Semenova N.V.,
Kolesnikov S.I.,
Vyrupaeva E.V.,
Sholokhov L.F.,
Rychkova L.V.,
Petrova A.G.,
Akhmedzyanova M.R.,
Darenskaya M.A.,
Kolesnikova L.I.

Scientific Centre for Family Health
and Human Reproduction Problems
(Timiryazeva str. 16, Irkutsk 664003,
Russian Federation)

Corresponding author:
Natalya V. Semenova,
e-mail: natkor_84@mail.ru

Received: 04.04.2023
Accepted: 19.04.2023
Published: 05.05.2023

ABSTRACT

Theaim. Toassess the thyroid status and its relationship with tumor necrosis factor
alpha (TNF-alpha) in post-reproductive women in the acute phase of the COVID-19
of moderate course and 12 months after the disease.

Materials and methods. 85 women aged 45 to 69 years were divided into groups:
women without COVID-19, not vaccinated, with no antibodies to COVID-19 (IgG) -
control group (n = 15); women in the acute phase of COVID-19 of a moderate course,
accompanied by pneumonia — main group (n = 57); patients from the main group
who agreed to be examined 12 months after having COVID-19 (n = 14); women
with IgGin blood who deny any symptoms of COVID-19in the last 12 months —asymp-
tomatic COVID-19 (n = 13). Using hormone replacement therapy and the presence
of thyroid disease in history were the exclusion criteria from the study.

Results. 75.4 % of patients with COVID-19 had euthyroidism, 12.3 % had sub-
clinical hyperthyroidism. An increase of free thyroxine (free T4) level in women
with COVID-19 as compared to the control group (p = 0.004) and the group
with asymptomatic COVID-19 (p = 0.054) was found. There was no statistically sig-
nificant difference in the level of thyroid stimulating hormone between the groups.
The level of C-reactive protein in women with COVID-19 was naturally higher
as compared to the control group (p = 0.009) and the group of asymptomatic
patients (p = 0.001). A lower TNF-alpha level was found in the group of patients
without clinical signs of COVID-19 as compared to the control group (p = 0.007)
and the group with COVID-19 (p = 0.00007). The analysis of correlation relationships
revealed a positive correlation between of free T4 and TNF-alpha levels in women
with COVID-19 (r = 0.38; p = 0.004).

Conclusions. The moderate course of COVID-19in the post-reproductive women is
associated with an increase of free T4 level, which positively correlates with TNF-alpha
level. Twelve months after COVID-19, thyroid status in women remains at the level
of the acute phase of the disease.

Key words: COVID-19, long-term consequences, thyroid status, tumor necrosis
factor alpha, post-reproductive period

For citation: Semenova N.V., Kolesnikov S.I., Vyrupaeva E.V,, Sholokhov L.F, Rychkova L.V.,
Petrova A.G., Akhmedzyanova M.R., Darenskaya M.A., Kolesnikova L.I. Thyroid status
and TNF-alpha in post-reproductive women with COVID-19 and 12 months after the dis-
ease. Acta biomedica scientifica. 2023; 8(2): 33-42. doi: 10.29413/ABS.2023-8.2.4

33



CeméHoBa H.B.,
KonecHukos C.W.,
BbipynaeBa E.B.,
LLonoxos J1.0.,
PbiukoBa J1.B.,
MetpoBa A.l',
Axmepn3aHoBa M.P.,
DapeHckaa M.A.,
KonecHukosa J1.1.

®rBHY «HayuHblii LeHTp npobnem
3[0POBbA CEMbY 1 penpoayKLun
yenoBeka» (664003, r. pkyTck,
yn. Tumnpssesa, 16, Poccun)

ABTOp, OTBETCTBEHHbDIN 33 MEPENUCKY:
CeméHoBa HaTtanbsa BukropoBHa,

e-mail: natkor_84@mail.ru

(ratba noctynuna: 04.04.2023
(7atba npuHATa: 19.04.2023
(raTba onybnukoBaHa: 05.05.2023

PE3IOME

Lens uccnedoeanus. OyeHka mupeoudHO20 CMamyca u e2o 83auMoces3s C Phak-
mopom Hekpo3sa onyxosu anbga (OHO-anegha) y xeHWwuH 8 NocmpenpodyKmusHOM
nepuode 8 ocmpyto pasy cpedHemsxénozo medeHus COVID-19 u yepe3 12 mecsayes
nocne 3a60/1e8aHus.

