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Background: Subclinical hypothyroidism (SCH) is the most common thyroid dysfunction, and its relationship with blood pressure
(BP) has been controversial. The aim of the study was to analyze the association between SCH and newly-diagnosed hypertension.
Methods: Based on data from the Thyroid disease, lodine nutrition and Diabetes Epidemiology (TIDE) study, 49,433 euthyroid in-
dividuals and 7,719 SCH patients aged = 18 years were enrolled. Patients with a history of hypertension or thyroid disease were ex-
cluded. SCH was determined by manufacturer reference range. Overall hypertension and stage 1 and 2 hypertension were diagnosed
according to the guidelines issued by the American College of Cardiology/American Heart Association in 2017.

Results: The prevalence of overall hypertension (48.7%), including stage 1 (28.9%) and 2 (19.8%) hypertension, increased signifi-
cantly in SCH patients compared with euthyroid subjects. With elevated serum thyroid stimulating hormone (TSH) level, the hyper-
tension prevalence also increased significantly from the euthyroid to different SCH subgroups, which was more profound in females
or subjects aged <65 years. The age- and sex-specific regression analysis further demonstrated the same trends in the general popu-
lation and in the 1:1 propensity matched population. Similarly, several BP components (i.e., systolic, diastolic, and mean arterial BP)
were positively associated with TSH elevation, and regression analysis also confirmed that all BP components were closely related
with SCH in female subjects aged <65 years.

Conclusion: The prevalence of hypertension increases for patients with SCH. SCH tends to be associated with hypertension and BP
components in females younger than 65 years.

Keywords: Hypothyroidism; Blood pressure; Hypertension

INTRODUCTION

Currently, approximately 1 billion people worldwide suffer
from hypertension, which is the main cause of premature death,
atrial fibrillation, heart failure, chronic kidney disease, peripher-
al artery disease, and even reduced cognitive ability [1]. Re-
search has shown that hypertension is one of the leading causes
of death [2,3], regardless of elevated systolic blood pressure
(SBP) or diastolic blood pressure (DBP) or whether ambulatory
or clinic blood pressure (BP) is measured [4]. According to the
diagnostic criteria of the 2017 American College of Cardiology
(ACC)/American Heart Association (AHA) guidelines, the
prevalence of hypertension reached 23.2% in recent years,
which equals over 200 million hypertension patients in main-
land China [5]. However, only 40% of the patients were aware
of their elevated BP, only 40% of whom were further treated [5];
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therefore, screening is necessary to treat patients with unknown
hypertension.

Primary hypertension is the main cause of hypertension.
Overt hyperthyroidism and hypothyroidism also induce hyper-
tension [6]. Subclinical hypothyroidism (SCH) is defined as el-
evated serum thyroid stimulating hormone (TSH) levels, with
serum thyroid hormone levels remaining normal; this is one of
the most common public health burdens in the thyroid field in
mainland China, with a prevalence from 1.0% to 12.93% world-
wide [7,8]. Whether SCH can induce hypertension remains un-
der debate.

Furthermore, despite a few positive associations between
SCH and BP parameters in several cross-sectional studies
[9,10], several studies have failed to verify such an association.
In an Australian cross-sectional study covering 2,033 subjects,
no differences were found in hypertension prevalence or BP
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components between euthyroid and SCH groups [11]. In anoth-
er small-scale cross-sectional survey, Luboshitzky et al. [12]
found that mean DBP was significantly higher in patients with
SCH, while mean SBP was not statistically different between
euthyroid and SCH groups. Furthermore, Takashima et al. [13]
found that BP components were not significantly higher in the
SCH group, compared with the control group.

In this large cross-sectional study, we analyzed the associa-
tion between hypertension and SCH in 57,152 adult subjects
without a personal history of hypertension or thyroid disease,
and we sought to provide more information in different age and
Sex groups.

