed in group I.

Noteworthy is the fact that this index had a tendency to
decrease in groups with elevated BMI.

This gives a line of empirical evidence that increased
leptin level, which is typical for obese patients on a back-
ground of MS, leads to stimulation of D2 activity in pitu-
itary tissue, accompanied by local formation of a sufficient
amount of T, and due to this an inhibition of TSH produc-
tion by the pituitary gland occurs despite the peripheral de-
ficiency of T, [4].

Discussion

TI was 1.89, 2.49, 1.96 and 2.67 times higher in groups
[, I, IIT and IV respectively compared with the group of
healthy subjects (p < 0.05). Tl in group I'V exceeded the cor-
responding figure in group I by 40.8 % (p < 0.05).

TTI in groups I, II, IIT and IV was respectively 62.6,
83.5, 85.5 and 40.7 %, lower compared with the control
group (p < 0.05). TTI was respectively 20.6, 30.5 and 31.9 %
lower in groups I, 11, III in relation to group IV (p < 0.05).
TTI decreased in patients with the highest BMI values, tes-
tifying the violation of peripheral conversion of thyroid hor-
mones which leads to NTI development.

Correlation analysis showed that BMI negatively cor-
related with fT3 (r = —0.341, p < 0.05), fT,/fT4 index
(r=-0.458, p < 0.05), TI (r = —0.415, p < 0.05) and TTI
(r = —0.335, p < 0.05) and positively correlated with T,
(r=0.405,p <0.05) and TSH (r = 0.327, p < 0.05).

Data, obtained as a result of correlation analysis, indi-
cate the dependence of thyroid supply of organism on com-
ponents of MS, in particular the degree of obesity.

It is known that patients with MS have resistance to
leptin which is accompanied by its increased production by
adipose tissue. Revealed changes may be caused by a depres-
sion of D1 activity by leptin and as a result, decreased fT,
levels.
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Table 1. Indicators of thyroid homeostasis in patients with metabolic syndrome according to body mass index

Patients with MS
Healthy
Indicators Group | Group Il Group Il (IMT Group IV individuals,
(IMT 25-29.9, (IMT 30-34.9, | 35-40, kg/m?), (IMT< 25, n=20
kg/m?), n = 46 kg/m?), n =28 n=14 kg/m?), n =37
TSH, mIU/I 3.750 £ 0.458* ** 3.310 £ 0.514* 3.140 = 0.381 2.480+0.268 2.080£0.152
T,, pmol/! 18.590 £ 1.167 19.690 = 20.830 + 17.340+1.826 | 16.020 = 1.451
2.417*** 2.276* **
fT,, pmol/I 4.790 = 4.220 + 4.140 = 5.540 = 0.277* 7.460£0.172
Q.23 7% **, *kk, kokkk 0.283* ** 0.151* **
fT,B/fT, 0.260 = 0.220 = 0.200 = 0.320 + 0.025* 0.500 = 0.043
01023*,**,***,**** 0.034* ** 0.014 * **
Tl 24.850 £ 0.235* ** 32.690 + 0.283* 25.760+0.412* | 34.990+0.402* | 13.080 +0.521
TTI 195.30 £ 9.15% ** 180.50 = 178.70 = 235.60+11.16* | 331.30+ 18.36
10.04* ** 7.13%**

Notes: * — p < 0.05 in relation to the group of healthy individuals; ** — p < 0.05 in relation to the group of
individuals with a BMI 18—-24.9; *** — p < 0.05 in relation to the group of individuals with a BMI 35-39.9;
**** — p < 0.05 in relation to those with a BMI of 30—-34.9.

Mechanism of negative feedback is impaired in patients
with MS (i.e. TSH is not produced in necessary amount be-
cause of sufficient formation of T, in pituitary tissue due to
the activation of D2 in the pituitary gland). This makes TSH
an unreliable indicator of disorders of thyroid homeostasis
in patients with MS [4]. In healthy individuals, leptin stimu-
lates production of TSH by the pituitary gland, but against
the background of resistance of receptors to leptin, this pro-
cess is inhibited [6].

Author declares that there are no conflicts of interest.

Conclusions

1. Impairment of peripheral conversion of thyroid hor-
mones has been revealed in patients with metabolic syn-
drome which manifests itself by the reduction of free tri-
iodothyronine content, free thyroxine level elevation, lower
free triiodothyronine/free thyroxine ratio and lower total
thyroid index.

