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Abstract Subclinical thyroid dysfunction has been asso-

ciated with coronary heart disease, but the risk of stroke is

unclear. Our aim is to combine the evidence on the asso-

ciation between subclinical thyroid dysfunction and the

risk of stroke in prospective cohort studies. We searched

Medline (OvidSP), Embase, Web-of-Science, Pubmed

Publisher, Cochrane and Google Scholar from inception to

November 2013 using a cohort filter, but without language

restriction or other limitations. Reference lists of articles

were searched. Two independent reviewers screened

articles according to pre-specified criteria and selected

prospective cohort studies with baseline thyroid function

measurements and assessment of stroke outcomes. Data

were derived using a standardized data extraction form.

Quality was assessed according to previously defined

quality indicators by two independent reviewers. We

pooled the outcomes using a random-effects model. Of

2,274 articles screened, six cohort studies, including 11,309

participants with 665 stroke events, met the criteria. Four

of six studies provided information on subclinical hyper-

thyroidism including a total of 6,029 participants and five

on subclinical hypothyroidism (n = 10,118). The pooled

hazard ratio (HR) was 1.08 (95 % CI 0.87–1.34) for sub-

clinical hypothyroidism (I2 of 0 %) and 1.17 (95 % CI

0.54–2.56) for subclinical hyperthyroidism (I2 of 67 %)

compared to euthyroidism. Subgroup analyses yielded

similar results. Our systematic review provides no evidence

supporting an increased risk for stroke associated with

subclinical thyroid dysfunction. However, the available

literature is insufficient and larger datasets are needed to

perform extended analyses. Also, there were insufficient

events to exclude clinically significant risk from subclinical

hyperthyroidism, and more data are required for subgroup

analyses.

Keywords Subclinical hypothyroidism � Subclinical

hyperthyroidism � Stroke � Systematic review � Meta-

analysis

Introduction

Thyroid disease has been associated with several metabolic

disorders as well cardiovascular disease [1, 2] and cardio-

vascular mortality [3, 4]. The cardiovascular system is one
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of the main targets of thyroid hormones, which decrease

systemic vascular resistance [5], alter systolic and diastolic

cardiac function [4] and directly increase cardiac contrac-

tility and heart rate [6]. They also have effects on several

cardiovascular risk factors including changed lipid profile

[7] and increased risk of atrial fibrillation and other

supraventricular arrhythmias [8]. Many of these effects are

also seen in subclinical thyroid dysfunction [9].

Subclinical thyroid dysfunction is defined by serum

thyroid stimulating hormone (TSH) values outside the

reference range, but with normal concentrations of free

thyroxine (T4), as well as free triiodothyronine (T3) in the

case of subclinical hyperthyroidism [10, 11]. The reference

ranges depend on several factors including the thyroid

function assay used [10] and iodine status of the population

[12]. Thyroid dysfunction in the subclinical range is very

common, with a prevalence of subclinical hypothyroidism

varying between 4 and 14 % in adults [13–15] which

increases with age [14]. Subclinical hyperthyroidism is less

common in the general population with a prevalence

ranging from 0.7 % [16] up to 10 % in women [17].

Two meta-analyses of individual participant data of

prospective cohorts showed an increased risk of coronary

heart disease in subclinical hypothyroidism [18], as well as

subclinical hyperthyroidism [19]. Stroke, which is world-

wide the second most common cause of death and one of

the leading causes of disability [20], shares many of the

same risk factors as other cardiovascular disease, including

high blood pressure, high cholesterol, obesity and atrial

fibrillation. The link between overt hyperthyroidism and

atrial fibrillation [2] and ischemic stroke has been estab-

lished, even in young adults [21]. The association between

overt hypothyroidism, atrial fibrillation and cardioembolic

stroke has been suggested, but is not established [2, 22].

While subclinical thyroid dysfunction influences several of

the mentioned cardiovascular risk factors, there remains

debate to what extent this actually affects stroke risk [9].

Prior studies assessing this association are few, with con-

flicting outcomes and have never been systematically

analyzed. With this meta-analysis, we aim to determine

whether subclinical thyroid dysfunction is associated with

an increased risk of stroke in prospective cohort studies.