METHODS

Sample collection

All data analyzed in this study were derived from the Thyroid
disease, lodine nutrition and Diabetes Epidemiology (TIDE)
Study [8,14]. Briefly, the TIDE survey was performed using a
cluster stratified random sampling method among 80,937 sub-
jects in 31 provinces/cities in mainland China. Samples were
selected according to age, sex, and the ratio of urban/rural resi-
dents in each region based on the 2010 national census. Demo-

‘ 80,937 Subjects participated in this survey ‘

graphic information, personal history of thyroid disease, hyper-
tension, and diabetes, use of iodine-containing drugs, smoking
status, education level, daily salt intake and other demographic
information were covered in the questionnaire. The TIDE Study
was approved by the Medical Ethics Committee of China Medi-
cal University (Approval No. 2014-103-2). All participants
were willing to sign informed consent forms after a detailed ex-
planation of the study protocol.

Inclusion and exclusion criteria

In inclusion criteria, the entire initial data in the present study
were equal to the data of the TIDE survey [8,14]. Briefly, adults
aged 18 years or older, having lived in the area for over 5 years,
having not administered contrast agents or iodine drugs within 3
months, and non-pregnant individuals were enrolled.

In exclusion criteria, individuals with missing or invalid data,
individuals with malignancy or chronic wasting disease, indi-
viduals with a personal history of thyroid disease or hyperten-
sion, individuals currently taking drugs that might affect thyroid
function, and individuals with hyperthyroidism or overt hypo-
thyroidism were excluded. Finally, 57,152 subjects were en-
rolled, and the screening procedure is presented in Fig. 1.

| Subjects with incomplete information on thyroid function (n=2,300),
" BP (n=300), sex or age (n=167) or other essential relevant information (n=3,275)

\
‘ 74,895 Subjects enrolled in the subsequent survey ‘

4% Subjects with invalid data (n=284) ‘

y

‘ 74,611 Subjects enrolled in the subsequent survey ‘

4% Subjects with chronic wasting disease or malignant tumor (7= 120) ‘

\
‘ 74,491 Subjects enrolled in the subsequent survey ‘

Subjects taking drugs affecting thyroid function (n=653)

| Subjects with a personal history of thyroid disease (n=5,025)

"| Subjects with OHypo (n=553) or TSH level <0.27 mU/L (n=528)
Subjects with atypical thyroid function (n=105)

\
‘ 67,627 Subjects enrolled in the subsequent survey ‘

4% Subjects with a personal history of hypertension (n=10,475)

\
‘ 57,152 Subjects enrolled in the final analysis ‘

Fig. 1. Screening process of the participants. BP, blood pressure; OHypo, overt hypothyroidism; TSH, thyroid stimulating hormone.
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Blood pressure measurement

Blood pressure (SBP and DBP) was measured twice on the non-
dominant arm by electronic BP measurement (Omron HEM-
7430, Omron Corporation, Kyoto, Japan) with a proper cuff size.
All individuals were asked to empty their bladder and rest for at
least 5 minutes before the BP measurement, and conversation
was not allowed during the measurement. The mean value of two
sequential measurements (separated by 10 minutes) was consid-
ered as the final BP value. The calculating formulas of pulse pres-
sure (PP) and mean arterial pressure (MAP) are listed in Table 1.

Thyroid function measurement

Fasting blood samples were taken from each individual. After
centrifugation, the serum was stored at —20°C and sent through
a cold chain logistics system to the central laboratory in
Shenyang for unified testing. Serum TSH was detected by a Co-
bas 601 Analyzer (Roche Diagnostics, Rotkreuz, Switzerland).
Free thyroxine (FT4) was measured as TSH above the upper
limit of the reference range (ULRR).

Diagnostic criteria
The components and categories of BP in this study refer to the
guidelines jointly issued by the AHA and ACC in 2017 [15],
which are presented in Table 1. According to the instructions
provided by the kit, the reference ranges for TSH and FT4 were
0.27 to 4.2 mU/L and 12.0 to 22.0 pmol/L, respectively.
Considering the authoritative recommendations in previous
studies [16-19], we set the upper limit of serum TSH level at
19.99 mU/L for diagnosing SCH. Hyperthyroidism was diag-
nosed if TSH was below the lower limit of the reference range
(LLRR). Overt hypothyroidism was diagnosed if TSH exceeded
the ULRR and FT4 was lower than LLRR, or if TSH exceeded

Table 1. Definition of Hypertension and Components of BP in
Adults

Definition

SBP =130 mm Hg or DBP =80 mm Hg

Hypertension

Stage 1 SBP 130-139 mm Hg or DBP 80-89 mm Hg
Stage 2 SBP =140 mm Hg or DBP =90 mm Hg
BP components
PP SBP minus DBP
MAP DBP plus one-third pulse pressure

Individuals with SBP and DBP in two categories were grouped into the
higher category.

BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood
pressure; PP, pulse pressure; MAP, mean arterial pressure.

Copyright © 2021 Korean Endocrine Society

19.99 mU/L and the FT4 level remained normal. SCH was de-
fined as a TSH level over the ULRR and less than 20 mU/L
with a normal FT4 level.

The diagnostic criteria for diabetes were consistent with a re-
cently published survey [14]. Diabetes was defined as the sum-
up of self-reported and newly-diagnosed diabetes. The self-re-
ported diagnosis was determined by the questionnaire survey.
Among the subjects without self-reported diabetes, newly-diag-
nosed diabetes was determined by the biochemical assessment.
If a subject met one of the following items, newly-diagnosed di-
abetes would be determined: fasting plasma glucose =126 mg/
dL (7.0 mmol/L), or 2-hour plasma glucose =200 mg/dL (11.1
mmol/L) (by the means of 75 g-oral glucose tolerance test), or
glycosylated hemoglobin =6.5%. Regarding the specific detec-
tion methods of the above indicators, our previously published
articles can be referred to [14].

Statistical analysis

The above data were input into SPSS version 25 (IBM Co., Ar-
monk, NY, USA). All P values obtained were based on two-
tailed tests, with significance levels set at 0.05 or 0.01. In the
descriptive analysis, continuous variables were described as the
means and standard deviations, and dichotomous variables were
described as the numbers and corresponding percentages. Sin-
gle-sample ¢ test and chi-square test were respectively used to
compare differences in continuous and dichotomous variables,
both between the two groups with different BP levels as well as
between the groups with different levels of thyroid function.
Multivariate logistic regression and multivariate linear regres-
sion were used to analyze the influence of different variables on
the prevalence and components of BP, respectively.

Given the heterogeneity of baseline characteristics between
non-hypertensive and hypertensive individuals in the prelimi-
nary analysis, propensity score matching (PSM) was applied to
minimize the impact of several risk factors for hypertension.
According to the baseline comparison, residence, education lev-
el, smoking frequency, daily salt intake, diabetes, body mass in-
dex (BMI), and waist circumference were defined as the predic-
tive variables in the 1:1 PSM. Individual patient propensity
scores were calculated using logistic regression analysis. The
tolerance threshold of matching was set at 0.01.

RESULTS

General characteristics of the participants
The 57,152 participants included 28,658 males and 28,494 fe-
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Table 2. Baseline Characteristics of the Participants
Hon- Hypertension
Characteristic hypertension YPETEnsIon - p 4 alue
group
group
Number 31,099 (54.4) 26,053 (45.6) -
Age, yr 37.3+£13.7 446152 <0.01
Female sex 18,180 (58.5) 10,314 (39.6) <0.01
Residence (urban) 17,267 (55.5) 12,675(48.7) <0.01
Education level: high school 19,461 (62.6) 13,150 (50.5) <0.01
and above
Never smoke 23,919 (76.9) 17,760 (68.2) <0.01
Mild salt intake (<5 g/day) 6,529 (21.0)  5,170(19.8) <0.01
Diabetes 1,911 (6.1) 3,422 (13.1) <0.01
BMI, kg/m? 227434 247+3.7 <0.01
Waist, cm 79.1£10.5 85.5+£10.5 <0.01
Heart rate, /min 78.8£10.9 80.9+11.8 <0.01
SBP, mm Hg 112.2+9.8 133.8+14.6  <0.01
DBP, mm Hg 69.4£6.5 84.6+9.5 <0.01
TSH, mU/L 27%£1.6 28+1.8 <0.01
Values are expressed as number (%) or mean =+ standard deviation.
BMLI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; TSH, thyroid stimulating hormone.

males, with an average age of 40.6+14.8 (age range, 18 to 97).
All the participants were separated into the following two
groups: individuals with SBP =130 mm Hg or DBP =80 mm
Hg (hypertension group, n=26,053) and individuals with SBP
<130 mm Hg and DBP <80 mm Hg (non-hypertension group,
n=31,099). As shown in Table 2, there were significant differ-
ences in age, sex, residence, education level, smoking frequen-
cy, daily salt intake, waist circumference, diabetes prevalence,
BMI, heart rate, and serum TSH concentration between the two
groups (P<0.01). The mean TSH level of the hypertension
group was higher than the non-hypertension group.

