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ORIGINAL ARTICLE

Blood pressure levels in patients with subclinical
thyroid dysfunction: a meta-analysis of

cross-sectional data

Yunfei Cail*?, Yongkui Ren?® and Jingpu Shi'?

The relationship between subclinical thyroid dysfunction and blood pressure is controversial and has received insufficient
attention. The aim of this study was to assess whether blood pressure levels in patients with subclinical thyroid dysfunction
differ from those of euthyroid subjects. A meta-analysis of all cross-sectional studies was performed to compare the blood

pressure levels in patients with subclinical thyroid dysfunction with those of healthy controls. A computer-based online retrieval
of databases (MEDLINE and EMBASE) and manual searches were undertaken to identify articles that addressed the association
between subclinical thyroid dysfunction and blood pressure levels and were published through 2010, using no language

restrictions. The meta-analysis was performed using STATA 11 (Stata). Seven cross-sectional studies were examined. In patients

with subclinical hypothyroidism, the pooled estimate of the weighted mean difference (WMD) of increased blood pressure
revealed a significant difference in both systolic blood pressure (SBP; WMD with 95% confidence interval (Cl) 1.89 mm Hg
(0.98-2.80), P<0.05) and diastolic blood pressure (DBP; WMD with 95% CI 0.75 mm Hg (0.24-1.27), P<0.05). However, in
patients with subclinical hyperthyroidism, the pooled estimate of the WMD of increased blood pressure revealed no significant
difference in SBP (WMD with 95% CI —0.75 mm Hg (—1.81 to 0.31)) or DBP (WMD with 95% Cl —0.64 mm Hg (—2.36 to
1.08)). The present meta-analysis indicates that subclinical hypothyroidism is associated with increased SBP and DBP, whereas
subclinical hyperthyroidism is not. Further investigation is needed to confirm blood pressure levels in patients with subclinical

thyroid dysfunction.
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INTRODUCTION

Thyroid dysfunction, both hypothyroidism and hyperthyroidism, may
increase the risk of hypertension.> However, it is still controversial
whether mild thyroid dysfunction, such as subclinical hypothyroidism
and subclinical hyperthyroidism, affects blood pressure. Subjects with
subclinical hypothyroidism have elevated thyroid-stimulating hor-
mone (thyrotropin, TSH) levels and normal free thyroxine (T4)
levels.? Previous studies have suggested that subclinical abnormalities
in TSH levels are associated with detrimental effects on the cardio-
vascular system.* Studies have also suggested an association between
subclinical hypothyroidism and hypertension, which has been subse-
quently confirmed by some, but not all, large cross-sectional and case—
control studies.* Within the past 5 years, six large cross-sectional
studies on this topic have produced conflicting results.>~1® Three
studies concluded that subjects with subclinical hypothyroidism had
a significantly higher systolic blood pressure (SBP) than euthyroid

subjects (age, sex and body mass index adjusted).>>!® However,
discrepancies between study results may have arisen from differences
in the level of adjustment for other cardiovascular risk factors among
the included studies.

Subjects with subclinical hyperthyroidism have low serum TSH
levels and normal free thyroid hormone (free T4) levels. The con-
sequences of subclinical hyperthyroidism have been less frequently
studied than those of subclinical hypothyroidism. Subclinical
hyperthyroidism has been associated with decreased blood pressure
level,? but with conflicting data.>710,11

There have been no analyses performed to date on the relationship
between subclinical thyroid dysfunction and blood pressure. To
determine whether subclinical thyroid dysfunction is associated with
increased blood pressure, we performed a meta-analysis of cross-
sectional studies that examined the relationship between subclinical
thyroid dysfunction and the risk of increased blood pressure levels.
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METHODS

Meta-analyses of observational studies present particular challenges because of
inherent biases and differences in study designs.'> To ensure objectivity,
we conducted and reported this analysis according to the guidelines of the
Meta-Analysis of Observational Studies in Epidemiology Group.!3

