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Introduction

Hypertension (HTN) is among the most common 
diseases in the population of developed countries 
and the prevalence of HTN ranges from 33.1% to 
45.4% [1]. In Ukraine the prevalence of hyperten-
sion increases over the years, along with the risk 

factors for cardiovascular diseases (CVD) [2]. The 
National Health and Nutrition Examination Sur-
vey (NHANES) reports that 50% of hypertensive 
patients do not reach the target blood pressure (BP) 
levels despite therapeutic measures in the presence of 
hypertension, that leads to an increase in overall and 
CVD mortality [3]. Increased systolic blood pressure 
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(SBP) is the most important factor in global dis-
ability and overall mortality for both sexes. Between 
2007 and 2017, the number of disability-adjusted 
life-years (DALYs) due to HTN increased by 20% 
[4]. Therefore, it is extremely important to iden-
tify in advance the factors that can lead to increased 
blood pressure and further increase in cardiovascular 
risk (CVR) among young and middle-aged people 
with HTN.

At the same time, the number of diagnosed cases 
of subclinical hypothyroidism (SH) has increased 
due to the new diagnostic methods [5]. It is known 
that HTN and SH have common risk factors for 
CVD, which may increase the severity of hyperten-
sion in patients with this comorbid pathology. Com-
mon CVR factors in such patients include disorders 
of the lipid profile, increased arterial stiffness, elevat-
ed C-reactive protein and diastolic hypertension [6]. 
In a number of studies, serum thyroid-stimulating 
hormone (TSH) levels were positively correlated 
(adjusted by age and gender) with lipid parameters, 
glucose, insulin, BP, and waist circumference (WC) 
[7]. There are many studies examining the effects of 
various exogenous and endogenous factors on elevat-
ed BP in patients with HTN [8, 9], but data on the 
study of factors associated with BP in patients with 
combined HTN and SH have not been found. That 
is why finding factors affecting systolic, diastolic and 
pulse blood pressure by investigating peculiarities of 
anthropometric, clinical and biochemical parameters 
in patients with HTN and SH became the aim of 
our study.

Material and methods

The study included 138 patients (the age 25–59 
years, women 54.3 %) with low/moderate CVR who 
underwent outpatient or inpatient treatment at the 
L.T. Mala Therapy National Institute of the National 
Academy of Medical Sciences of Ukraine (L.T. Mala 
NIT NAMSU) in Ukraine from 2019 to 2020 and 
signed the informed consent to participate in the 
study. The research protocol was approved at a meet-
ing of the Ethics Commission of the L.T. Mala NIT 
NAMSU. All patients were divided into 3 groups 
randomized by age and gender: group 1–30 healthy 
volunteers (hereinafter — controls); group 2–45 eu-
thyroid patients with stage 1–2 grade 1–2 HTN 
and low/moderate CVR (hereinafter — HTN with-
out SH) and with signs of autoimmune thyroiditis 
(AIT); group 3–63 patients with stage 1–2 grade 1–2 
HTN and low/moderate CVR in combination with 
SH and with signs of AIT (hereinafter — HTN with 

SH). The diagnosis of hypertension was made on the 
basis of 2020 International Society of Hypertension 
Global Hypertension Practice Guidelines [10]. All 
patients received standard therapy for HTN. The 
diagnosis of AIT was verified by ultrasound exami-
nation of the thyroid gland, determination of thy-
roperoxidase antibody and thyroid function in all 
patients. The presence of SH in patients was assessed 
according to the 2013 European Thyroid Association 
clinical guidelines for SH [11]. 

Physical examination of patients included mea-
surements of height, body weight, waist circum-
ference (WC) and hip circumference (HC), body 
mass index (BMI) calculation and waist-to-hip ratio 
(WC/HC) calculation. Office BP was measured in 
accordance with 2020 International Society of Hy-
pertension Global Hypertension Practice Guidelines 
[10]. Pulse BP (PBP) was evaluated as the difference 
between SBP and diastolic BP (DBP).