The participants were further divided into euthyroid (n=
49,433) and SCH (n="7,719) groups according to the above-
mentioned diagnostic criteria. As Table 3 shows, with the ex-
ception of daily salt intake, diabetes prevalence and waist, all
demographic and anthropometric indicators showed statistical
significance between the two groups (P<0.01). Furthermore,
SBP, DBP, PP, MAP values, overall and both stages of hyperten-
sion prevalence were all significantly higher in the SCH group
than in the euthyroid group (P<0.05).

Hypertension prevalence in subgroups of SCH
On the basis of definitions in several clinical guidelines and ex-
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Table 3. Characteristics and Blood Pressure Parameters of Indi-
viduals with Euthyroid Function or SCH

Characteristic Euthyroid SeH P value
group group
Number 49,433 (86.5) 7,719 (13.5) -
TSH, mU/L 22+0.9 6.0£2.1 <0.01
Age, yr 40.2+14.6 432+15.6 <0.01
Female sex 23,865 (48.3) 4,629 (60.0) <0.01
Residence (urban) 26,045 (52.7)  3,897(50.5) <0.01
Education level: high school 28,591 (57.8) 4,020 (52.1) <0.01
and above

Never smoke 35,376 (71.6) 6,303 (81.7) <0.01
Mild salt intake (<5 g/day) 10,068 (20.4) 1,631 (21.1)  0.12
Diabetes 4,603 (9.3) 730 (9.5) 0.68
BMI, kg/m* 23.6+3.6 23.8+3.7 <0.01
Waist, cm 82.0£10.8 81.9+£10.7 0.20
SBP, mm Hg 121.9+16.2  123.0£16.7 <0.01
DBP, mm Hg 76.3£11.0 77.0£11.0 <0.01
PP, mm Hg 45.6+12.5 46.0£13.2 0.02
MAP, mm Hg 91.5+11.5 923+11.6 <0.01
HTN 22,299 (45.1) 3,754 (48.7) <0.01
S1-HTN 13,589 (27.5)  2,228(28.9)  0.01
S2-HTN 8,710(17.6) 1,526 (19.8) <0.01

Values are expressed as number (%) or mean = standard deviation.

SCH, subclinical hypothyroidism; TSH, thyroid stimulating hormone;
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; PP, pulse pressure; MAP, mean arterial pressure; HTN,
hypertension; SI-HTN, stage 1 hypertension; S2-HTN, stage 2 hyper-
tension.

pert consensus in recent years [16,20,21], we divided the SCH
group into SCH1 (TSH 4.21 to 6.99 mU/L), SCH2 (TSH 7.00 to
9.99 mU/L), and SCH3 subgroups (TSH 10.00 to 19.99 mU/L).
Overall hypertension and stage 1 and stage 2 hypertension prev-
alences were calculated in the three subgroups and euthyroid
group.

As shown in Fig. 2, the prevalence of overall and stage 2 hy-
pertension remarkably increased with elevated serum TSH, sub-
sequently from the euthyroid group to the SCH1, SCH2, and
SCH3 subgroups (P for trend <0.001). Compared with the prev-
alence in the euthyroid group, overall and both stages of hyper-
tension prevalence were significantly higher in the SCHI1 sub-
group; furthermore, overall and stage 2 prevalence of hyperten-
sion was also significantly higher in the SCH2 and SCH3 sub-
groups, respectively.

Copyright © 2021 Korean Endocrine Society
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S1-HTN % S2-HTN %
Euthyroid group 27.5% 45.1%
0.27< TSH =4.20 N
1=49.433 P for trend
for SI-HTN=0.047
SCH 1 29.0%" 47.9%"
421<TSH <6.99
n=6.178 P for trend
for S2-HTN <0.001
SCH2 28.2% 50.7%"
7.00=< TSH <9.99
B P for trend
n=1,140 i
for HTN <0.001
SCH3 27.9% 53.3%" \
10.00< TSH <19.99
n=401 | | J
0 20 40 60

Hypertension prevalence (%)

Fig. 2. Hypertension (HTN) prevalence in euthyroid subjects and patients with different grades of subclinical hypothyroidism (SCH). Per-
centages in the left and right columns represent the prevalence of stage 1 hypertension (S1-HTN) and stage 2 hypertension (S2-HTN), re-
spectively, and the percentages at the right side of the bar graph represent the overall prevalence of HTN. TSH, thyroid stimulating hormone.
2P<0.05 compared with the euthyroid group; "P<0.01 compared with the euthyroid group.

