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Subclinical hypothyroidism (SCH) represents an early form of thyroid dysfunction and is biochemically defined as an
elevated TSH (thyroid-stimulating hormone or thyrotropin) level with a normal level of free thyroxine (FT4) within the
reference range. SCH can affect about 1-11% of adults depending on the cohort studied, and such wide variability in its
incidence can be attributed to the environmental and ethnic differences as well as the different TSH reference ranges
used in each country.
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| 1. Introduction

Subclinical hypothyroidism (SCH) represents an early form of thyroid dysfunction and is biochemically defined as an
elevated TSH (thyroid-stimulating hormone or thyrotropin) level with a normal level of free thyroxine (FT4) within the
reference range . SCH can affect about 1-11% of adults depending on the cohort studied, and such wide variability in its

incidence can be attributed to the environmental and ethnic differences as well as the different TSH reference ranges
used in each country [ZIBIAILIEITIE]

The cardiovascular system is one of the most important downstream targets of triiodothyronine (T3), the active cellular
form of thyroid hormone. Despite its relatively benign clinical course compared to an overt hypothyroidism, SCH has been
found to be associated with an increased cardiovascular risk, including coronary artery disease, myocardial infarction,
stroke, and dyslipidemia QAL However, there is no clear consensus on the relationship between SCH and
hypertension (HTN), with several published studies showing a positive association between SCH and HTN [L2/[13][14][15][16]
(171 and some studies showing no association (1811191120

As in most thyroid diseases, it has been reported that the incidence of SCH is more common in women than in men 22124
(2211231 Mmoreover, the prevalence of SCH in both genders increases with age, and 8% to 18% of adults 65 years of age or
older was found to have SCH 224251 For this reason, we decided to study a female patient population and examine
different age groups.

The aim of this study was to elucidate the relationship between SCH and HTN in females via meta-analysis of published
cross-sectional and cohort studies. Moreover, we also divided the included studies into the middle-aged (mean age < 65)
and the older (mean age = 65) subgroups and sought to investigate the effect of age on the association between SCH and
HTN.

| 2. Analysis on Results

Figure 1 shows a PRISMA (Preferred Reporting ltems for Systematic Reviews and Meta-Analyses) flow diagram that
depicts the process of identification, screening, eligibility, and inclusion or exclusion of the studies. The initial search of the
PubMed and the EMBASE databases yielded 673 articles (173 studies from PubMed and 500 studies from EMBASE).
After exclusion of 64 duplicate studies, 609 studies underwent title and abstract review. Of these articles, 572 studies
were excluded because they were not relevant to our study ( n = 489), included pregnant patients ( n = 64), were
conducted in animal or cellular models ( n = 8), or published in a language other than English ( n = 11). A total of 37
articles underwent full-length review. Of these, 28 studies were excluded as they did not have the outcome of our interest
( n = 25) or did not have a control group ( n = 3). Thus, the final analysis included 9 unique studies with total of 21,972
female subjects.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram for identification,
screening, eligibility, and inclusion of studies.

The main characteristics of the included studies ( n = 9) are described in Table 1 . Comorbidities other than HTN in
patients with SCH included metabolic syndrome, hyperlipidemia, and impaired fasting glucose. Regarding the study
design, five studies were cross-sectional, three studies were prospective cohort, and one was a case cohort. For each
study, information including the number of participants, the mean and the reference TSH level of the SCH group, and the
reference blood pressure level for HTN was given.

Table 1. Main characteristics of the included studies (n = 9). Three studies with the superscript “” belong to the older
subgroup with mean age = 65.

SCH

oy T e o O e e ey ey
(H;';'g)’» (20,076) cn SCH (miu)  (MmHY)
Ashizawa®  Japan 2010 Sg:zial a 113/‘; H o 12?37’;‘8 y T NR (‘:’f_g) >140/90
Harada u.s. 2017 P“(’:So"he::"e (16577:’06) (693317;77) 56.9 NR (>Tz) >130/85
Legrys ® Us. 2013 ci?;ert (3:3297) (99?3;86) 67.5 NR (53658) NR
Lindeman®  U.S. 2003 ngﬁzial (277 117) (1123?570) 739  NR (>""1':"7) >160/95
Liu, Hwang  Taiwan 2018 S:';:zial ( 4;?527) (22563131?) 65) 485 NR (>"é'_?5) >130/85
Liu, Jiang  China 2010 sg;zzim 3 17 Ii P 1835439) 448 AR (ffs) >140/90
L“bZi?JtZky Israel 2002 P"(’:Sophe::ti"e (115;6) (1?:3) 46.8 NR (;("5) >140/90
LUb:::ei:Zky Israel 2004 Pnc):iphe:rttive (154/‘;9) (4125) 516 NR (>94.25) >140
Zhang China 2019 sgzzial 495 4607 48.8 (}E,E;), (>'\;,Ffo) >140/90

Abbreviations: SCH, subclinical hypothyroidism; TSH, thyroid-stimulating hormone; HTN, hypertension; SBP, systolic
blood pressure; DBP, diastolic blood pressure; NR, not reported.