MemoOdel. 85 xeHwuH 8 8o3pacme om 45 0o 69 iem 6bisiu pazoenieHsl HA 2pyn-
nbl: XeHWUHol, He 6oneswue COVID-19, He npugumesle, c omcymcmeauem aHmu-
men k COVID-19 (IgG) — koHmposnb (n = 15); xeHwuHbl 8 ocmpot ¢paze COVID-19
CO CPEOHeMXENbIM medYeHUeM, CONPOBOXOAUUMCA NHe8MOHUell — OCHOBHAsA
2pynna (n=57); nayueHmku u3 ocHosHoU 2pynnel, coznacuguwuecs npolmu obcie-
dosaHue Yepes 12 mecayes nocsie COVID-19 (n = 14); xeHWUHbI C Haiu4uem 8 Kposu
IgG, ompuyatowyue kakue-nubo cumnmomsl COVID-19 3a nocnedHue 12 meca-
yes — beccumnmomHoe meyeHue COVID-19 (n = 13). eHWUHbl, npuHUMarowjue
3amecmumesibHyI0 20pMOHAJIbHYI0 Mepanuto, UMerowjue 8 aHaMmHese 3a60s1e8aHUA
WumosuoHoU xesie3bl, bbl/iu UCK/TIOYEHbI U3 UCC/1E008AHUS.

Pesynemamel. Y 75,4 % nayueHmok ¢ COVID-19 ommeyeH 3ymupeos, 8 12,3 %
csyqaes — cybknuHuYeckul 2unepmupeos. BoisgenieHo noselueHue yposHs c0600-
HO020 mupokcuHa (T4cs.) 8 2pynne xeHuwuH ¢ COVID-19 no cpagHeHuto ¢ KOHMPO-
nem (p = 0,004) u 2pynnoti nepeboneswux COVID-19 6eccumnmomHo (p = 0,054).
He sbisigrieHo cmamucmuyecku 3Ha4uMoU pasHUYbl NO ypOBHIO MUPeomponHo20
20pMOHA Mex0y uccaedyeMbiMu epynnamu. YposeHo C-peakmugHoz20 b6eska
8 2pynne xeHwuH ¢ COVID-19 6bl/1 3aKOHOMEPHO 8bilie NO CPABHEHUI0 C KOHMPO-
nem (p = 0,009) u c epynnoti nepeboneswiux beccumnmomto (p = 0,001). BoisigieH
6osee HU3Kul yposeHb OHO-anbha 8 epynne nepebonesuwiux 6e3 KIUHUYeCKux
nNpu3HAKkos no cpasHeHuto ¢ KoHmposnem (p = 0,007) u ¢ epynnot ¢ COVID-19
(p = 0,00007). lNMpu aHanuse KoppeaayuoHHbIX 83aumMocessell 8biA8/1eHA NOTOXKU-
mesnbHas Koppenayus mexoy yposHem T4ce. u OHO-anvga y xeHwuH ¢ COVID-19
(r=0,38;p =0,004).

3aknioyeHue. CpedHemsxénoe meyeHue COVID-19y xeHUUH 8 nocmpenpooykK-
MuBHOM nepuode dccoyuupoBAHO C NosblueHUeM T4ca., Komopbil NOIOXKUMETbHO
koppenupyem c yposHem OHO-anega. Yepes 12 mecsayes nocie COVID-19 mupeo-
UOHbIU cmamyc y XeHUWUH COXpaHaemcs Ha ypogHe ocmpol ¢haswl 3a60/1e8aHUA.

Knioyesbie cnosa: COVID-19,0moanéHHble noc1edcmaus, mupeouoHsllti cmamyc,
hakmop Hekpo3a onyxosu asabgha, NocmpenpoOyKmusHsil nepuod
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1 yepes 12 mecsiueB nocne 3abonesaHua. Acta biomedica scientifica. 2023; 8(2): 33-42.
doi: 10.29413/ABS.2023-8.2.4

34



OBJECTIVES

The COVID-19 pandemic caused by the SARS-CoV-2 vi-
rus has left its mark in history as a public health emergency
ofinternational concern. Although it is predominantly a res-
piratory disease, evidence suggests that it is characterized
by multi-organ system damage [1, 2]. With increasing age,
the vulnerability to moderate and severe COVID-19 and sub-
sequent complications is known to be higher [3], with men
having a more severe course of the disease [4], but in old
age, sex differences in the course of COVID-19 are leveled
off, which may be associated with a decrease in estrogen
levels in women in the post-reproductive period [5].