Age and sex stratified prevalence of hypertension in
different SCH subgroups

Several previous studies have found that SCH patients over 65
are less susceptible to adverse cardiovascular events than young-
er patients [17,22-24], and levothyroxine treatment does not help
SCH patients over 65 years old [25]. Therefore, we divided the
57,152 subjects into two groups with a cutoff age of 65.

As shown in Fig. 3, the age- and sex-specific prevalence of
overall, stage | and 2 hypertension was calculated in the euthy-
roid group and each SCH subgroup. For individuals aged less
than 65 years old, overall and both stages of hypertension prev-
alence showed an increasing tendency with increased TSH both
in males and females (P for trend <0.05). However, we did not
find a similar trend in subjects aged =65 years from the euthy-
roid to SCH3 subgroups.

Stratified regression analysis between SCH and
hypertension prevalence

As shown in Table 4, the results of the regression analysis are
displayed among subjects of different ages and sexes. The re-
sults showed a much stronger relationship among subjects aged
less than 65, namely, SCH was positively associated with the
prevalence of overall and stage 1 hypertension. Furthermore,
after adjusting for confounding factors of hypertension, SCH
showed positive associations with all hypertension prevalences
among female subjects aged less than 65.

Copyright © 2021 Korean Endocrine Society

However, hypertension prevalence was not significantly re-
lated with SCH in male subjects aged =65. SCH was only posi-
tively associated with stage 1 hypertension in female subjects
aged =65 (P<0.01).

Association between elevated TSH and BP components

In the subsequent regression analysis, two models were used:
model 1 analyzed the association between TSH level and BP
components without adjusting for confounding factors, and
model 2 included age, sex, education level, residence, smoking
frequency, daily salt intake, diabetes, and BMI as adjusted fac-
tors.

Table 5 shows the variation of all BP components with each
unit (mU/L) elevation of serum TSH within the range 0.27 to
19.99 mU/L. The levels of SBP, DBP, and MAP significantly
increased with per unit increase in TSH among all subjects
(P<0.01). However, PP showed no relationship with serum
TSH level. The results were reasonably similar in both model 1
and model 2.

Stratified regression analysis between SCH and BP
components

As shown in Table 4, the results of the regression analysis are
displayed among subjects of different ages and sexes. SCH was
positively associated with the value of DBP and MAP among
male subjects aged less than 65 after adjusting for several con-
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SI-HTN* M S2-HTN* BHTN’

80

60

i

Euthyroid SCH 1 SCH 2
n=23,732 n=2,204 n=376

Subjects aged <65 yr
Prevalence (%)
N
(=)
T

SCH 3
n=126

SI-HTN HES2-HTN MEHTIN

80

40

Al

20
Euthyroid SCH 1 SCH2
n=1,836 n=275 n=69

Subjects aged =65 yr
Prevalence (%)

SCH 3
n=40

0.27<TSH <420 421<TSH <6.99 7.00< TSH <9.99 10.00< TSH <19.99

. E n M Wang X, et al.

Female
S1-HTN® B S2-HTN® MHTN®
Euthyroid SCH 1 SCH2 SCH 3
n=22,303 n=3,395 n=614 n=201
SI-HTN* HES2-HTN EHTN
Euthyroid SCH 1 SCH 2 SCH 3
n=1,562 n=304 n=81 n=34

0.27<TSH =420 421<TSH <6.99 7.00< TSH <9.99 10.00< TSH <19.99

Fig. 3. Hypertension (HTN) prevalence stratified by age and sex in euthyroid subjects and patients with different grades of subclinical hypo-
thyroidism (SCH). SI-HTN, stage 1 hypertension; S2-HTN, stage 2 hypertension; TSH, thyroid stimulating hormone. P for trend <0.05;

°P for trend <0.01.

founding factors in model 2. However, after adjusting for con-
founding factors, SCH showed positive associations with all
listed BP components in female subjects aged less than 65.
None of the BP components was significantly related with SCH
in male subjects aged =65. SCH was only positively associated
with the DBP level among female subjects aged =65.