Complete blood test was done in all patients. 
Lipid metabolism was assessed by total cholesterol 
(TC), triglycerides, low density lipoprotein cholester-
ol (LDL-C), very low density lipoprotein cholesterol 
(VLDL-C) and high density lipoprotein cholesterol 
(HDL-C). Carbohydrate metabolism was assessed 
by measuring blood glucose, glycated hemoglobin 
(HbA1c) and insulin levels. Insulin resistance (IR) 
was determined by the HOMA-IR calculation. Liv-
er function was assessed by measuring the levels of 
aspartate aminotransferase (AST), alanine amino-
transferase (ALT) and alkaline phosphatase (AP). 
Renal function was assessed by measuring the levels 
of creatinine, uric acid, total protein, albumin and 
glomerular filtration rate (GFR) calculation. The 
inflammatory activity was evaluated by the levels 
of tumor necrosis factor-a (TNF-a) and C-reactive 
protein (CRP). The state of the prooxidant system 
was evaluated by the levels of total hydroperoxide 
(THP) content, and the state of antioxidant protec-
tion system — by total antioxidant activity (TAA), 
THP to TAA ratio (THP/TAA) calculation, total 
superoxide dismutase activity (T-SOD). Sirtuin 1 
(SIRT1) was also measured as one of the oxidative 
stress (redox stress) indicator.

Statistical analysis
The statistical processing of the obtained data was 
carried out using IBM SPSS version 19.0 software. 
Since most of the variables were not normally dis-
tributed, the results are presented in the form of 
the median (Me) and interquartile ranges — 25 
(Q1) and 75 (Q3) percentiles — Me (Q1; Q3). 
The non-parametric Mann-Whitney U test was used 
to perform the comparison of indicators between 
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groups. The Kruskal-Wallis H test was used to test 
whether there was a significant difference between 
the independent variable group and its dependent 
variable. Significance was set at a p value of < 0.05 
in all cases.

Results

In patients with HTN regardless of the SH pres-
ence there was a higher proportion of lymphocytes 
(p = 0.008 for the group of euthyroid patients with 
hypertension and p < 0.001 for the group with com-
bined HTN and SH compared with the controls), 
higher red blood cell count (p < 0.001; p < 0.001), 
hemoglobin (p < 0.001; p = 0.009), hematocrit 
(p < 0.001; p = 0.005), red cell distribution width 
(RDW) (p < 0.001; p < 0.001) and significantly 
lower platelet count (p = 0.017; p = 0.010) respec-
tively. Patients with HTN and SH also had a signifi-

cantly higher erythrocyte sedimentation rate (ESR) 
compared to controls (p = 0.014), which together 
with an increase in the proportion of lymphocytes 
may indicate an increase in the activity of inflam-
matory processes in this category of patients. Sig-
nificantly lower levels of hemoglobin (p = 0.022) 
and mean corpuscular volume (MCV) (p = 0.002) 
were observed in patients with HTN in case of con-
comitant SH.

Carbohydrate and lipid profile were worse in pa-
tients with HTN and SH (Tab. 1). The exceptions 
were glucose and LDL-C levels, which did not differ 
significantly in patients with HTN depending on the 
SH presence. In contrast to patients with HTN and 
SH, HDL-C levels in euthyroid patients with HTN 
did not differ significantly from controls.

Liver dysfunction was exacerbated in patients with 
HTN and was significantly more pronounced in 
patients with HTN and concomitant SH (Tab. 2). 
There were no significant differences only in AP 

Table 1. Characteristics of lipid and carbohydrate profile in patients within different groups

Indicators Control group
(n = 30)

HTN group
(n = 45)

HTN + SH group
(n = 63)

p1
p2
p3

Glucose [mmol/L] 4.94 [4.79; 5.23] 5.29 [4.97; 5.60] 5.63 [5.07; 5.82]
0.004

< 0.001
> 0.05

HbA1c (%) 5.14 [4.90; 5.23] 5.19 [5.07; 5.58] 5.91 [5.76; 6.17]
0.028

< 0.001
< 0.001

Insulin [μIU/mL] 10.46 [9.45; 11.16] 18.28 [12.51; 25.75] 22.87 [17.43; 30.29]
< 0.001
< 0.001