Materials and methods

Eligibility criteria

We searched for published studies of prospective cohorts

that satisfy the following criteria: (1) measurement of

thyroid function at baseline in subjects above the age 18,

(2) assessment of stroke and/or transient ischemic attack

(TIA) outcomes (3) inclusion of subclinical thyroid

dysfunction group and a comparison group with euthy-

roidism and (4) evaluation of the association of altered

thyroid function on stroke providing a measure of this

association with either a risk ratio, odds ratio or hazard

ratio. We excluded studies including participants with only

overt thyroid disease or only participants taking thyroid-

function altering medication, or with only stroke and/or

TIA patients. We did include studies with a proportion of

participants taking thyroid function altering medication. In

prospective cohort studies this will probably not exceed

10 % of the studied population. We did however conduct a

sensitivity analysis excluding those studies. Our outcome

of interest was fatal and non-fatal stroke.

Study search and identification

We conducted a systematic literature search for studies on

the association between subclinical thyroid dysfunction

and stroke published between earliest inception and

November 2013 in several databases (Supplemental

Material). The databases searched were: Medline

(OvidSP), Embase, Web-of-Science, Pubmed Publisher,

Cochrane and Google Scholar. We used a cohort filter

designed by BMJ Evidence Centre information specialists

[23] to select prospective studies for both the Medline as

well as the Embase database, but not for the other dat-

abases. Filters for observational studies have shown to

perform well in Medline and Embase with a sensitivity of

[99 % and reduce the amount of retrieved articles up to

30 % [24]. We did not use any other filters or restrictions

including language restrictions. In addition, we searched in

other sources including bibliographies of key articles in the

field and those included in this review.

Study selection

Two reviewers (LC, CB) screened the abstracts and titles of

the search results independently and in duplicate. Articles

of prospective cohorts studying the association between

subclinical thyroid dysfunction and stroke and/or TIA were

included. When potentially eligible studies were retrieved,

the full text publications were evaluated according to the

eligibility criteria. The inter-reviewer agreement was cal-

culated according to the kappa-statistic (j), which was fair

to good (j = 0.61) for abstract and title, and excellent

(j = 1.0) for full-text screening. Disagreements were

resolved by either consensus or discussion with a third

independent reviewer (RP).

Subclinical hypothyroidism was defined as an elevated

TSH and normal free T4 (FT4), subclinical hyperthyroid-

ism as a decreased TSH and normal (F)T4/T3. We used

TSH and (F) T4/T3 -cutoffs as reported by each cohort

separately.
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Data collection and quality assessment process

Standardized data collection forms were used to extract

data from the individual cohorts of the included studies

concerning participant characteristics, used reference ran-

ges for thyroid function measurements, including the

minimally and maximally adjusted HR’s for the outcome

events of interest, types of analysis and covariates adjusted

for (Table 1). The correctness of the abstracted information

was confirmed by a second reviewer (RP) and corrected

and/or completed where needed.

Two independent reviewers assessed study quality using

previous criteria for the assessment of key indicators of

cohort study quality [25]. The components assessed were:

(1) whether the study was population based, (2) whether

the study had a formal adjudication procedures for stroke

defined as having clear criteria for the outcome that were

reviewed by experts for each potential case, (3) which

methods were used for stroke ascertainment, (4) which if

any adjudication was performed without knowledge of

thyroid status, (5) what was the loss of follow-up and (6)

what were the adjustments for the multivariate analysis, if

any. We also assessed study quality using the Newcastle

Ottawa Scale (NOS) for cohort studies [26]. Two reviewers

(LC, CB) rated all studies for quality and any disagreement

was resolved by a third reviewer (OF).

