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Abstract
Background Subclinical hypothyroidism (SCH) has
been associated with increased carotid intima-media
thickness (C-IMT) in recent studies, but the effects of
levothyroxine (L-T4) therapy on C-IMT in SCH patients are
still controversial.
Aim To evaluate the effect of L-T4 therapy on endothelial
function as determined by C-IMT in patients with SCH.
Methods BeforeJuly 2016, we searched the PubMed,
Embase, Cochrane Library and Google Scholar databases,
selecting published randomised controlled trials (RCTs)
and self-controlled trials for the meta-analysis.
Results Three RCTs with 117 patients were considered
appropriate for the meta-analysis. The results of the metaanalysis indicated that L-T4 significantly decreased the
development of C-IMT (weighted mean difference (WMD)
−0.05 mm, 95% CI −0.08 to –0.01 mm; p=0.025). We
also analysed nine studies (self-controlled trials) with 247
patients and extracted the IMT of SCH patients before
and after L-T4 treatment. After L-T4 therapy, the pooled
estimate of the WMD of decreased C-IMT was −0.04 mm
(95% CI −0.07 to –0.02 mm; p=0.05). Subgroup analysis
showed that L-T4 therapy was associated with a decrease
in C-IMT among patients of mixed genders (WMD
−0.03 mm, 95% CI −0.06 to –0.01 mm; p=0.145). L-T4
therapy was associated with a decrease in C-IMT among
female patients (WMD −0.07 mm, 95% CI −0.14 to –0.01;
p=0.186). Longer treatment (>6 months) also resulted in
a significant decrease in C-IMT (WMD −0.05 mm, 95% CI
−0.08 to –0.02; p=0.335).
Conclusion This meta-analysis indicates that L-T4
treatment of SCH patients can reduce C-IMT, possibly as a
result of the reduction of total cholesterol, triglyceride, low
density lipoprotein, systolic blood pressure, diastolic blood
pressure, lipoprotein(a), and flow-mediated dilatation.
Decreased C-IMT was observed in SCH patients after
long-term (>6 months) L-T4 treatment. RCTs with larger
samples are needed to verify these observations.

Introduction
Subclinical hypothyroidism (SCH) is characterised by a normal range of free thyroxin
concentrations together with increased serum
thyroxin (thyroid stimulating hormone, TSH)

Strengths and limitations of this study
►► Strong

quality evidence on the effect of
levothyroxine (L-T4) therapy in patients from the
original studies in the literature, which required the
use of different methods of statistical analysis and
quality evaluation. Due to differing heterogeneity, we
adopted a different effect model. This embodies the
rigour of methodology.
►► We analysed other metabolic parameters to
determine the effect of L-T4 therapy in SCH.
►► The number of studies included was small, and
the overall population of these trials was not large.
Meta-analysis has moderate heterogeneity. It was
difficult to assess the effect of potential publication
bias, mainly due to the previous two factors.
►► We did not perform subgroup analysis on the level
of thyroid stimulating hormone (TSH) (the cutoff
value is 10 mU/mL to distinguish mild from severe
SCH) because the original studies did not perform
analyses according to TSH levels.
►► We did not perform subgroup analysis by mean age
(>65 or <65 years) because the mean age of all the
participants was <65 years.

levels. Recently, SCH was found in 5–10% of
the general population and 6–10% of women
(approximately 15% was found in women >60
years old), while the incidence in males was
2.4–3%.1 Although SCH is frequently asymptomatic, approximately 30% of patients have
symptoms indicative of thyroid hormone
deficiency.2 3 However, the clinical significance and therapeutic strategies of SCH are
controversial.
Carotid intima-media thickness (C-IMT)
is a generally acknowledged measure of
subclinical atherosclerotic alterations. It is
increasingly used to evaluate vascular function in clinical analyses to assess the efficacy
of interventions that reduce atherosclerosis
and related diseases.4 This parameter is listed
in the European guidelines for prophylaxis of

Zhao T, et al. BMJ Open 2017;7:e016053. doi:10.1136/bmjopen-2017-016053

1

BMJ Open: first published as 10.1136/bmjopen-2017-016053 on 22 October 2017. Downloaded from http://bmjopen.bmj.com/ on January 7, 2023 by guest. Protected by copyright.