A total of nine ( n = 9) studies with 21,972 female subjects (1896 subjects with SCH) were included in our meta-analysis.
Using the information in Table 1 for the number of subjects in the SCH and control groups with or without HTN, we
obtained the OR and its corresponding 95% CI [28]. The forest plot in Figure 2 depicts the OR and the 95% CI of individual
study. Heterogeneity among the included studies existed as the Q-statistic, and its corresponding p -values were 34.64



and 0.00003, respectively. We also quantified the degree of heterogeneity by using the | 2 statistic, which indicated a high
heterogeneity among the studies (I 2 = 76.91%). Thus, in our study, we employed the random-effects model (28127 and
obtained the overall pooled OR (=1.32) and 95% CI (=1.02-1.71) as shown in Figure 2 .

Author (Year) OR _ Lower Cl Upper Cl % Weight
Ashizawa (2010) o 0.92 0.68 1.24 14.43
Harada (2017) - 1.41 0.9 1.36 16.11
LeGrys (2013) - 1.03 0.79 1.35 15.02
Lindeman (2003) - 0.86 0.51 147 10.18
Liw, Hwang (2018) . 1.42 0.96 2.1 12.60
Liu, Jiang (2010) —B— 205 1.26 3.35 10.87
Luboshitzky, Aviv (2002) F— = 789 0.a7 64.15 1.40
Luboshitzky, Herer (2004) - 1.84 0.55 6.89 337
Zhang (2019) - 1.96 1.59 2.41 16.02
Overall K> 1.32 1.02 1M 100
- Heterogenaity, O=34 64 & p=0 00003
F=76.91
= Inter-study variation: « =0.067
Significance of pooled OR Z=2_ 10 & p=0.035

0.1 1 10

Figure 2. Forest plot of all included studies (n = 9) showing OR for the association between SCH and HTN. OR for each
individual study is represented by a solid square (m), while its Cl is denoted by a horizontal line. A diamond (<) denotes
the CI for the pooled OR, and the vertical dashed line passes the pooled OR. Abbreviations: OR, odds ratio; ClI,
confidence interval; SCH, subclinical hypothyroidism; HTN, hypertension.

To examine the robustness of the pooled OR and 95% CI in the whole group, sensitivity analyses were undertaken by
excluding an individual study at a time, and they showed no significant changes. For instance, when the study of Harada
et al. 12 was arbitrarily excluded, the pooled OR (=1.37), and the 95% CI (=1.00—1.88) were close to those in the original
whole group ( Figure 3).

Author (Year) OR_Lower C| Upper Cl % Weight
Ashizawa (2010) L 092 068 1.24 14.43
LeGrys (2013) . 1.03 079 1.35 15.02
Lindeman (2003) L 086 051 1.47 10.18
Liu, Hwang (2018) - 142 096 2.1 12.60
Liu, Jiang (2010) — = 205 126 3.35 10.87
Luboshitzky, Aviv (2002) : &——= 783 097 64.15 1.40
Luboshitzky, Herer (2004) ] 184 055 6.89 3.37
Zhang (2019) ] 196 159 2.41 16.02
Subtotal (Q=31.27 & p=0.00006; '=77.62) K> 137 1.00 1.88 83.89
Harada (2017) Lo 111 09 1.36 16.11
Overall (G=34.64 & p=0.00003; '=76.81) K> 132 1.02 1.71 100
01 1 10

Figure 3. Sensitivity analysis via exclusion of the study of Harada (2017). Forest plot in a group (n = 8) without the study
of Harada (2017). % weights are from the random-effects model in the whole studies (n = 9). OR for each included
individual study is denoted by a solid square (m), while its Cl is represented by a horizontal line. The centers and the
widths of the diamonds (<) represent the ORs and the Cls for the excluded study of Harada (2017) and the pooled ORs
and Cls in the subtotal and the overall cases, respectively.