Statistical analysis

We used the most adjusted HRs and 95 % confidence

intervals (CI) available provided by the included studies as

the primary analysis. We used the random-effects method

by DerSimonian and Laird [27] to assess the pooled esti-

mates and 95 % CIs of the risk of subclinical hypothy-

roidism and hyperthyroidism on stroke. In addition we also

conducted a fixed-effect analysis for comparison. We used

the Cochrane Q test and I2 index with a conservative

p value of 0.10 to evaluate heterogeneity across individual

studies [28]. I2 values of\25 % indicate low, 25 and 50 %

moderate and [50 % high heterogeneity. We also evalu-

ated publication bias visually through funnel plots and

statistically with an Egger test [29]. For the analyses we

used Review Manager (RevMan) Version 5.2. Copenha-

gen: The Nordic Cochrane Centre, The Cochrane Collab-

oration, 2012. To explore sources of heterogeneity, we

planned sensitivity analyses to exclude non-population

based studies, exclude studies including a proportion of

levothyroxine users, including only studies with a adjudi-

cation procedure, including studies with (F)T4/T3 mea-

sured in all participants and a sensitivity analysis using

only the minimally adjusted HRs. We also planned sub-

group analyses stratifying for different age groups, gender,

TSH levels.T
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Results

Study selection

We identified 3,095 reports, of which 2,274 remained after

removing duplicates (Fig. 1). We excluded 2,258 based on

the title and abstract as they were unrelated to the associ-

ation between subclinical thyroid dysfunction and stroke.

Of the remaining 16 articles, we excluded 10 articles

because they did not meet inclusion criteria after full-text

screening, leaving six reports that met the eligibility cri-

teria and were included in further qualitative and quanti-

tative analyses.

Study characteristics

The 6 studies selected for the analysis enrolled 11,309

participants in total (Table 1) and included 665 stroke

events. The included studies were from Europe, Japan and

the USA. Out of the six studies, five studies provided

information on subclinical hypothyroidism analyzing a

total of 10,118 participants with 620 stroke events, and four

studies provided data on subclinical hyperthyroidism ana-

lyzing a total of 6,029 participants with 301 stroke events.

The mean age ranged from 58.5 up to 74.7 years at base-

line, while the overall mean age was 69 years. Out of the 6

cohorts, 3 excluded participants with thyroid-altering

medication and three studies measured T4 (and/or T3) only

in abnormal TSH values. None of the studies evaluated

stroke as a primary outcome and none specified the type of

stroke. The percentage of subclinical thyroid dysfunction

varied across studies ranging from 1.5 % to 5.9 % for

subclinical hyperthyroidism and from 5.1 to 15.3 % in

subclinical hypothyroidism. The TSH cut-offs for subclin-

ical hyperthyroidism ranged between 0.1 and 0.6 mIU/L

and for subclinical hypothyroidism between 4.0 and

5.0 mIU/L. The follow-up duration varied from 4 years up

to 12.5 years. All studies except for one [30] used a second

or third generation TSH-assay. The first-generation TSH-

assay used by this study is insufficiently sensitive to detect

a TSH in the range of subclinical hyperthyroidism. How-

ever, the Nagasaki Study did not provide information on

subclinical hyperthyroidism and was only included in the

subclinical hypothyroidism analysis.

Fig. 1 Flow chart for study

inclusion; adapted from

PRISMA statement
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Quality assessment

Five out of the six studies were population based and one

study was a randomized clinical trial (Table 1). Three

studies had formal adjudication procedure for stroke of

which 2 studies also reported adjudication without

knowledge of thyroid status. The studies with no formal

adjudication procedure used the International Classification

of Diseases (ICD) to ascertain stroke outcomes. None

except for one cohort [31] reported loss to follow-up and

all but one [31] reported HR adjusted for covariates

(Supplemental Material Table S1). The studies showed

similar scores on the NOS assessment scale overall, but

scored differently on the separate quality item (Supple-

mental Material Table S2). As an overall quality check and

in order to ensure transparent reporting of this systematic

review and meta-analysis, the PRISMA guidelines were

followed and the PRISMA checklist is provided (Supple-

mental Material Table S3).