Search strategy

Searches were conducted in electronic databases MEDLINE and EMBASE
through 2010 to identify articles that reported blood pressure values in patients
with subclinical thyroid dysfunction compared with euthyroid subjects. Manual
searches of key journals and abstracts from major annual meetings were
conducted in the fields of endocrinology and cardiovascular disease in an
effort to identify relevant unpublished data. Additional unpublished studies
were also sought from web sites. The search strategy included the following: the
Medical Subject Headings term ‘Hypothyroidism’[Mesh] or ‘Hyperthyroi-
dism’[Mesh] or ‘“Thyroid Disease’[Mesh] or ‘Thyrotropin’[Mesh] and the text
word terms ‘subclinical hypothyroidism’ or ‘subclinical hyperthyroidism’ or
‘subclinical thyroid dysfunction’ or ‘thyroid-stimulating hormone’; and the
Medical Subject Headings terms ‘Blood Pressure’[Mesh] or ‘Hypertension’
[Mesh] and the text word terms ‘systolic blood pressure’ or ‘diastolic blood
pressure’. No language restrictions were used in the search.

Inclusion criteria

Serum thyrotropin and free thyroxine concentrations were measured with
reference ranges as follows. For thyrotropin levels, the normal value for the
lower limit of the range was 0.25-04mUI"!, and the upper limit was
3.8-4.8 mUI"L. The normal free T4 range of 0.6-1.9ngdl™! was used in most
studies.”™!! The TSH reference range is a topic of debate; however, TSH levels
are critically important in diagnosing subclinical disease. Subclinical hypothyr-
oidism is defined as the presence of an elevated TSH and a normal T4 level.?
Several reviews suggest a TSH upper limit cutoff of 4.5-5.0 mU I"1,>!4 but some
authors suggest that the upper limit of the TSH range should be reduced to
2.5-3.0mU"L,1>1 based on a higher rate of progression to overt hypothyroid-
ism and a higher prevalence of antithyroid antibodies than in euthyroid
subjects.!” In the absence of a consensus, we did not specify a TSH cutoff to
define subclinical hypothyroidism; the TSH cutoff value of each included study
is listed in Table 2. Similarly, we did not specify a TSH range for subclinical
hyperthyroidism, but all studies had a cutoff value close to 0.25 to 0.4 mU 1!
(values listed in Table 3). Studies were included if they met the following
criteria: (1) analyses were reported for two groups defined according to the
thyroid function test results as either subclinical hypothyroidism or subclinical
hyperthyroidism; (2) reporting of age-, sex- and body mass index-adjusted SBP
and diastolic BP (DBP) data were available for patients with subclinical
hyperthyroidism or subclinical hypothyroidism and compared with the euthyr-
oid population; and (3) reporting of s.d., s.e. or 95% confidence intervals (Cls)
for the mean SBP and DBP. This information was necessary for the quantitative
analyses. Only studies where age and sex were similar between the two patient
groups were included in the meta-analysis.

Exclusion criteria

Participants who were taking medicines that influence thyroid function or were
undergoing antihypertensive treatment were excluded. Participants with overt
thyroid dysfunction were also excluded.® Participants with a history of thyroid
disease and those who were taking medication affecting thyroid function,®’
those who were diagnosed with hypothyroidism or hyperthyroidism in this
investigation as well as participants with hypertension who had taken oral
antihypertensive drugs in the previous 4 weeks were also excluded.® Participants
with any thyroid disease® and who were being treated for thyroid disease and
hypertension were also excluded.’ Subjects with overt hyperthyroidism or
increased serum thyrotropin levels who were receiving antihypertensive med-
ications were also excluded.'! Researchers were unable to exclude subjects
who were on a drug treatment that might affect measurements of thyroid
function, but the number of participants on such therapy was expected to
be small.!0
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Study selection and data extraction

Two reviewers (CYF and RYK) independently screened the abstracts and titles
of the search results, and articles were eliminated only if they did not investigate
the association between subclinical thyroid dysfunction and blood pressure
levels. The same two reviewers independently evaluated studies for eligibility on
the basis of the predefined set of eligibility criteria.

Information from each study was extracted independently by the two
reviewers (CYF and RYK), using a standardized data extraction form. General
characteristics of the study (author, year of publication, country, time of study,
study design, exclusion criteria, TSH assay, sphygmomanometer, position,
reading(s) used and adjusted factors), characteristics of the subclinical thyroid
dysfunction and euthyroid groups (age, sex, body mass index and TSH levels)
and results (sample size, SBP mean * s.d., DBP mean *s.d.) were recorded,
where available, and double checked. Discrepancies in data extraction between
reviewers were resolved by discussion.