Effect of levothyroxine on the
progression of carotid intima-media
thickness in subclinical hypothyroidism
patients: a meta-analysis

Open Access

Process of study selection. IMT, intima-media thickness; SCH, subclinical hypothyroidism.

cardiovascular disease, and 0.9 mm is the threshold value
for C-IMT. Progression of atherosclerosis is indicated
when the value of C-IMT is over the threshold.
A meta-analysis involving eight studies with 3602
participants found a relationship between SCH
and C-IMT, especially when TSH is >10.0 mIU/L. 5
Levothyroxine (L-T4) replacement therapy should be
used to treat patients with clinical hypothyroidism;
however, the treatment of SCH is complex. Several
placebo-controlled studies have shown the beneficial
2

effects of L-T4 therapy on early atherosclerotic alterations and cardiovascular hazard in patients with
SCH.6 7 Recently, in a large-scale retrospective cohort
study examining the efficacy of L-T4 replacement on
cardiovascular mortality, myocardial infarction and
all-cause death, no beneficial effects in patients with
SCH were found, except for patients <65 years old. 8
The purpose of the current study was to evaluate the
effect of L-T4 therapy on endothelial function as evaluated by C-IMT in patients with SCH.
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Quality assessment of the included studies.

Methods
Search strategy
Studies published in English were found in the Embase,
PubMed, Google Scholar and Cochrane Library electronic databanks up to June 2016. We identified studies
that measured IMT in patients with SCH before and
after treatment with L-T4. Studies were identified and
evaluated by two authors (TZ, BC) using the following
words (the following is an example for PubMed): (‘hypothyroidism’(MeSH Terms) OR ‘hypothyroidism’(All
Fields)) OR (subclinical(All Fields) AND (‘hypothyroidism’(MeSH Terms) OR ‘hypothyroidism’(All Fields))
AND (‘thyroxine’(MeSH Terms) OR ‘thyroxine’(All
Fields)) AND (‘carotid intima-media thickness’(MeSH
Terms) OR (‘carotid’(All Fields) AND ‘intima-media’(All
Fields) AND ‘thickness’(All Fields)) OR ‘carotid intima-media thickness’(All Fields) OR (‘carotid’(All Fields)
AND ‘intima’(All Fields) AND ‘media’(All Fields) AND

‘thickness’(All Fields)) OR (‘carotid intima media thickness’(All Fields)). For a thorough review of the literature,
we searched more studies by browsing the references of
the identified reports and review articles.
Criteria for study selection
Subjects with SCH have standard free thyroxin levels and
increased TSH levels. There is still controversy about the
TSH reference interval; several reviews have proposed a
TSH upper cut-off between 4.5 and 5.0 mIU/L,9 10 but
some experts suggest that peak TSH should be decreased
to 2.5–3.0 mIU/L. Because there are no consistent conclusions, no specific TSH cut-off was used to define SCH, but
all articles had a cut-off point from 3.6 to 5.5 mIU/L. To
be included, a study had to satisfy the following conditions: (1) reported SCH defined based on a thyroid
function test (normal free T4 and increased TSH); (2)
defined as a randomised controlled trial (RCT), which

Figure 3 Forest plots showing weighted mean differences (WMD, 95% CI) for improvement in carotid intima-media thickness
(C-IMT) comparing L-T4 treatment to the control in a fixed effects model. X-axis: negative values equal improvement in C-IMT.
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compared C-IMT in SCH patients in a L-T4 treatment and
control group, or a self-controlled trial, which compared
C-IMT values of a patient with SCH before and after L-T4
replacement therapy
Study selection
Two investigators independently screened both abstracts
and titles of the studies, and the studies were excluded
when they did not conform to the inclusion criteria or they
accorded with the exclusion criteria. Two investigators
independently extracted data from the papers. If there
was disagreement, a third reviewer was asked for advice.
Discrepancies were solved by unanimous agreement.
Data extraction
The following information is contained in the data
extraction table: (1) author; (2) year of publication; (3)
region; (4) sample size; (5) sample gender; (6) mean age
of the cohort; (7) definition of SCH; (8) duration of SCH;
(9) SCH detection method; (10) mean L-T4 dosage; (11)
duration of treatment; (12) thyroid function after treatment; (13) IMT assessment; (14) IMT values (mean and
SD) before and after treatment with the corresponding
treatment method.
Assessment of study quality
The quality of non-randomised studies was evaluated using
the MINORS method,11 which is based on the following
items: a stated aim of the study; inclusion of consecutive
patients; prospective collection of data; endpoint appropriate to the study aim; unbiased evaluation of endpoints;
Zhao T, et al. BMJ Open 2017;7:e016053. doi:10.1136/bmjopen-2017-016053