Subclinical hyperthyroidism and stroke

Of the 6 included studies, 4 provided data on subclinical

hyperthyroidism and the risk of stroke. Two studies

included in this analysis [31, 32] showed an increased risk,

with one study providing an adjusted HR reaching statis-

tical significance with a HR 3.39 (95 % CI 1.15–10.00)

[32]. The two other studies showed a statistically non-

significant decreased risk for stroke associated with sub-

clinical hyperthyroidism [33, 34] (Table 2). The overall

pooled estimated HR using a random effects model showed

no association of subclinical hyperthyroidism with stroke

with a HR of 1.17 (95 % CI 0.54–2.56) and substantial

heterogeneity (Q-statistic p value \0.05 and I2 of 67 %,

Table 2 Stratified and sensitivity analyses of the association between subclinical thyroid disease and the risk of stroke

Subclinical hyperthyroidism Subclinical hypothyroidism

Pooled HR

(95 % CI)

No. of

studies

p for

heterogeneity*

Pooled HR

(95 % CI)

No. of

studies

p for

heterogeneity*

Eligible study model

Random effects 1.17 (0.54–2.56) 4 0.03 1.08 (0.87–1.34) 5 0.70

Fixed effects 1.05 (0.67–1.63) 4 0.03 1.08 (0.87–1.34) 5 0.70

Definition of subclinical hyperthyroidism

TSH cutoff \0.45 mIU/L 1.33 (0.23–7.69) 2 0.008 NA NA NA

Exclusion of studies with thyroxine usersa 1.09 (0.43–2.74) 2 0.14 1.03 (0.81–1.31) 2 0.36

Measurement of T4 in allb 1.33 (0.23–7.69) 2 0.008 1.20 (0.45–3.19) 3 0.63

Stratified by mean age at inclusion in the cohorts**

\65 years NA NA NA 1.90 (0.50–7.29) 1 NA

C65 years 1.17 (0.54–2.56) 4 0.03 1.07 (0.86–1.32) 4 0.67

\70 years 1.33 (0.23–7.69) 2 0.008 1.20 (0.45–3.19) 3 0.63

C70 years 1.09 (0.43–2.74) 2 0.14 1.10 (0.84–1.43) 2 0.27

Adjustments

Minimally adjusted resultsc 1.26 (0.65–2.47) 4 0.07 1.06 (0.86–1.31) 5 0.68

Characteristics of study quality

Formal stroke adjudication procedures 0.63 (0.36–1.10) 2 0.71 1.09 (0.88–1.35) 4 0.56

Excluding studies

One study that was not population based 1.54 (0.62, 3.83) 3 0.06 1.09 (0.88–1.35) 4 0.56

One study as an outlier in funnel plot 0.85 (0.44, 1.65) 3 0.16 1.09 (0.88–1.35) 4 0.56

NA not applicable
a Studies that excluded thyroid hormone recipients were included in this analysis
b these studies measure T4 or T3 only in higher and/or lower TSH levels
c Adjusted for the least amount of covariates per study

* p [ 0.10, ratios are homogeneous; ** p for interaction: for age threshold 70 in subclinical hypothyroidism 0.25, in subclinical hyperthyroidism

0.88, age threshold 65 in subclinical hypothyroidism 0.23
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Fig. 2a). Sensitivity analyses excluding studies without

formal stroke adjudication procedures, not population

based or including participants on levothyroxine yielded

similar results (Table 2).

Subclinical hypothyroidism and stroke

In the five studies that included results on the effect of

subclinical hypothyroidism on the risk of stroke the pooled

HR was 1.08 (95 % CI 0.87–1.34) without evidence for

heterogeneity (p value of 0.70, I2 of 0 %) (Fig. 2b). The

results were mainly due to the large weight (75 %) of one

particular study. Sensitivity analyses did not show any

relevant difference in the results, except stratifying by age

with a higher risk in the population aged \65 years (HR

1.90, 95 % CI 0.50–7.29), but with only one study con-

tributing with participants with a mean age below 65 years

old.

Subgroup and sensitivity analyses

Pre-specified subgroup analyses were performed on dif-

ferent age categories, different cut-off points for TSH

levels as well as the inclusion of levothyroxine users in the

study and showed no significant differences. Due to the

lack of data, no subgroup analysis on gender could be

performed (Table 2). Sensitivity analysis using only min-

imally adjusted HRs did not alter the risk estimates sub-

stantially (Table 2).

Evaluation of publication bias

Neither the visual assessment of the funnel plots (Supple-

mental Material Figure S1) nor the Egger test (p = 0.76)

showed signs for publication bias for the association

between subclinical hypothyroidism and the risk of stroke.