0.023

HOMA IR 2.34 [2.18; 2.66] 4.02 [2.96; 6.63] 5.85 [4.26; 7.80]
< 0.001

0.000
0.003

TC [mmol/L] 4.54 [4.30; 5.12] 5.55 [4.77; 6.22] 5.90 [5.34; 6.63]
< 0.001

0.000
0.043

TG [mmol/L] 0.87 [0.77; 1.17] 1.16 [0.88; 1.75] 1.51 [1.17; 2.15]
0.009

< 0.001
0.011

VLDL-C [mmol/L] 0.42 [0.32; 0.59] 0.55 [0.40; 0.84] 0.77 [0.55; 0.99]
0.007

< 0.001
0.004

HDL-C [mmol/L] 1.39 [1.19; 1.54] 1.26 [1.09; 1.45] 1.11 [0.94; 1.26]
> 0.05

< 0.001
< 0.001

LDL-C [mmol/L] 2.62 [2.47; 3.08] 3.68 [2.80; 4.38] 4.02 [3.22; 4.54]
< 0.001
< 0.001
> 0.05

p1 — between the controls and the group of euthyroid patients with HTN; p2 — between the controls and HTN + SH group of HTN and SH; p3 — between the groups of HTN  
and HTN + SH; HTN — hypertension; SH — subclinical hypothyroidism; HbA1c — glycated hemoglobin; TC — total cholesterol; TG — triglycerides; VLDL-C — very low density 
lipoprotein cholesterol; HDL-C — high density lipoprotein cholesterol; LDL-C — low density lipoprotein cholesterol
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levels in patients with HTN depending on the pres-
ence of SH. The tendency to deterioration of renal 
function, manifested in an increase in creatinine, uric 
acid levels and a decrease in total protein levels due 
to a serum albumin levels decrease, was observed in 
patients with a combined course of HTN and SH.

The severity of inflammatory processes increased 
in patients with HTN with the addition of SH that 
was shown by increased levels of TNF (p < 0.001) 
and CRP (p < 0.001).

Disorders of redox processes were also more no-
ticeable with the addition of SH in patients with 
HTN (Tab. 3). This imbalance was manifested in 
a decrease in antioxidant enzymes levels (T-SOD) 
and an increase in the severity of oxidative processes, 
markers of which were the increased levels of THP 
and the THP to TAA ratio. SIRT1, in contrast, was 
significantly higher in patients with combined HTN 
and SH compared to euthyroid patients with HTN.

Measurement of anthropometric parameters re-
vealed an increase in BMI as well as a decrease in 
the WC/HC ratio due to a significant increase in 
HC in patients with HTN and SH compared with 
euthyroid patients with HTN. That means that the 
tendency to the obesity development was accom-
panied by an improvement in the WC/HC ratio in 

patients with HTN and SH (Tab. 4). Measurement 
of the office BP revealed an increase in SBP and 
DBP in patients with HTN regardless of the SH 
presence compared with controls. Only patients 
with HTN and SH had an increase in PBP levels 
compared to the control group, that means there 
was a tendency to increase PBP levels in patients 
with concomitant SH.

The search for factors of elevated BP (≥ 130/85 
mm Hg) among the studied indicators in euthyroid 
patients with HTN revealed that BP was affected 
by gender (p = 0.029 for SBP and p = 0.007 for 
DBP), hypertriglyceridemia (p = 0.040 for SBP and 
p = 0.015 for DBP), increase in CRP levels (p = 0.023 
for DBP), renal dysfunction with decreased GFR as 
an indicator (p = 0.023 for DBP), overweight and 
obesity (p = 0.017 for SBP and p = 0.020 for DBP), 
the presence of carbohydrate profile disorders in the 
form of increased insulin levels (p = 0.001 for SBP 
and p = 0.001 for DBP). In addition, markers of liver 
dysfunction (ALT: p = 0.006 for SBP and p = 0.022 
for DBP; AST: p = 0.008 for SBP), redox balance 
(THP/TAA: p = 0.039 for SBP; THP: p = 0.010 for 
DBP), and red blood cells (p = 0.027 for SBP and 
p = 0.003 for DBP) also contributed to elevated lev-
els of SBP and DBP in patients with HTN.