follow-up period appropriate to the major endpoint; and
loss to follow-up not exceeding 5%.
Methodological quality of the included RCTs was
assessed using the Cochrane Handbook for Systematic
Review of Interventions by several domains: generation
of random sequence; allocation concealment; blinding;
incomplete outcome date addressed; free of selective
reporting; free of other bias.
Statistical analysis
We represented the results as weighted mean differences
(WMDs) with 95% confidence intervals (CIs) for continuous variables. For continuous outcomes, if all reports
had uniform units of measurement (expressed as mm),
we showed the WMD and 95% CIs as the results. We evaluated statistical heterogeneity across the studies using
the Cochrane’s Q test (p<0.1 was statistically significant)
and the I2 test (I2 >50%: high heterogeneity; I2=25–50%:
moderate heterogeneity; I2 <25%: low heterogeneity).12
In 2011, Kulinskaya et al suggested a method based on
fractional degrees of freedom (df) which substantially
improves the original Χ2 distribution with s-1 df, where
this is the number of studies included in the meta-analysis.13 The pooled effect size was assessed with a random-effect model when significant statistically heterogeneity
was present; in contrast, we also selected a fixed-effect
model. A value of p<0.05 was considered significant. The
weighting of WMD in a fixed-effect model is inverse variance. However, the weighting of WMD in a random-effect model is the D-L method (DerSimonian and Laired
method).14 We assessed publication bias with Begg’s
5
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Figure 4 Forest plots showing weighted mean differences (WMD, 95% CI) comparing the value of carotid intima–media
thickness (C-IMT) before replacement and after treatment in a random-effect model. X-axis: negative values equal improvement
in C-IMT.
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correlation test and Egger’s regression method.15 Sensitivity analysis was carried out for all papers in addition
to the studies with boundary qualification. Pre-specified
subgroup meta-analyses were performed to assess the
between-study heterogeneity on the basis of the gender
of participants (female or genders) and duration of treatment (>6 months or ≤6 months). Among nine included
studies, three of them were RCTs and the remainder were
self-controlled trials. We performed statistical analysis of
three RCTs. The SCH treatment groups in three RCTs also
had information on the C-IMT values in the SCH patients
before and after treatment. We combined the SCH treatment groups of the RCTs with the other self-controlled
trials to perform statistical analysis in order to fully reveal
the effect of L-T4 treatment in SCH patients. Statistical
analyses were performed with STATA 11 for Windows.
Results
Study selection
Three RCTs7 16 17 (57 patients treated with L-T4 and 60
included in the control group) were selected for the
meta-analysis, with a total of 117 patients. A total of nine
publications7 16–23 with 247 SCH patients measured the
C-IMT before and after L-T4. We selected these studies
from among 107 potentially related articles (figure 1).
Baseline characteristics and study quality
The baseline characteristics of the included trials are
shown in table 1A,B. The duration of therapy with L–T4
ranged from 2 to 18 months, the patient count varied from
6

14 to 56 subjects, and the year of publication was from
2004 to 2016. Six trials included female and male patients,
and the other three only examined female patients. Based
on the type of original research, the methodological evaluation of study quality was different. We used MINORS to
assess the quality of the self-controlled trials. In general,
the included self-controlled trials were of moderate quality
(table 1). The results of RCT quality are shown in figure 2.
Progression of C-IMT in the follow-up and subgroup analysis
A total of three RCTs involving 117 patients were analysed. L-T4 treatment significantly decreased C-IMT
progression in SCH patients (WMD −0.05 mm, 95% CI
−0.08 to –0.01; p=0.025). The heterogeneity was very low
(I2=22.2%) (figure 3).
The nine self-controlled experiments compared the
value of C-IMT before replacement and after treatment. After L-T4 therapy, the thyroid function of all
patients was normalised from SCH, and then patient
IMT was measured again. Because clinical heterogeneity
was relatively high, we selected a random-effect model.
L-T4 therapy was associated with a mild but significant
decrease in the development of C-IMT (WMD −0.04 mm,
95% CI −0.07 to –0.02; p=0.050). The heterogeneity was
moderate (I2=48.3%) (figure 4).
Subgroup analyses stratified by gender revealed that L–
T4 therapy caused a significant decrease in C-IMT among
patients of mixed genders (WMD −0.03 mm, 95% CI
−0.06 to –0.01; p=0.145). The outcomes showed moderate
heterogeneity (I2=39.2%).
Zhao T, et al. BMJ Open 2017;7:e016053. doi:10.1136/bmjopen-2017-016053
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Figure 5 Subgroup analyses of carotid intima-media thickness (C-IMT) changes based on gender in a random effects model.
X-axis: negative values equal improvement in C-IMT. WMD, weighted mean difference.
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Table 2 Changes in metabolic parameters between pre-treatment and post-treatment
Parameters