However the Egger test did show significant publication

bias for the analysis on subclinical hyperthyroidism

(p = 0.003). Furthermore, the funnel plots for subclinical

hyperthyroidism and risk of stroke also showed publication

bias with the Frederiksberg study being a possible outlier.

Excluding this study in a sensitivity analysis yielded dif-

ferent risk estimates for subclinical hyperthyroidism,

slightly reducing statistical heterogeneity (Table 2). The

results for subclinical hypothyroidism did not change by

this additional analysis.

Discussion

In our systematic review and meta-analysis we did not

find evidence supporting an increased risk of stroke in

participants with subclinical thyroid dysfunction. This is

in line with previous studies that found no association

between subclinical hyperthyroidism and stroke [19, 35]

or subclinical hypothyroidism and stroke [35, 36]. The

number of studies retrieved was low and the study

quality (assessed by scoring key indicator of quality and

the NOS scale) was heterogeneous with few studies

reporting adjudication of the outcome without prior

knowledge of the thyroid status. Five studies adjusted for

at least age and sex, but all studies included a different

number of additional covariates for both minimal as

maximal adjustment making them hard to compare. For

example, only three out of the six studies corrected for

smoking status [30, 33, 37], while smoking is associated

with both stroke as with thyroid disease [38]. Smoking is

negatively associated with hypothyroidism and positively

associated with hyperthyroidism with current smokers

having lower levels of TSH [38]. It has even been

Fig. 2 Forest plots for

subclinical thyroid disease and

risk of stroke. a Subclinical

hyperthyroidism and stroke.

b Subclinical hypothyroidism

and stroke. Overall hazard ratios

are displayed as diamonds. The

forest plots are ordered by study

weight. 4D = Die Deutsche

Diabetes Dialyse Studie, CHS =

Cardiovascular Health Study,

HABC = Health, Aging and

Body Composition study
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suggested that smoking might mediate the associations

found between thyroid function and BMI [39].

Stroke shares many of the same risk factors with other

cardiovascular diseases. Subclinical hyperthyroidism sig-

nificantly increases the risk of atrial fibrillation, as dem-

onstrated in an individual participant level meta-analysis

by Collet et al. [19]. In subclinical hypothyroidism, rele-

vant changes in low-density lipoprotein cholesterol (LDL-

cholesterol) were seen, mainly with a TSH higher than

10 mIU/L [40]. Although the association between sub-

clinical thyroid dysfunction and various risk factors for

stroke have been established, the risk of stroke in sub-

clinical thyroid dysfunction remains unclear.

This is the first systematic review and meta-analysis on

the association between subclinical thyroid dysfunction

and the risk of stroke. We conducted an extensive literature

search in several electronic databases with as little limita-

tions as possible in order to retrieve the maximum amount

of literature available on the topic. However, the number of

retrieved papers was still small, revealing a scarcity of

literature on this issue. Moreover almost all studies were

conducted in populations of 65 years or older, limiting the

generalizability to other populations. The only study with a

younger population looking at subclinical hypothyroidism

found an increased risk with a hazard ratio of 1.90, even

though statistically not significant [30]. Looking at differ-

ent age groups would be of special interest as previous

studies evaluating the association between subclinical

thyroid dysfunction, cardiovascular disease and mortality

suggest an age dependent effect [25, 41]. Another impor-

tant limitation is the lack of information on different TSH

levels. Previous studies showed an association between

different TSH levels and the risk of cardiovascular disease

[18] and cardiovascular mortality [19]. Only one study [37]

in our meta-analysis included different TSH-levels in the

analysis, showing no clear dose–response relation. Only

two [32, 33] out of the four studies included in the sub-

clinical hyperthyroidism analysis provided information on

atrial fibrillation, which did not allow for stratification. We

were not able to explore age-related nor TSH level asso-

ciated risks of stroke in subclinical thyroid dysfunction in

our meta-analysis, due to limited data. Also, we were not

able to stratify for follow-up time, in order to take into

account the time between exposure and outcome, due to the

difference in definition of follow-up time (Table 1). Fur-

thermore, we were not able to take possible treatment

during follow-up into account, neither did we have infor-

mation on the progression of the thyroid function or thy-

roperoxidase (TPO) autoantibody status of participants.