Table 2. Comparative assessment of liver and kidney function in patients within different groups

Indicators Control group
(n = 30)

HTN group
(n = 45)

HTN + SH group
(n = 63)

p1
p2
p3

AST [U/L] 23 [19; 28] 25 [22; 31] 31 [25; 37]
0.041

< 0.001
0.005

ALT [U/L] 23 [19; 25] 29 [24; 36] 38 [30; 47]
< 0.001
< 0.001
< 0.001

AP [U/L] 1222 [1149; 1333] 1431 [1210; 1716] 1525 [1355; 1701]
< 0.001
< 0.001
> 0.05

Uric acid [μmol/L] 255 [229; 301] 275 [220; 322] 287 [266; 315]
> 0.05
0.013

> 0.05

Creatinine [μmol/L] 75 [67; 83] 87 [78; 103] 91 [78; 101]
< 0.001
< 0.001
> 0.05

Total protein [g/L] 74 [71; 78] 77 [73; 79] 74 [71; 76]
> 0.05
> 0.05

< 0.001

Albumin [g/L] 43.5 [41.0; 47.3] 44.4 [41.8; 47.3] 43.2 [41.3; 44.6]
> 0.05
> 0.05
0.027

p1 — between the controls and the group of euthyroid patients with HTN; p2 — between the controls and HTN + SH group of HTN and SH; p3 — between the groups of HTN  
and HTN + SH; HTN — hypertension; SH — subclinical hypothyroidism; AST — aspartate aminotransferase; ALT — alanine aminotransferase; AP — alkaline phosphatase
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There were fewer factors that effected SBP and 
DBP significantly in patients with HTN who had 
concomitant SH. They included age (p = 0.004 for 

SBP and p = 0.002 for DBP), insulin (p = 0.031 for 
SBP and p = 0.026 for DBP), TG (p = 0.008 for 
SBP and p = 0.031 for DBP), LDL-C (p = 0.040 for 

Table 3. Comparative evaluation of markers of redox processes in patients within different groups

Indicators Control group
(n = 30)

HTN group
(n = 45)

HTN + SH group
(n = 63)

p1
p2
p3

T-SOD [U/mL] 54.55 [50.02; 59.87] 48.49 [46.12; 51.49] 46.16 [44.20; 49.44]
< 0.001
< 0.001

0.002

THP [μmol/L] 89.96 [72.98; 113.14] 102.43 [89.07; 145.45] 152.21 [125.90; 167.76]
0.030

< 0.001
< 0.001

TAA [μmol trolox equivalent] 590.23 [570.75; 620.26] 539.35 [419.91; 597.85] 494.14 [415.58; 546.01]
0.005

< 0.001
> 0.05

THP/ТТТ 0.16 [0.12; 0.19] 0.19 [0.16; 0.30] 0.30 [0.24; 0.40]
0.002

< 0.001
< 0.001

SIRT1 [ng/mL] 5.34 [3.75; 6.76] 3.74 [3.59; 4.14] 4.36 [4.07; 4.88]
< 0.001

0.025
< 0.001

p1 — between the controls and the group of euthyroid patients with HTN; p2 — between the controls and HTN + SH group of HTN and SH; p3 — between the groups of HTN  
and HTN + SH; HTN — hypertension; SH — subclinical hypothyroidism; T-SOD — total superoxide dismutase activity; THP — total hydroperoxide; TAA — total antioxidant activity; 
SIRT1 — sirtuin 1

Table 4. Comparative assessment of anthropometric indicators and office blood pressure in patients within different groups

Indicators Control group
(n = 30)

HTN group
(n = 45)