No. of patients

Waist circumference (cm)
BMI (kg/m2)

66
152

Glucose (mmol/L)

WMD (95% CI)
−0.544 (-4.041 to 2.954)
−0.231 (-1.044 to 0.582)

p Value
0.761
0.577

48

0.090 (-0.109 to 0.289)

0.375

SBP (mm Hg)

109

−9.391 (-14.405 to -4.377)

<0.001

DBP (mm Hg)

109

−5.693 (-8.471 to -2.916)

<0.001

TC (mg/dL)

166

−9.037 (-16.635 to -1.439)

0.02

TG (mg/dL)

166

−9.842 (-18.763 to -0.921)

0.031

HDL (mg/dL)

166

−1.032 (-4.059 to 1.995)

0.504

LDL (mg/dL)

166

−14.303 (-19.133 to -9.472)

<0.001

FMD (%)

39

3.962 (2.636 to 5.289)

<0.001

ApoA (mg/dL)

37

−10.092 (-23.173 to 2.989)

0.131

ApoB (mg/dL)
LP(a) (mg/L)

37
34

−7.718 (-21.723 to 6.287)
−9.974 (-12.844 to -7.103)

0.28
<0.001

ApoA, apolipoprotein A; ApoB, apolipoprotein B; BMI, body mass index; DBP, diastolic blood pressure; FMD, flow-mediated dilatation; HDL,
high density lipoprotein; LDL, low density lipoprotein; Lp(a), lipoprotein(a); SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride;
WMD, weighted mean difference.

After L-T4 treatment, female participants with SCH
displayed a significant reduction in C-IMT (WMD
−0.07 mm, 95% CI −0.14 to –0.01; p=0.186). The heterogeneity was moderate (I2=40.5%) (figure 5). Subgroup
analyses were performed using the duration of L-T4
replacement. Except for one report, all trials had
Zhao T, et al. BMJ Open 2017;7:e016053. doi:10.1136/bmjopen-2017-016053

information on the length of the therapy. There was a
significant decrease in C-IMT in the patients with longterm (>6 months) treatment (WMD −0.05 mm, 95% CI
−0.08 to –0.02; p=0.335). The outcome showed low
heterogeneity (I2=12.3%). A non-significant reduction
was found in C-IMT in the participants with short-term
7
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Figure 6 Subgroup analyses of carotid intima-media thickness (C-IMT) changes based on duration of levothyroxine (L-T4)
replacement in a random effects model. X-axis: negative values equal improvement in C-IMT. Long study duration, duration of
L-T4 replacement >6 months. Short study duration, duration of L-T4 replacement ≤6 months. WMD, weighted mean difference.
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Changes in metabolic parameters
Table 2 indicates the changes in metabolic parameters
from pre-replacement to post-treatment. L-T4 therapy
was linked to significant reductions in total cholesterol
(TC), triglyceride (TG), low density lipoprotein (LDL),
systolic blood pressure (SBP), diastolic blood pressure (DBP), and lipoprotein(a) (LP(a)) and decreased
flow-mediated dilatation (FMD). There were no significant changes in body mass index (BMI), waist circumference, high density lipoprotein (HDL), apolipoprotein A
(ApoA), apolipoprotein B (ApoB) and glucose between
the pre-treatment and post-therapy conditions.
Sensitivity and publication bias evaluation
We conducted sensitivity analyses by sequentially eliminating one study to probe the change in the total WMD
and 95% CI of C-IMT. The results of three RCTs indicated
no variation in the direction of WMD when each publication was removed (online supplementary figure 1).
Neither Egger’s test (p=0.881) nor Begg’s test (p=0.602)
of C-IMT in SCH manifested publication biases (online
supplementary figure 2) and online supplementary figure
3). We also evaluate the sensitivity and publication bias
of the nine self-controlled trials. The results showed that
there was only a slight change in the WMD or 95% CI, and
no change in the direction of WMD when any one study
was omitted (online supplementary figure 4). Egger’s test
(p=0.458) and Begg’s test (p=0.602) of C-IMT in SCH
manifested publication biases (online supplementary
figure 5 and online supplementary figure 6).