Statistical analysis

SBP and DBP levels in each study were extracted as mean *s.d. When not
reported, missing mean differences and s.d’s were estimated based on reported
CIs, and the authors of the study were contacted if necessary. The s.e.m. was
transformed into s.d. weighted mean difference (WMD) and 95% ClIs in SBP
and DBP were calculated for all eligible studies in the meta-analysis and
combined using fixed or random-effects models'® where appropriate. Hetero-
geneity between the results of different studies was examined using y? tests for
significance (a P-value <0.1 was considered to be statistically significant) and 2
tests (I >50%: significant heterogeneity; I <25%: insignificant heterogene-
ity).!” To assess the extent of publication bias, Begg’s correlation and Egger’s
regression for publication bias were used.?*?! Visual inspection of publication
bias using a funnel plot of the data was not employed because bias may be
incorrectly inferred if studies are heterogeneous.’? Sensitivity analysis was
conduced for all studies except those with borderline eligibility. Meta-analysis
was conducted using STATA 11 for Windows (Stata, College Station, TX, USA).

RESULTS

Search results

Our review yielded seven large cross-sectional studies®!! (including
subclinical hypothyroidism and subclinical hyperthyroidism). These
studies reported the number of patients with a diagnosis of subclinical
thyroid dysfunction at baseline. Of the 255 reports (including electro-
nic and manual retrieval) initially identified, we excluded 231 studies
that did not investigate the association between subclinical thyroid
dysfunction and blood pressure. Of the 24 articles selected for detailed
evaluation, 4 studies did not assess the risk of high blood pressure in
subjects with subclinical thyroid dysfunction, 4 studies contained
participants with a personal history of thyroid disease or participants
who were taking medication that affects thyroid function and 2 studies
did not provide risk estimates and CIs or the information necessary to
calculate them from the report. Six low-quality case—control studies
were excluded because they did not report blood pressure measure-
ments. When similar data were published twice, we included the article
with the most definitive and extractable information; this led to the
exclusion of one study.?? Seven cross-sectional studies remained and
were included in the meta-analysis. Table 1 shows the characteristics of
all seven studies included in our analysis. Tables 2 and 3 show the
patient characteristics based on risk factors and outcomes for sub-
clinical hypothyroidism and subclinical hyperthyroidism, respectively.

SBP in subclinical hypothyroidism and cumulative meta-analysis

Six studies® 10 reported the SBP levels of patients with subclinical
hypothyroidism and euthyroid subjects. No statistical heterogeneity
was evident among the studies (P=0.225; ’=27.9%), and hence
WMD was pooled using a fixed-effect model. Three studies>>? out
of the six concluded that SBP levels were substantially higher in the
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group with subclinical hypothyroidism compared with controls
(WMD with 95% CI 1.89 mm Hg (0.98-2.80), P=0.000; Figure 1).
Because two studies”® did not specify the exclusion of participants
with hypertension who had taken oral antihypertensive drugs, we did
a sensitivity analysis excluding the two studies that showed a pooled
WMD of 2.81 mm Hg (95% CI 1.61-4.00, P=0.000). Exclusion of the
two studies did not yield results that were similar to the previous
pooled WMD. However, sensitivity analysis showed a higher blood
pressure level in patients with subclinical hypothyroidism compared
with those with euthyroidism, which indicated that the exclusion of
the two studies from our meta-analysis strengthened the estimate.
Before and after the sensitivity analysis, SBP in subjects with sub-
clinical hypothyroidism was higher than that of the euthyroid group
(P<0.05 for both). Sequential cumulative meta-analyzed results for
each year beginning with 2006 were calculated. From 2009 onward,

the pooled cumulative WMD varied between 2.10 and 2.15 with
no evident trend. Neither the Egger’s regression asymmetry test
(P=0.507) nor the Begg’s adjusted rank correlation test (P=1.000)
regarding SBP in subclinical hypothyroidism indicated the existence of
publication bias.