Additional analysis in the propensity matched population

Although the above results suggest that the association between
SCH and BP is more significant in females younger than 65
years old, we need to consider the impact of baseline heteroge-
neity on the results. As shown in Table 2, all variables listed in
the table show statistical differences. Although we adjusted the
confounding factors related to hypertension in the subsequent
regression analysis, 1:1 PSM was required to further minimize
the influence of factors such as residence, education level, and
smoking frequency, etc. As shown in Supplemental Table S1,
20,714 subjects were respectively included in the non-hyperten-
sion group and the hypertension group after 1:1 PSM. The base-
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line heterogeneity between the two groups was obviously re-
duced with PSM, and most of the risk factors for hypertension
no longer showed statistical differences. However, the preva-
lence of diabetes, BMI, and waist circumference still showed
significant statistical differences (P<0.05) (Supplemental Table
S1).

Similarly, we performed an age and sex-specific regression
analysis among the matched subjects (Supplemental Table S2).
Given that the diabetes prevalence and BMI still showed signifi-
cance between the hypertensive and non-hypertensive subjects
after matching, diabetes and BMI were hereby considered as
adjusted variables. The results of the regression analysis in
matching population were similar to those in the general popu-
lation. The results of younger groups were generally more sig-
nificant, and the associations in females were generally more
significant than in males. After adjusting for multiple variables,
SCH could be regarded as an independent risk factor for hyper-
tension in both males and females younger than 65 (P<0.01),
especially the association with stage 2 hypertension (P<0.01).

Copyright © 2021 Korean Endocrine Society
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Table 4. Stratified Relationships between SCH and Blood Pressure Parameters in Subjects Grouped by Age and Sex
Number HTN S1-HTN S2-HTN SBP DBP PP MAP
Male subjects aged <65 yr
Euthyroid 23,732 Reference Reference Reference Reference Reference Reference Reference
SCH Model 1 2,706 1.185 1.108 1.119 0.74+030° 0.86+0.23" -0.12+0.24  0.82+0.23"
(1.093-1.284)" (1.019-1.204)* (1.017-1.231)°
SCH Model 2 2,706 1.138 1.090 1.063 0274029  0.64+£0.22* -0.37+£024 0.52+022°
(1.046-1.237)* (1.002-1.186)° (0.963-1.174)
Female subjects aged <65 yr
Euthyroid 22,303 Reference Reference Reference Reference Reference Reference Reference
SCH Model 1 4,210 1.307 1.159 1.381 233+0.26* 1.42+0.17* 0.91£020° 1.73+0.18"
(1.221-1.399)* (1.074-1.252)* (1.254-1.521)
SCH Model 2 4,210 1.213 1.103 1.261 1444024  1.02+0.16° 042+0.19° 1.16+0.17°
(1.130-1.303)* (1.021-1.192)" (1.140-1.394)
Male subjects aged =65 yr
Euthyroid 1,836 Reference Reference Reference Reference Reference Reference Reference
SCH Model 1 384 0.842 0.944 0.903 —0.89£1.07 0.39+£0.68 -1.284£0.91 -0.0410.71
(0.665-1.067)  (0.740-1.205) (0.721-1.130)
SCH Model 2 384 0.787 0.941 0.859 -1.43£1.06 0.16+0.67* -1.59£091 -0.374£0.70
(0.618-1.003)  (0.735-1.203)  (0.683-1.079)
Female subjects aged =65 yr
Euthyroid 1,562 Reference Reference Reference Reference Reference Reference Reference
SCH Model 1 419 1.254 1.382 0.933 -0.16£1.06  1.55+£0.66° -1.71+£0.93  0.98+0.69
(0.991-1.586) (1.092-1.750)* (0.749-1.163)
SCH Model 2 419 1.270 1.394 0.931 —-0.09+£1.05 1.55+0.65° -1.65+0.93 1.01+£0.67
(0.999-1.615) (1.100-1.766)" (0.743-1.165)
Values are expressed as odds ratio (95% confidence interval) or linear regression coefficient+standard deviation. Model 1: crude; Model 2: adjusted for
education level, residence, smoking frequency, daily salt intake, body mass index, and diabetes.
SCH, subclinical hypothyroidism; HTN, hypertension; S1-HTN, stage 1 hypertension; S2-HTN, stage 2 hypertension; SBP, systolic blood pressure;
DBP, diastolic blood pressure; PP, pulse pressure; MAP, mean arterial pressure.
*P<0.01;°P<0.05.