Age-related estrogen deficiency in women is consid-
ered to be one of the principal causes of the various organs
disorders development, including Thyroid disease [6-10].
Theincidence of most Thyroid disorders is known to be high
in postmenopausal and elderly women, which may lead
to increased cardiovascular risk, bone fractures, cognitive
impairment, depression and mortality [10].

Some studies have shown that the thyroid gland
may be a target organ for SARS-CoV-2 with the develop-
ment of its dysfunction during and after COVID-19 [11-
13]. Thyroid status evaluation after prolonged time from re-
covery after COVID-19 has been performed in few stud-
ies [14, 15], and there are no studies in the available liter-
ature evaluating thyroid status 12 months after COVID-19.
This may be due to the assumption of a duration of up to 6
months for the Post-COVID-19 syndrome, which is why most
studies are limited to this time frame [16-18]. In addition,
studies do not indicate the effect of age on changes in thy-
roid status in COVID-19, which may play a role in analyz-
ing the findings [19]. Equally, it is of interest to evaluate
the correlations of thyroid hormones with tumor necrosis
factor alpha (TNF-alpha) in COVID-19. This cytokine plays
a significant role in the pathogenesis of thyroid cancer [20],
and in COVID-19 there is a statistically significant increase
inits level,and TNF-alphais considered a risk factor for death
in patients with severe or critical COVID-19 [21].

THE AIM OF THE STUDY

Thyroid status evaluation in post-reproductive wom-
en with COVID-19 of a moderate course during the acute
phase and 12 months after the disease, as well as correla-
tions of thyroid hormones with tumor necrosis factor alpha
in the acute phase of COVID-19.

MATERIALS AND METHODS

A short-term longitudinal case-control study was con-
ducted.

The study included 94 women aged 45 to 69 years. In or-
der to be selected into the main cohort, 64 women hospi-
talized in the Irkutsk Regional Infectious Clinical Hospital
in the period from June 2020 to March 2021 with laborato-
ry-confirmed PCR test for the presence of SARS-CoV-2 virus
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and moderate course of COVID-19 accompanied by pneu-
monia were examined. Upon admission of the patients
to the hospital, questionnaires and analysis of medical re-
cords, general clinical examination, and computed tomog-
raphy were performed. After clinical and anamnestic exami-
nation, 7 women with a history of thyroid disorder (manifest
forms of the disease: autoimmune thyroiditis — 3; thyrotox-
icosis — 1; hypothyroidism - 1; Graves’ disease - 1; nontox-
ic goiter — 1) were excluded. Thus, the main cohort includ-
ed 57 women (mean age 58 * 6.33 years). Fourteen wom-
en who were called for a clinical and anamnestic examina-
tion agreed to be examined after 12 months from those
who had survived COVID-19.

Thirty women who denied any symptoms of COVID-19
and had not been vaccinated in the past 12 months were ex-
amined to form a control group. The presence of COVID-19
IgG antibodies in blood was determined in all women, af-
ter which two groups were formed: without IgG (n = 17)
and with IgG (n = 13). Two women with thyroid dysfunction
were excluded from the group without IgG; thus, 15 wom-
en (mean age, 56 + 6.52 years) formed the control group
for comparison with the main cohort and the group of wom-
en who agreed to be examined 12 months after COVID-19.
13 women with IgG in their blood formed a separate group
with asymptomatic COVID-19 (mean age, 54 + 7.59 years).

The use of hormone replacement therapy (HRT)
was a criterion for not including women in the study.

All study participants were examined by a general
practitioner-cardiologist with calculation of body mass
index (BMI), measurement of blood pressure, body tem-
perature, and electrocardiogram. To exclude the presence
of COVID-19 at the time of the study, an appropriate rap-
id test (RAPID BIO, Russia) was performed.