DBP in subclinical hypothyroidism and cumulative meta-analysis
Six studies”'° evaluated DBP levels in patients with subclinical
hypothyroidism. We pooled the six studies as a combined analysis
of DBP using the fixed-effects method because no statistical hetero-
geneity was evident among studies (P=0.728; ’=0.0%). The pooled
estimate, after adjustment for variables mentioned in Table 1, repre-
sented a significant increase in blood pressure levels among subjects
with subdlinical hypothyroidism compared with controls (WMD with
95% CI 0.75mm Hg (0.24-1.27), P=0.004; Figure 2). Because two

Study WMD of SBP in subclinical hypothyroidism
ID WMD (95% CI)  Weight
Duan Y et al.[5] (2009) —v—'— 2.47(0.91.4.03)  34.03
Liu D etal.[6] (2010) 3.50(—1.50, 8.50) 3.30
Nah EH et al.[7] (2009) ——0—‘3— 0.90 (—0.66, 2.46) 33.75
Park YJ etal.[8] (2010) —*—:— 0.30 (-3.37,2.77) 8.75
Takashima N et al.[9] (2007) ——'— 2.80(0.53,5.071) 1597
Walsh JP et al.[10] (2006) 5.00(0.57.9.43) 4.20
Overall (I-squared = 27.9%, p = 0.225) O 1.89 (0.98, 2.80) 100.00
T T
9.43 0 9.43

SBP higher in Euth

SBP higher in SHypo

Figure 1 Comparison of systolic blood pressure (SBP) in subclinical hypothyroidism and euthyroidism in six cross-sectional studies. Cl, confidence interval;
Euth, euthyroidism, SHypo, subclinical hypothyroidism; WMD, weighted mean difference.

Study

WMD of DBP in subclinical hypothyroidism

D WMD (95% Cl)  Weight
Duan Y et al.[5] (2009) —o— 0.79 (-0.06, 1.64) 37.54
Liu D et al.[6] (2010) 0.30(-2.95, 2.35) 3.83
Nah EH et al.[7] (2009) —~— 0.90 (-0.08, 1.88) 28.17
Park YJ et al.[8] (2010) 1.10(-0.92,3.12) 6.59
Takashima N et al.[9] (2007) —-*— 0.20 (~1.00, 1.40) 18.53
Wash JP et al.[10] (2006) 2.00(-0.24,4.24) 533
Overall (I-squared = 0.0%, p = 0.728) <> 0.75(0.24,1.27)  100.00
T T
4.24 0 4.24

DBP higher in Euth

DBP higher in SHypo

Figure 2 Comparison of diastolic blood pressure (DBP) in subclinical hypothyroidism and euthyroidism in six cross-sectional studies. Cl, confidence interval;
Euth, euthyroidism, SHypo, subclinical hypothyroidism; WMD, weighted mean difference.
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studies”® did not report whether participants with hypertension who
had taken oral antihypertensive drugs were excluded, we did a
sensitivity analysis excluding the two studies that showed a pooled
WMD of 0.66 mm Hg (95% CI 0.02-1.03), and the exclusion of the
two studies yielded similar results. Sequential cumulative meta-ana-
lyzed results for each year beginning with 2006 were calculated. From
2009 onward, the pooled cumulative WMD varied between 0.88 and
0.94, with no evident trend. Neither the Egger’s regression asymmetry
test (P=0.896) nor the Begg’s adjusted rank correlation test (P=0.707)
regarding DBP in subclinical hypothyroidism indicated the existence
of publication bias.

SBP in subclinical hyperthyroidism and cumulative meta-analysis
We performed both a fixed-effect meta-analysis and a cumulative
meta-analysis because no statistical heterogeneity was evident among
the studies (P=0.138; I?=42.5%). In the five studies>’”~1! that
reported SBP levels, the WMD of increased blood pressure in patients
with subclinical hyperthyroidism revealed no significant difference
(WMD with 95% CI —0.75mm Hg (—1.81 to 0.31)). Because one
study’ did not report whether they excluded participants with
hypertension who had taken oral antihypertensive drugs, we per-
formed a sensitivity analysis excluding the study that showed a pooled
WMD of —1.06 mm Hg (95% CI —2.16 to 0.04). The exclusion of that
study yielded similar results. Figure 3 displays the pooled cumulative
WMD from 2006 to 2009, which ranged from 5.00 to —0.75 mm Hg.
From 2006 onward, the pooled cumulative WMD varied between
—1.58 and —0.75, with no evident trend. Neither the Egger’s regres-
sion asymmetry test (P=0.411) nor the Begg’s adjusted rank correla-
tion test (P=0.806) regarding SBP in subclinical hyperthyroidism
indicated the existence of publication bias.