HTN + SH group
(n = 63)

p1
p2
p3

WC [cm] 80.0 [77.6; 87.5] 93.5 [80.4; 99.3] 93.0 [85.9; 100.1]
< 0.001
< 0.001
> 0.05

HC [cm] 98.0 [95.4; 103.3] 101.0 [97.9; 105.0] 105.0 [101.5; 110.8]
0.032

< 0.001
0.002

WC/HC 0.8 [0.8; 0.9] 0.9 [0.9; 1.0] 0.9 [0.8; 0.9]
< 0.001

0.021
0.025

BMI [kg/m2] 23.2 [21.6; 24.4] 27.2 [25.2; 29.4] 28.6 [27.1; 30.3]
< 0.001
< 0.001

0.007

SBP [mm Hg] 116 [114; 120] 130 [120; 137] 130 [120; 139]
< 0.001
< 0.001
> 0.05

DBP [mm Hg] 74 [70; 77] 80 [75; 90] 83 [76; 90]
< 0.001
< 0.001
> 0.05

PBP [mm Hg] 45 [42; 45] 46 [40; 53] 48 [40; 54]
> 0.05
0.021

> 0.05

p1 — between the controls and the group of euthyroid patients with HTN; p2 — between the controls and HTN + SH group of HTN and SH; p3 — between the groups of HTN  
and HTN + SH; HTN — hypertension; SH — subclinical hypothyroidism; WC — waist circumference; HC — hip circumference; BMI — body mass index; SBP — systolic blood pressure; 
DBP — diastolic blood pressure; PBP— pulse BP 
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SBP), TAA (p = 0.046 for DBP) and WC (p = 0.007 
for DBP). On the contrary, only the level of AST 
(p = 0.003) significantly affected the increase in PBP 
(> 40 mm Hg) in euthyroid patients with HTN, 
while in patients with combined HTN and SH 
the influence of gender (p = 0.030), hemoglobin 
(p = 0.034) and AP (p = 0.007) were detected.

Discussion

According to the available literature, thyroid disor-
ders are often associated with the development of 
anemia [12]. In our study there was a tendency to 
increase the risk of anemia in patients with the emer-
gence of SH, which is manifested in a decrease in 
MCV and hemoglobin. Similar results were shown 
in the meta-analysis made by Wopereis et al. (2018, 
n = 25,466) [13].

Metabolic disorders caused by the presence of 
SH in our patients were accompanied by the simi-
lar disorders common among patients with HTN, 
which led to an even worse metabolic profile in pa-
tients with combined pathology. Other authors also 
showed that lipid and carbohydrate profile disorders 
were more pronounced even in patients with high 
normal thyroid function (TSH > 2.93 mIU/L, that 
is > 90th percentile) and moderate SH (TSH < 9.9 
IU/mL) [14, 15].

Adverse effects of existing SH on liver and kidney 
function were observed in patients with combined 
HTN and SH in current study. The following results 
are consistent with the data from other research-
ers, namely that subclinical thyroid dysfunction is 
dose-dependently associated with the development 
of NAFLD [16] and high, even within normal, levels 
of TSH are independent predictors of NASH [17], 
uric acid metabolism in patients with SH is associ-
ated with thyroid function and HOMA-IR, which 
is often elevated in these patients [18], serum creati-
nine levels in SH patients are associated with changes 
in TSH [19], and SH is a significant independent 
predictor of microalbuminuria [20].

Low-grade inflammation and dysfunction of ox-
idative and antioxidant processes, which underlie 
the development of many chronic non-communi-
cable diseases and are common in patients with SH 
[21–24], were found in patients with a combined 
course of hypertension and SH in our study. Inter-
estingly, SIRT1, which plays a protective role in the 
development of oxidative stress [25], was elevated in 
patients with HTN and SH. The probable cause of 
increased SIRT1 levels accompanied by the deterio-
ration of oxidative stress markers may be the associa-

tion between the synthesis of TSH and SIRT1 [26]. 
That is why SIRT1 may have protective role in this 
category of patients.