2. Level of thyroid stimulating hormone increased in pa-
tients with metabolic syndrome compared with the group of
healthy individuals, but in groups with increased BMI more
than 35 kg/m? its level was reduced, so this index may not be
reliable indicator of thyroid hormones metabolism against
the background of obesity.

3. Changes in thyroid homeostasis parameters in pa-
tients with metabolic syndrome aggravated with body mass
index growth and were estimated as nonthyroidal illness
syndrome.
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OpuruHaabHble uccaepoBanus /Original Researches/

Abpamosa H.O., lNawwkosckast H.B.
BIr'y3Y «byKOBUHCKIV FOCYAQPCTBEHHBI MEAMLIMHCKV
YHUBEPCUTET», I, YepPHOBLIbI

OCOBEHHOCTU MOKAS3ATEAEA TUPEOUAHOTO
FTOMEOCTA3A Y BOAbHbIX C METABOAUYECKUM
CUMHAPOMOM B 3ABUCUMOCTU
OTUHAEKCA MACCbI TEAA

Pesiome. AktyampHocth. CHHIPOM HETUPEOMTHON ITaTOJIOTMU
pa3BuBaeTCsl y OOJbHBIX Ha (hOHE XPOHUYECKOW COMYTCTBYIOLICH
MaToJIOTUU B pe3yJibTaTe HapylIeHHOU repudepruueckoil KOHBep-
CHUU TUPEOUTHBIX TOPMOHOB M XapaKTEePU3yeTCs] HU3KUM YPOBHEM
Tpuitontuponuna (T,).

Llens uccieoBaHus: yCTAaHOBUTh OCOOEHHOCTH TUPEOUTHOTO TO-
MeocTasa y malMeHToB ¢ MeTaboanueckuM cuHapomom (MC).

Marepuanst 1 Meroasl. O6cienoBano 64 mauuenra ¢ MC u 20
3M0poBBIX Jnil. OmpeneseH ypoBEHb THPEOTPOITHOTO TOPMOHA
(TTT), cBoboaHoro TupokcuHa (¢T,) u cBOGOAHOTO TPUHOATUPO-
nuHa (cT,). [t usydenust GyHKIMOHATBLHOTO COCTOSHUS THIIO-
(u3apHO-TUPEOUIHOM ocK BeraucAnoch cootnomenue cT,/cT, u
tupeonaHbrii uaaexc (TH). [Mepudepnyeckyio akTHBHOCTb TUPEO-
WIHBIX TOPMOHOB OLIEHMBAJIM MTOCPENCTBOM OIPEACICHUSI CyMMap-
Horo TupeougHoro unaekca (CTH).

Pesyabratel. B xone Hatero viccieqoBanus 0ojiee HU3KME YPOB-
nu cT, u noBeinennoe conepxanue TTT u ¢T, BeABIEHO y Manu-
eHToB ¢ MC no cpaBHeHUIO ¢ rpynmnoit 3mopoBbix Jaull (p < 0,05).
O6HapyxeHo ymeHbuieHne kospduumenra c¢T,/cT, (p < 0,05) B
corocTaBieHuu ¢ rpymmoii Kontpous (p < 0,05). CTH 6but Himke
y o0cemoBaHHBIX 00JbHBIX ¢ MC, 4yeM B TpyIIie 3M0POBBIX JIUIL
(p <0,05).

B pesynabraTe KOppEJSILIMOHHOTO aHaIM3a YCTAHOBJIEHO, YTO
MHIEKC MAacChl Tejla OTPULIATENIbHO KOPPENUpYeT ¢ yposHeM CT,
(r = —0,341, p < 0,05), coornomenunem cT,/cT, (r = —0,458,
p <0,05), TU (r=-0,415, p < 0,05) u CTHU (r = —0,335, p < 0,05)
1 MOJIOKUTENIbHO — ¢ conepxanuem cT, (r=0,405,p <0,05) u TTT
(r=0,327,p <0,05).

BeiBoa. [lomydyeHHble AaHHBIE CBUAETENBCTBYIOT O DPa3BUTUH
CHHIpPOMa HETUPEOUIHOM MaTOJOTMU y MALMEHTOB ¢ MeTaboJu-
YEeCKUM CUHIPOMOM B pe3yJIbTaTe HapylIeHHO! nepudepudeckoit
KOHBEPCUU TUPEOUTHBIX TOPMOHOB, KOTOPBII YCyTryOJIsieTcsl C yBe-
JIMYEHNEeM WHAEKCa MAcChl TeJia, TO €CTh CTETIEHU OKUPEHMSI.