Discussion
This meta-analysis indicated that L-T4 has beneficial
effects on the development of C-IMT. Decreased C-IMT
was also observed with longer treatment (>6 months). L–
T4 therapy of SCH participants also resulted in a significant reduction in TC, TG, LDL, SBP, DBP, LP(a), and
FMD.
The American Heart Association/American College of
Cardiology guidelines designated C-IMT along with coronary artery calcium (CAC) score as a class IIa recommendation for cardiovascular risk assessment in asymptomatic
adults at intermediate risk of cardiovascular disease. For
a 0.1 mm difference in C-IMT, the prospective risk of
myocardial infarction increased from 10% to 15%, and
the stroke risk increased from 13% to 18%.5 The result
showed that C-IMT in SCH patients can be reversed
by L-T4 replacement. The mechanism underlying the
L-T4-mediated decrease in C-IMT has not been fully
elucidated. TSH receptor (TSHR), hyperlipidaemia and
blood pressure may contribute to this result.
In SCH, the increased TSH is the only prominent
change, and increased TSH can bind with TSHR to
8

perform its function. Balzan et al24 revealed that microvascular endothelial cells produce TSHR, which may help to
elucidate this relationship. Recently, Tian et al25 published
a study to identify the potential function of TSHR and
showed that increased TSH aggravated endothelial
dysfunction. However, L-T4 can control the elevated TSH
by reversing the above-mentioned changes to reduce the
mean C-IMT.
Six out of 13 papers in a systemic review reported that
L-T4 treatment improved TC and LDL.26 An RCT with
the same conclusion further supported this hypothesis.8 Among four markers of hyperlipidaemia (TC, TG,
LDL, HDL), except for HDL, we observed non-significant differences between pre-treatment and post-replacement conditions, which is supported by a previous
study with similar findings.27 Reports by Kannel et al28
and Lewington et al29 showed that the TC/HDL ratio is
more important in the progress of coronary heart disease
than either TC or HDL alone. Although HDL concentration was not changed after restoration of euthyroidism
by L-T4 replacement in SCH patients in our study, L-T4
treatment altered the TC/HDL ratio. Hyperlipidaemia
promotes endothelial dysfunction because it can inhibit
the nitric oxide (NO) synthesis pathway in endothelial
cells.30 Meanwhile, a recent paper found that SCH can
cause endothelial dysfunction because of a decrease in
NO availability, which is partly independent of dyslipidaemia, and L-T4 supplementation can reverse endothelial dysfunction.31 Thus, we found that SCH not only
results in endothelial dysfunction but is also an independent risk factor for dyslipidaemia, which then further
amplifies endothelial dysfunction. L-T4 treatment of SCH
patients can reduce these effects.
A meta-analysis showed that blood pressure was an
independent risk factor for C-IMT.32 Recently, another
meta-analysis demonstrated that SCH is linked to higher
SBP and DBP.33 We know little about the mechanism
of SCH-associated hypertension; nevertheless, hypothyroidism increases vascular resistance, and enhances
blood pressure, salt sensitivity and abnormal sodium
metabolism, which may promote the development of
hypertension.
For the short duration (≤6 months) subgroup, an
insignificant difference in C-IMT was observed after
treatment. Meanwhile, mean C-IMT in SCH subjects
undergoing long-term treatment significantly increased
compared with that in the pre-treatment condition. This
phenomenon was confirmed in our clinical observation. The major reason is that the duration of treatment
is too short to improve C-IMT. The rate of progression
of IMT in the common carotid artery was approximately
0.01 mm/year.
For stratification by gender, we find a significant
difference in female patients between pre-replacement
and post-replacement. Meanwhile, for the mixed gender
subgroup, mean C-IMT was significantly reduced after
treatment. Although the prevalence of SCH is a little
different between women and the general population,
Zhao T, et al. BMJ Open 2017;7:e016053. doi:10.1136/bmjopen-2017-016053
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(≤6 months) replacement therapy (WMD −0.04 mm,
95% CI −0.08 to 0.01; p=0.015). The heterogeneity was
high (I2=71.3%) (figure 6).
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Limitations
The number of studies included in this meta-analysis was
small, and the overall population of these trials was not
large. Meta-analysis has moderate heterogeneity. Difficult
assessment of the potential publication bias was mainly
due to the previous two factors. Additionally, we did not
perform subgroup analysis according to the level of TSH
(the cut-off value is 10 mU/mL to distinguish mild SCH
and severe SCH) because the original studies did not
perform analyses according to the level of TSH. Finally,
we did not perform subgroup analysis by mean age
(>65 or <65 years) because the mean age of all the participants was below 65 years.

Conclusion
Our study suggests that C-IMT in SCH patients can be
reversed by L-T4 replacement. Hyperlipidaemia and
hypertension may improve after L-T4 therapy. Long
L-T4 replacement duration (>6 months) is more useful
compared with short-term duration for improving C-IMT
in SCH patients. Therefore, L-T4 supplementation can
prevent or inhibit the progression of atherosclerosis, at
least in SCH patients. RCTs with a larger sample size are
needed to confirm these findings.
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