Table 5. Mean Increase in Blood Pressure Components with per
mU/L Increase in Thyroid Stimulating Hormone (0.27-19.99
mU/L)

SBP, mm Hg DBP, mm Hg PP,mm Hg MAP, mm Hg
Model 1 0.19+0.40* 0.17+0.03*  0.02+0.03  0.18+0.03"
Model 2 0.15+0.04* 0.20+0.03* —0.05%£0.03  0.18+0.03"

Values are expressed as meantstandard deviation. Model 1: crude;
Model 2: adjusted for sex, age, education level, residence, smoking fre-
quency, daily salt intake, body mass index, and diabetes.

SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse
pressure; MAP, mean arterial pressure.

*P<0.01.

However, among subjects aged =65, SCH was merely signifi-
cantly associated with stage 1 hypertension in females, rather
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than males. The correlation of BP components had a similar
trend. In females <65, SCH was an independent risk factor for
all listed BP components (i.e., SBP, DBP, PP, MAP) (P<0.05).
However, among elderly male subjects, there was no significant
correlation between SCH and any BP indicators listed in Sup-
plemental Table S2.

DISCUSSION

In this cross-sectional study, we found that the mean TSH level
of hypertensive individuals was higher than that of the non-hy-
pertension group. When compared with euthyroid controls, hy-
pertension prevalence and BP components (SBP, DBP, PP,
MAP) were all significantly higher in the SCH group. The prev-
alence of hypertension and the levels of SBP, DBP, and MAP
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showed positive associations with TSH level among general
subjects. Stratified regression analysis showed that SCH may be
a risk factor of elevated hypertension prevalence or BP compo-
nents, which was the most apparent in females younger than 65
years old.

Cai et al. [26] recently analyzed the association between thy-
roid function and several hypertension subtypes in a cross-sec-
tional study. They found that individuals with ambulatory hy-
pertension tended to have higher serum TSH levels than ambu-
latory normotensive individuals, and the serum TSH level was
also higher in the clinic hypertensive group than the clinic nor-
motensive group [26]. Another cross-sectional study conducted
in India demonstrated that hypertensive patients showed a sig-
nificantly higher mean TSH compared with overall individuals
[27]. The results of the above studies are similar to our current
results. However, because these were all cross-sectional studies,
the causal relationship between hypertension and serum TSH
concentration cannot yet be explained.

The prevalence of overall and stage 1 and 2 hypertension was
significantly higher in the SCH group than in the euthyroid con-
trol group in the present study, and the result was similar to pre-
vious studies [28,29]. However, there are still some discrepan-
cies between SCH and hypertension prevalence. In a case-con-
trol study with 240 SCH patients and 480 controls in Spain, no
significant differences were found in hypertension prevalence
between the two groups [30]. Liu et al. [31] conducted a similar
cross-sectional study involving 6,998 adults, and the prevalence
of hypertension did not reach statistical significance between
the euthyroid and SCH groups after adjusting for age.

Of note, if we stratify by age and sex, we found that the asso-
ciation between SCH and hypertension was related to age and
sex. SCH showed a significant correlation with hypertension in
another cross-sectional study involving 1,226 euthyroid subjects
and 93 SCH patients, and the relationship was similarly more
remarkable in females [10]. Likewise, other relevant investiga-
tions also verified a more profound relationship between SCH
and hypertension risk among female subjects [32,33]. However,
in another sex-specific analysis conducted by Mehran et al. [34],
neither females nor males showed a significant association be-
tween SCH and hypertension. Our regression analysis of 49,433
euthyroid individuals and 7,719 SCH patients confirmed that
SCH patients who were females or aged <65 were more likely
to have hypertension. Furthermore, the stratified regression
analysis after 1:1 PSM also confirmed the results. It is well
known that aging is a predominant risk factor for hypertension
and other cardiovascular events. It has been found that hyper-
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tension prevalence could jump from 48% in populations aged
55 to 64 to 62% in populations aged 65 to 74 [35]. Fig. 3 reveals
that hypertension prevalence is much higher in older subjects,
and there are almost no differences among subgroups with dif-
ferent TSH levels. We infer that the BP-increasing effect medi-
ated by SCH gradually becomes less predominant upon aging.
In addition, the reference range of TSH increases significantly
with age. We found in the TIDE study that the 97.5th percentile
of TSH in the reference population increased by 0.534 mU/L for
every 10-year increase in age [36]. Therefore, the prevalence of
SCH in older group might be overestimated merely with manu-
facturer reference range, which might affect the true association
between SCH and hypertension or BP components in subjects
aged =65.