KiioueBbie ciioBa: oxupeHue, apTepuaibHas TUIIEPTEH3Us, Me-
TabOJMYECKUI CHHAPOM, TUPEOUIHBII TOMeoCTa3, CUHAPOM HETH-
PEOUIHOI TTATOJIOTH Y.

Abpamosa H.O., lNaLkoscbka H.B.
BAH3Y «byKOBUHCBKI AEPXKQBHWA MEANYHI YHIBEPCUTETY,
M. YepHisuji

OCOBAMBOCTI NOKA3HUKIB TUPEOIAHOTO
FTOMEOCTA3Y Y XBOPUX HA METABOAIYHUN
CUHAPOM 3AAEXHO
BiA IHAEKCY MACUTIAA

Pesiome. AkrtyambHicTh. CHHAIPOM HETHUPEOIMHOI IATOJIOTIi
(CHTII) po3BuBa€eTbCsl Ha TJi XPOHIYHOI CYMyTHBOI MAaToOJIOTii B
pe3yJbTarti MopyueHoi rnepudeprudHoOl KOHBEPCil TUPEOiTHUX rop-
MOHIB i XapaKTepU3y€TbCsl HU3bKMM piBHeM TpuitonTuponiny (T,).

Meta JoCTiIKEHHS: BCTAHOBUTU OCOOJMBOCTI MeTaboIi3My
THUPEOITHUX TOPMOHIB Y MAL€HTIB 3 MeTabOJiYHUM CHHIPOMOM
(MCQ).

Marepian i meromu. O6crexeni 64 mauientu 3 MC i 20 3mopoBux
oci6. BusHavascs piBeHb TpeoTportHoro ropmony (TTT), BinmbHO-
ro tupokcuny (BT,) i TpuitonTuponiny (8T,). [lna BuBueHHs HyHK-
LIIOHAJILHOTO CTaHY rinogizapHo-TUPEoiTHOI Oci 00UKCTIOBaIOCS
crispinnowenns BT,/BT, i Tupeoinnuii innexc (T1). [epudepuyany
AKTUBHICTh TMPEOIAHMX TOPMOHIB OLIIHIOBAIM 3a JOMOMOTOIO BU-
3HauYeHHs cyMapHoro TupeoinHoro inaekcy (CTI).

Pe3ynsraTu. Y X0/ HAIOro AOCiIXXEHHSI OiIbII HU3bKi PiBHI BT3
i miguienunit BMict TTI i BT, BUABIEHO B NALLIEHTIB 3 MC nopiB-
HSIHO 3 TpyToio 310poBux oci6 (p < 0,05). BcTaHoBIeHO 3HUXKEHHS
koediuienty BT,/BT, (p < 0,05) NOpiBHAHO 3 IPYNOI KOHTPOJIIO
(p < 0,05). CTI 0yB HUXKYMM y 0OCTeKeHUX XBopux i3 MC, HiX y
rpyIi 3mopoBux oci6 (p < 0,05).

Y pesynbraTi KOpensIiifHOTO aHami3y OyJI0 BCTAHOBIEHO, IO
iHIeKC Macu Tila HETaTUBHO Kopenoe 3 piBHeM BT, (r = —0341,
p < 0,05), cnisBinnowennam BT,/BT, (r = —0458, p < 0,05), TI
(r=-0415,p <0,05) i CTI (r = —0335, p < 0,05) i mo3utuBHO — 3
smicTom BT, (R = 0,405, p <0,05) i TTT (r = 0327, p <0,05).

BucHoBok. OTpuMaHi faHi CBiqyaTh PO PO3BUTOK CUHAPOMY He-
TUPEOITHOI MATOJIOTIT B Pe3yJIbTaTi MopyLIeHo1 nepudepuyHoi KOH-
BepCil TUPEOIAHUX TOPMOHIB Y MalLli€EHTIB 3 METAOOJIYHUM CUHIPO-
MOM, IO TTOTJIMOIIOETHCS i3 3pOCTAHHSIM iHIEKCY MacH Tijia, TOOTO
CTYTIEHS] OXKUPIiHHS.

KiouoBi cioBa: oxXupiHHS, aprepiajgbHa rirepreHsis, MeTadbo-
JIYHUM CUHAPOM, TUPEOITHUI TOMeOoCcTa3, CUHIPOM HETUPEOiTHOT
MaToJIOoTii.
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