| 3. Current Insights

First, we discuss the increased incidence of HTN in patients with SCH. Under normal physiological circumstances, thyroid
hormone affects the blood pressure via its action on the ion channels, inducing endothelium-mediated nitric-oxide
production and causing direct vascular smooth muscle relaxation 281231, Endothelial dysfunction secondary to impaired
vascular smooth muscle relaxation have previously been demonstrated in SCH, which may explain the increased
incidence of HTN BYE1 we also note that thyroid hormone plays an essential role in removing excess LDL (low-density
lipoprotein) cholesterol B2, Accordingly, patients with SCH have been shown to have an increased incidence of
hyperlipidemia, which likely contributes to atherosclerosis, increased arterial stiffness, and HTN [B2133],

In our study, the discrepant association of SCH and HTN in different age subgroups is notable; there was no statistically
significant association between SCH and HTN in the older subgroup unlike in the middle-aged subgroup. The reason
behind this discrepancy is unclear, but several suggestions can be made. Notably, the activity of type Il iodothyronine
deiodinase, an enzyme that converts pro-hormone thyroxine (T4) to an active thyroid hormone (T3) in target cells, has
been shown to decrease with aging 22l This in turn leads to a decreased T3 level and a reflexive increase in TSH level in
older people. Indeed, in cross-sectional studies of euthyroid individuals, TSH concentrations have been shown to increase



with age [B4B5I36] Moreover, several cohort studies have shown that the age-associated increase in TSH concentrations
did not cause a decrease in free T4, suggesting a change in TSH set-point with aging B438l Hence, age-related TSH
elevation in the older subgroup may be more representative of a physiological aging process than a pathologic condition.
In a randomized controlled trial for thyroid hormone replacement for untreated older adults with SCH, it was shown that
the levothyroxine therapy in the elderly patients diagnosed with SCH provided no symptomatic benefit 2. Moreover, it
has been shown that elderly patients diagnosed with SCH under current guidelines do not strongly express the clinical
signs of hypothyroidism compared to younger SCH patients, and this may further support the inadequacy of using the
same guidelines for diagnosing SCH in the elderly population &l Ultimately, we must be cautious when diagnosing and
treating SCH in older patients, and a guideline for age-based reference range of TSH is needed.

We also reference a previous work that investigated the association between SCH and the blood pressure 29, This study
was a meta-analysis that aimed to obtain the pooled weighted mean difference (WMD) of blood pressure in SCH versus
the euthyroid groups. In contrast to our work, the subjects in the study consisted of both males and females. In this work,
SCH was found to be associated with a slightly higher systolic blood pressure (SBP) than the euthyroid group (pooled
WMD of SBP = 1.47 mmHg, 95% CI = 0.54-2.39, p = 0.002), while there was no statistically significant difference in
diastolic blood pressure (DBP) between the SCH and the euthyroid groups. Moreover, a meta-regression analysis showed
a significant linear relationship between age difference and WMD of SBP in the SCH and euthyroid groups. Thus, the age
difference between the two groups could be a key confounding factor for WMD of SBP. Accordingly, it was concluded that
SCH was associated with a slightly higher SBP, which could be attributed to the age difference between the SCH and
euthyroid groups. It is important to note that the meta-analysis investigated the relationship between SCH and the mean
values of SBP and DBP, but the blood pressures were not necessarily in the hypertensive range. In contrast, our paper
studied the association of SCH and the incidence of HTN and a pathologic increase in blood pressures and assessed the
pooled OR for the incidence of HTN. To our best knowledge, there is no published meta-analysis that studied the
association between SCH and HTN.

Finally, we discuss relevant limitations in our study. In the present study, we focused on the association between SCH and
HTN in women, as the incidence of SCH is more common in women. However, in future studies, it would be interesting to
examine whether the same association between SCH and HTN is present in the male population also. Secondly, since all
the included studies are observational, the meta-analysis might be affected by confounding factors, and hence, the results
must be carefully interpreted even though they may provide useful information. Secondly, owing to our inclusion criteria,
publication bias may not be completely excluded, as unpublished studies were not included. Thirdly, the TSH cut-off
reference level for the SCH and the reference level of HTN varied depending on included studies, which might also affect
overall interpretation. Nevertheless, our sensitivity analysis showed unaltered outcomes, which suggested that the overall
analysis is robust. Lastly, most of the included studies (except for the work of LeGrys et al. ¥, with minimum five-year
follow-up) measured their data points for TSH and blood pressures at a single time point, which may lead to less accurate
and robust diagnoses of SCH and HTN. In the future, observational studies with longer follow-up periods are needed to
establish stronger evidence for the cause and effect relationship between SCH and HTN.
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