DBP in subclinical hyperthyroidism and cumulative meta-analysis
There were five studies>” ! that evaluated DBP levels in those with
subclinical hyperthyroidism. Significant statistical heterogeneity was
evident among the studies (P=0.030; I’=62.6%); therefore, WMD
was pooled using a random-effect model. The WMD of DBP in
patients with subclinical hyperthyroidism revealed no significant
difference (WMD with 95% CI —0.64mmHg (—2.36 to 1.08)).
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Because one study’ did not report whether they excluded participants
with hypertension who had taken oral antihypertensive drugs, we
performed a sensitivity analysis excluding the study that showed a
pooled WMD of —1.36 mm Hg (95% CI —2.39 to 0.34). The exclu-
sion of that study did not significantly modify the overall effects
observed. Sequential cumulative meta-analyzed results for each year
from 2006 were calculated. From 2006 onward, the pooled cumulative
WMD varied between —0.59 and —1.24, with no evident trend.
Neither the Egger’s regression asymmetry test (P=0.604) nor the
Begg’s adjusted rank correlation test (P=1.000) regarding DBP in
subclinical hyperthyroidism indicated the existence of publication
bias.

DISCUSSION

Our findings are based on the information available on subclinical
thyroid dysfunction and blood pressure levels. When possible, we
quantitatively estimated the association between this thyroid condi-
tion and increased blood pressure.

The results of our study suggest an association between subclinical
hypothyroidism and increased blood pressure levels. Several mechan-
isms could explain why subclinical hypothyroidism has an adverse
effect on blood pressure. Clinical hypothyroidism is known to increase
blood pressure levels, and the main underlying cause of this is thought
to be the degree of systemic vascular resistance present in patients with
clinical hypothyroidism. T3 can directly act on arterial smooth muscle
cells of blood vessels to cause vasodilation.’* In hypothyroidism,
declining T3 levels result in an increased vascular resistance, causing
an increase in blood pressure. Hypothyroidism can also lead to
abnormal sodium metabolism, increased sympathetic nervous system
activity and a decreased glomerular filtration rate, which may con-
tribute to the development of hypertension.?>?’

Blood pressure salt sensitivity was also one of the critical factors for
hypertension in hypothyroid patients.?® The study by Gumieniak
et al.?> showed that the relationship between free thyroxine index
(FTI) and salt sensitivity is partly mediated by the vascular action of
the thyroid hormone. Recent studies indicate that cardiovascular
disorders have existed in the subclinical hypothyroidism stage.
Luboshitzky et al.? found that the prevalence of hypertension in the

Cumulative meta—analysis of SBP in subclinical hyperthyroidism

ES (95% CI)

Weighted mean difference of SBP (95% Cls)

Walsh JP et al.[10] (2006) > 5.00 (-3.28, 13.28)

Volzke H et al.[11] (2006) —_— 1.45 (-3.57,0.67)

Takashima N et al.[9] (2007) N T T 1.58 (-3.55, 0.38)

Nah EH et al.[7] (2009) —_— 0.63 (-2.38, 1.11)

Duan Y et al.[5] (2009) —=r -0.75 (-1.81, 0.31)
T T

133

SBP higher in Euth

0 13.3
SBP higher in SHyper

Figure 3 Cumulative meta-analysis of systolic blood pressure (SBP) comparing subclinical hyperthyroidism with euthyroidism in five cross-sectional studies,
2006-2009. Cl, confidence interval; Euth, euthyroidism; SHyper, subclinical hyperthyroidism.
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subclinical hypothyroidism group was significantly higher than that in
the normal control group, supporting our conclusion. Rotterdam’s
study showed that subclinical hypothyroidism was an independent
risk factor for atherosclerosis and myocardial infarction.’® Blood
hypercoagulability, blood viscosity and lipid abnormalities presenting
in subclinical hypothyroidism patients could increase the risk for
atherosclerosis.® These factors may also be involved in the patho-
genesis in which subclinical hypothyroidism affects blood pressure.