Regarding the relationship between SCH and BP components,
previous studies failed to reach a completely identical conclu-
sion, some of which drew similar conclusions to our present
study. Two meta-analyses summarized the weighted mean dif-
ferences of SBP and DBP between the SCH and euthyroid
groups and found that both SBP and DBP were significantly
higher in the former group [37,38]. However, the authors did
not group the subjects by different sexes, ages or TSH levels,
which remains to be further investigated. Ye et al. [39] also ob-
served increased SBP in the SCH group by meta-analysis. The
authors considered that the significant difference in age between
the euthyroid and SCH groups might explain the difference of
SBP between the two groups [39]. In our study, we also com-
pared several BP components between the euthyroid and SCH
groups and found similar trends. Furthermore, the association
between SCH and BP components was more profound for fe-
males or subjects aged <65. Similar to our present study, the
sex-specific alterations of BP components (SBP, DBP, and PP)
with SCH were also analyzed by Asvold et al. [32]. They found
that both grades of SCH (TSH 3.6 to 9.9 mU/L and TSH =10
mU/L) were independently associated with SBP, DBP, and PP
in females. Unlike our conclusions, the increase of BP compo-
nents with TSH elevation within the reference interval (0.5 to
3.5 mU/L) was the most profound in subjects aged 50 to 69 in
both sexes. We speculate that the contradiction may be due to
differences in the inclusion criteria, as not all included subjects
were tested for thyroid function in the previous study.

According to our results, the values of SBP, DBP, and MAP
increased significantly with per unit elevation of TSH. Itter-
mann et al. [40] pooled 17,023 subjects for a cross-sectional
study from several previous studies, concluding that baseline
high TSH level was associated with current increase of SBP and
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DBP, which resembles our present results. However, pooled
longitudinal studies showed no significant association between
TSH and 5-year changes in the incidence of hypertension or BP
components [40]. Zhang et al. [33] also analyzed the sex-specif-
ic variation of SBP and DBP with TSH levels and found that fe-
males were more likely to have higher and more significant cor-
relations than males. Similarly, TSH elevation was significantly
associated with SBP, also particularly among females in a cross-
sectional study in the Netherlands, while none of the regression
coefficients reached significance among males [41]. Unlike our
findings and the above studies, Kus et al. [42] recently analyzed
the effects of TSH variation on BP among over 750,000 partici-
pants with Mendelian randomization, and the meta-analysis
showed a significant negative association between TSH and PP,
while SBP and DBP were not significantly altered by genetical-
ly-driven TSH variation. In addition, our study found for the
first time that TSH is an independent risk factor for increased
MAP, a conclusion that requires more research to verify in the
future.

The strengths of our study are as follows. Firstly, this study is
currently the largest one on SCH and BP, and we analyzed pa-
tients with newly diagnosed SCH and hypertension. Secondly,
we performed a stratified analysis of age and sex, which makes
a novel contribution to the field of knowledge. However, there
are still some limitations in our study. It was not possible to in-
fer temporal or causal relationships between TSH and BP due to
the characteristics of the cross-sectional study. Due to the
unique limitations of epidemiological investigations, we have
not been able to measure BP on different dates to confirm the
diagnosis of newly-diagnosed hypertension. Similarly, the diag-
nosis of SCH was affected by the same reasons; thus, the level
of TSH could not be rechecked within 1 month.

In conclusion, the prevalence of hypertension and the levels
of SBP, DBP, and MAP are positively correlated with TSH. The
relationships are more apparent in females than in males, and
the statistical significance was more profound in subjects aged
<65.
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