Finally, (Free)T3 was not measured or taken into account

in all studies, allowing for possible misclassification of

subclinical hyperthyroidism, which might have been the

case in two studies [31, 33].

All included studies evaluated stroke as a secondary

outcome next to other cardiovascular diseases and deaths

or total mortality. This is reflected by the lack of subgroup

analyses per cohort and the inability of our study to stratify

for different possible risk populations, such as gender

specific analyses. For the subclinical hyperthyroidism

analysis we found statistically significant heterogeneity,

complicating the interpretation of the meta-analysis results.

Reference ranges differed substantially between the indi-

vidual studies, especially for subclinical hyperthyroidism,

with lower limits of TSH ranging from 0.1 to 0.6 mIU/L.

This might be one of the reasons for heterogeneity. Another

reason might be the underlying differences in populations

ranging from healthy volunteers [32] to patients on he-

modialysis [34] and from multiracial [33, 37] to a solely

Asian population [30], leading to possible selection bias. In

order to examine the issue of heterogeneity in the sub-

clinical hyperthyroidism analysis, we conducted sensitivity

and subgroup analyses, which led to a reduction in heter-

ogeneity by excluding studies that included levothyroxine

users, including studies with formal stroke adjudication

procedures only and stratifying by age (e.g. cut-off at

70 years of age). However, these analyses included no

more than 2 studies and none reached statistical signifi-

cance for the outcome measure. Furthermore, the visual

assessment of publication bias, showed no evidence for

publication bias for the analysis on subclinical hypothy-

roidism but some for subclinical hyperthyroidism. This

remains a concern in meta-analyses, especially when only a

small number of studies are retrieved.

While we could not provide evidence for an effect of

subclinical thyroid dysfunction on the risk of stroke, these

results should be interpreted with caution. Thyroid dys-

function, even in the subclinical range gives rise to several

cardiovascular risk factors. In subclinical hypothyroidism

some seem to be reversible if treated with levothyroxine

[42, 43]. Furthermore, restoring thyroid function with

levothyroxine treatment in subclinical hypothyroid indi-

viduals showed a reduction of almost 10 % of the carotid

artery mean intima media thickness (IMT) [44]. As IMT

has shown to be a risk factor of cardiovascular disease and

stroke [45], this decline in IMT might also result in a

decreased risk of stroke. Also, the association between

subclinical hyperthyroidism and atrial fibrillation has been

clearly demonstrated [19] and therefore an association

between subclinical hyperthyroidism and stroke could be

presumed. However, we were not able to demonstrate this

expected risk increase in our meta-analysis for subclinical

hyper- nor for hypothyroidism. This might be due to the

limited number of populations evaluated and gathered

(hence the lack of power) by the included studies, not

representing specific populations at risk. Treatment of

subclinical thyroid dysfunction in relation to
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cardiovascular disease is still controversial and highly

debated. Consensus guidelines have advocated treatment of

subclinical hyperthyroidism but only in the elderly or

patients with cardiac risk factors, heart disease or osteo-

porosis [46]. Levothyroxine treatment has shown to

improve several subclinical cardiovascular disease mark-

ers, e.g. IMT and endothelial dysfunction [43, 47, 48], in

subclinical hypothyroidism, but no large controlled trials

have been performed to evaluate the effect in preventing

cardiovascular events. Moreover, there are concerns about

the risk of overtreatment, as population-based studies

reported that among patients treated with thyroid medica-

tion, only 60 % were within the normal biochemical range

of TSH with more than one fifth having a TSH level that

was suppressed below normal [15]. Randomized clinical

trials, like the ongoing IEMO 80 ? Thyroid Study and

Thyroid Hormone Replacement for Subclinical Hypothy-

roidism (TRUST) trial (ClinicalTrials.gov Identifier:

NCT01660126), are expected to give more insight into the

benefit of treatment in the general population as well as

specific subgroups.

In summary, we found no association between subclin-

ical thyroid dysfunction and the risk of stroke. However,

the available literature is insufficient and more research is

needed. Future studies should focus on the association

between subclinical thyroid dysfunction and the risk of

stroke as a primary outcome and be adequately powered to

conduct subgroup analyses including different age groups,

TSH levels and gender differences.
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