Venous blood was used for laboratory tests, which
was collected from 8.00 to 9.00 AM on an empty stomach
in accordance with generally accepted requirements. Blood
was centrifuged for 10 min at 1,500 rpm, serum was sepa-
rated and stored at —-40 °C until assayed.

Thyroid status indicators were determined: free thyrox-
ine (free T4), thyroid stimulating hormone (TSH)), IgG, C-re-
active protein (CRP) and TNF-alpha levels. IgG level was de-
termined on Multiscan Go analyzer (Thermo Scientific, Fin-
land) using Vector-Best commercial kits (Russia). The con-
centration of free T4 (pmol/l) and TSH (mmol/l) was de-
termined by enzyme immunoassay on Microplate reader
ELx808 analyzer (USA) using Alkor Bio commerecial kits (Rus-
sia); CRP (pg/ml) and TNF-alpha (pg/ml) — using Vector-Best
commercial kits (Russia).

Informed consent to participate in the study was signed
by each woman. The study protocol was reviewed and ap-
proved by the Biomedical Ethics Committee of Scientific
Centre for Family Health and Human Reproduction Prob-
lems (excerpt from the minutes of the meeting No. 6.1
of June 19, 2020).

Statistical analysis

No pre-calculation of sample size was made. The data
obtained were processed in Statistica 10 program (Stat-
Soft Inc., USA). The proximity to the normal law of dis-
tribution of quantitative signs was evaluated by visu-



al-graphical method, as well as Kolmogorov — Smirnov
(K-S) test (with Lilliefors correction) and Shapiro — Wilk (S-
W) test. Data for age and BMI are presented as arithmetic
mean * standard deviation (m + o); for laboratory parame-
ters, as median and interquartile range (Me [Q1; Q3]). Inter-
group differences forindependent samples were analyzed
using the Kruskal — Wallis test (ANOVA) and the median test
followed by post hoc comparisons using the Mann - Whit-
ney U test. Intragroup differences were analyzed using
the Wilcoxon test. Pearson correlation analysis with deter-
mination of correlation coefficient (r) was used to analyze
the relationships between the indicators. The significance
level was taken as 5 % (0.05).

RESULTS

In the first step, we analyzed the distribution of COV-
ID-19 patients according to specified free T4 and TSH inter-
vals. In most cases, euthyroidism was noted in the patients,
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and subclinical hyperthyroidism was registered in 12.3 %
of cases (Table 1).

TABLE 1

DISTRIBUTION OF PATIENTS WITH COVID-19 DEPENDING
ON THYROID STATUS

Free T4 TSH

Patients with

CoVvID-19

10.0-23.2 pmol/l  0.23-3.4 mmol/I

o © 43 (75.4 %)
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Levels of free thyroxine (a), thyroid-stimulating hormone (b), C-reactive protein (s) and tumor necrosis factor alpha (d) in women of post-re-
productive age in control group (1; n = 15), group with COVID-19 (2; n = 57) and group with asymptomatic course of the disease (3;n =13)



Then we performed an intergroup comparative analysis
of the levels of the hormones studied, the results of which in-
dicate an increased free T4 level in the group of women
with COVID-19(16.7 [14.2; 18.5] pmol/l) compared with con-
trols (14.1 [12.4; 15.2] pmol/l) and the group of COVID-19
asymptomatic survivors (14.3 [12.7; 17.1] pmol/l) (Fig. 1a).
No statistically significant difference in TSH level was found
between the studied groups (Fig. 1b).

Moreover, the level of CRP in the group of wom-
en with COVID-19 (11.7 [6.8; 13.1] pg/ml) was consistent-
ly higher compared with the control (3.4 [2.7; 9.7] pg/ml)
and the group with asymptomatic course of the disease
(2.2[1;6.31 pg/ml) (Fig. 1c).

We found lower TNF-alpha levels in the group of sur-
vivors without clinical signs (0.6 [0.01; 1] pg/ml) com-
pared with controls (2.11 [0.77; 3.08] pg/ml) and the group
with COVID-19 (1.7 [1.1; 2.5] pg/ml) (Fig. 1d). When analyz-
ing correlations, a significant positive correlation between
free T4 and TNF-alpha levels was revealed (Fig. 2).
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In the final phase of the study, we performed a com-
parative analysis of the investigated parameters in wom-
en in the acute phase of COVID-19 and in the same wom-
en 12 months after recovery. We did not find any differenc-
es in both thyroid hormone levels, CRP and TNF-alpha lev-
els (Fig. 3).