Contradictory data on changes in anthropometric 
parameters were obtained in our study in people with 
SH compared with euthyroid patients with HTN. 
Higher values of BMI, which is a CVR factor, to-
gether with lower waist to hip ratio due to HC, 
which indicates an improvement in the cardiopro-
tective effect, were seen in patients with concomi-
tant SH. The results of other researchers generally 
indicate a deterioration of anthropometric data in 
patients with SH, namely an increased risk of being 
overweight and central obesity [15, 27, 28].

We found that BP in euthyroid patients with 
HTN was affected by indicators that are common 
risk factors for CVD [9, 29, 30]. Similar data were 
obtained in the Hordaland Health Study [8]. If the 
association with these CVD risk factors on blood 
pressure is clear, the role of ALT and AST is still 
unclear, despite the prevalence of such disorders in 
patients with HTN [31], it is probably associated 
with metabolism of drugs for HTN in these pa-
tients. Oxidative stress processes are among the main 
mechanisms of HTN development [21], so it is not 
surprising that the increase in markers of oxidative 
processes affects BP level in patients with HTN. Red 
blood cell dysfunction is also closely associated with 
HTN, stroke and other cardiovascular diseases [32], 
which can explain the influence of elevated red blood 
cell levels on SBP and DBP in patients with HTN.

In contrast to euthyroid patients with HTN, in 
the group of our patients with combined course 
of hypertension and SH the number of factors as-
sociated with SBP and DBP was significantly lower. 
A possible cause of such changes may be the existence 
of the typical disorders in SH, which leads to an in-
crease in the impact of certain factors on BP and, as 
a consequence, reduce the impact of other indicators. 
It can be assumed that the reasons for the increase in 
the influence of certain markers in patients with SH 
are probably:
• high prevalence and severity of hyperinsulinemia 

in patients with SH [14];
• increase in prevalence and severity of existing 

lipid disorders, especially hypertriglyceridemia, 
with the addition of SH [15, 33];

• increase in obesity prevalence and grade in SH, 
which is associated with changes in WC and HC 
[28];

• violation oxidative state processes in SH [22].
Despite the effect of hyperinsulinemia on SBP 

and DBP and significantly higher HOMA-IR in pa-
tients with SH compared to euthyroid patients with 
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HTN, the increase in insulin levels in this category 
of patients (with HTN and SH) did not result in 
insulin resistance that could affect the emergence of 
increased BP. Probable cause of this may the lack of 
pronounced violations as a result of early-stage hy-
pertension and mild SH (TSH up to 10 μIU/mL). 
Thus, the effect of HOMA-IR on SBP and DBP was 
not observed.

It is also noteworthy that THP was not affecting 
BP in SH patients and, on the contrary, the level of 
TAA as an additional marker of oxidative state associ-
ate with elevated DBP despite a significant increase 
in THP in patients with HTN and SH compared 
with euthyroid patients with HTN.

The level of PBP in patients with SH was associate 
with more factors than in euthyroid patients with 
HTN, namely by gender, hemoglobin, AP levels, 
which does not contradict the results of other re-
searchers: PBP levels are indirectly associated with 
AP via arterial stiffness [34, 35] and independently 
associated with anemia [36] and worse metabolic 
profile in women [37]. Moreover, patients with 
a combined course of HTN and SH tend to have 
anemia and liver abnormalities, which makes the ef-
fect of hemoglobin and AP levels more noticeable in 
this category of patients. In addition, gender in pa-
tients with SH is associated with a number of factors 
that may affect blood pressure, that are a high risk of 
developing NAFLD in men [38], worse noninvasive 
visceral fat indices in women [39], higher incidence 
of metabolic syndrome and its components [40].

Conclusions

In our study factors associated with blood pressure 
and their overall number differed among patients 
with subclinical hypothyroidism and arterial hyper-
tension compared with euthyroid patients with arte-
rial hypertension. Such results may be due to changes 
in anthropometric parameters, metabolic profile and 
oxidative status in patients with concomitant sub-
clinical hypothyroidism.
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