In the study by Liu et al® their investigation confirmed that
subclinical hypothyroidism could increase the risk for hypertension.
These results differ from those of the cross-sectional study by Duan
et al> and Walsh et al.,' in which subclinical hypothyroidism was not
associated with an increase in blood pressure. This lack of association
may reflect the smaller number of subjects in the case—control studies
or selection bias that arose from the clinic-based design in the study by
Walsh et al.!® Other possibilities for this discrepancy include differ-
ences in race, lifestyle and genetic background of the sampled
population. No compelling explanation has been widely accepted.

The present study addressed possible associations between subcli-
nical hyperthyroidism and blood pressure. The present meta-analyses
did not reveal an increased blood pressure in individuals with
decreased or suppressed serum thyrotropin levels and free thyroid
hormones within the reference range. In the study by Volzke et al.,!!
a community-based cross-sectional study was conducted among 4087
subjects in West Pomerania, the northeast area of Germany; they
concluded that subclinical hyperthyroidism is not associated with
hypertension. In contrast, Walsh et al.l® conducted a community-
based study in Australia and found that the prevalence of hypertension
was higher in patients with subclinical hyperthyroidism than that in
the group with euthyroidism. Indeed, another study conducted by the
same team disclosed that subclinical hyperthyroidism was not sig-
nificantly related to adverse cardiovascular diseases.>! This suggests
that the significant difference in hypertension rates between groups
with subclinical hyperthyroidism and euthyroidism was probably a
chance finding.

The etiologies in the subclinical hypothyroidism group are not
specified, but likely represent several clinical situations, which most
commonly involve (1) early, mild primary hypothyroidism, such as in
Hashimoto’s thyroiditis, (2) some cases of acute non-thyroidal illness
and (3) the recovery phase of some patients after non-thyroidal
illnesses. Subclinical hypothyroidism is most commonly caused
(50-80% of cases) by chronic autoimmune thyroiditis, which is
typically characterized by hypoechogenicity on ultrasound thyroid
examination and by the presence of thyroid autoantibodies in the
serum; these antibodies are most commonly thyroperoxidase anti-
bodies and are less commonly thyroglobulin antibodies, and rarely
TSH-receptor blocking antibodies.’> Less frequently, subclinical
hypothyroidism is because of other conditions; for example, iodine
intake is one of the causes for subclinical hypothyroidism. Unfortu-
nately, the studies included in this meta-analysis did not report the
iodine intake in each of these patients.

Although our statistical analyses showed that publication bias was
unlikely, it cannot be excluded because the capacity to detect pub-
lication bias is reduced when meta-analyses are based on a limited
number of studies.?>*! The major limitation of our analysis was that
the definitions of subclinical hypo- and hyper-thyroidism were slightly
different between studies; the different TSH cutoffs used reflect the
absence of consensus about how to define subclinical hypothyroid-
ism.»14-1° Some studies have a TSH cutoff of <4.5mUI"1.7-10
The inclusion of subjects with an almost normal TSH value would
be expected to skew the effects of any observed associations because
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some of these subjects may not have subclinical hypothyroidism.
However, TSH concentrations are not identical when measured by
assays from various kits used in different countries. This may be the
cause of the observed variation for TSH cutoffs. Thus, an international
standardization of thyroid function testing, currently under develop-
ment, is needed for future studies. Another limitation of our study
includes the lack of individual patient data, precluding further
exploration of the effect of individual differences on the association
between subclinical thyroid dysfunction and higher blood pressure
among men and women. Additionally, information on menopausal
status and hormone replacement therapy use was not available for the
present analysis; therefore, we could not exclude their potential
confounding effects. In addition, we did not have information on
the duration of this subclinical state or any data on the progression or
treatment of thyroid dysfunction. The natural history of subclinical
hypothyroidism is variable; thyroid function normalizes sponta-
neously in some subjects, whereas it progresses to overt hypothyroid-
ism in others. It is therefore possible that the increase in cardiac events
observed in the subclinical hypothyroidism group arose because of a
progression to overt hypothyroidism rather than simply because of the
subclinical hypothyroidism. Finally, any meta-analysis contains its
inherent limitations because it is based on the summary of previous
published sources and is limited by many factors; thus, cautious
interpretation of our results is recommended.

CONCLUSIONS

Our meta-analysis indicates that subclinical hypothyroidism is asso-
ciated with increased SBP and DBP. However, subclinical hyper-
thyroidism is not associated with increased SBP or DBP. Additional
prospective randomized studies are necessary to evaluate these
observations.
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