DISCUSSION

This study demonstrates for the first time the results
of thyroid status assessment in women of post-reproduc-
tive age in the long-term post-COVID-19 period. Previous
studies of patients with COVID-19 have found a correla-
tion of low free triiodothyronine (free T3), free T4, and TSH
concentrations with COVID-19 severity and mortality [22-
24]. However, the results of M. Chen et al. did not dem-
onstrate any changes in free T4 content with decreased
levels of free T3 and TSH; at the same time, thyroid hor-
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mone levels in patients immediately after recovery cor-
responded to control values [25]. The results obtained
in our study suggest an increase in free T4 in the acute
phase of the disease, which is not consistent with the few
studies presented above. As it is known, the main func-
tion of free T4 is the activation of metabolic process-
es, which is accompanied by an increase in cellular ox-
ygen consumption [26]. This may be related to chang-
es in free-radical homeostasis in the acute phase of COV-
ID-19 [27-31], shown in a number of studies to be asso-
ciated, in particular, with changes in thyroid function.
Moreover, our study revealed a positive correlation be-
tween free T4 and one of the key mediators ofimmune re-
sponse, inflammation and apoptosis - TNF-alpha, the lev-
el of which is increased in autoimmune thyreopathies
[32]. When assessing TNF-alpha levels in hypo- and hyper-
thyroidism, an increase in its level was shown, while a de-
crease in the cytokine level was noted with normaliza-
tion of thyroid function only in patients with hyperthy-
roidism after adequate treatment [33].
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This study did not reveal a higher level of TNF-alpha
in patients in the acute phase of the disease compared
with controls, which may be related to the post-reproduc-
tive age of women in the compared groups, since it is known
about the increased level and important role of this cy-
tokine in aging processes [34]. In addition, the partici-
pants of this study were patients with moderately severe
COVID-19, and significant elevation of TNF-alpha was ob-
served in severe and critical disease [21]. It should be not-
ed that TNF-alpha levels are lower in asymptomatic women
of the same age, even compared to controls, which proba-
bly indicates better functioning of their organs and systems
and a more adapted immune system. The results of an earli-
er study demonstrated higher physical and emotional health
scores in this group [35].

When thyroid status was assessed 12 months after the dis-
ease, the persistence of elevated free T4 levels was found,
as well as control TSH levels in women. There are few studies
on thyroid status in the post-COVID-19 period. Thus, E. Ur-
ban et al. showed that its volume 2-7 months after COVID-19



is smaller than in healthy people, without a significant differ-
ence in the content of thyroid hormones [14], and B. Khoo
et al. found an increase in the level of TSH in COVID-19 sur-
vivors up to control values after 52-108 days from the mo-
ment of hospitalization [15].

In our opinion, the wide age range of the patient
sample in previous studies may be one of the reasons
for their inconsistency with the results of the present
study of thyroid hormone levels in COVID-19. Meanwhile,
there is increasing evidence that the reference range
of TSH increases with age, which may be related to the im-
paired feedback of the pituitary gland to the target organ
in the elderly [19]. The results of the study by N. Milinkovi¢
et al. in which 22,860 age-differentiated serum samples
were analyzed, showed an increase in TSH levels in men
over 70 years of age, while in women no differences be-
tween age groups were found. In addition, sex differenc-
es in free T4 levels have been found in the 31-40 and 41-
50 age groups, with lower values in women [36]. Based
on the above, it seems essential to take into account age
and gender aspects when assessing thyroid status.

Study limitations

Study limitations include the small number of pa-
tients who agreed to be evaluated 12 months after COV-
ID-19 and the small number of women who were assigned
to the control group due to the high prevalence of SARS-
CoV-2.

CONCLUSION

The results of the study indicate long-term changes
in thyroid status in women in the post-reproductive peri-
od who have survived COVID-19 and the need to monitor
it in the long-term post-COVID-19 period in order to timely
diagnose the development of pathologic conditions of the
thyroid gland.
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