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Abstract 

Objective  To investigate (1) whether the association of thyroid hormone with frailty risk is linear or nonlinear and (2) 
which range of thyroid hormones or thyroid stimulating hormone (TSH) is more associated with a higher risk of frailty 
in older adults.

Design  Systematic review and dose–response meta-analysis.

Methods  Medical electronic databases were searched for cross-sectional or longitudinal studies, published 
from database inception to February 2022. We focused on the relationship between TSH and frailty. Data on TSH refer‑
ence range, TSH exposure categories, sample size of each exposure category, and adjusted odds ratios (ORs) for frailty 
with 95% confidence interval (CI) were extracted. In the dose–response meta-analysis, we set the OR for frailty as 1 
at 0.3 mIU/L TSH.

Results  The systematic review included 10 studies, whereas the meta-analysis included 3 studies (n = 6388). TSH 
levels ranged from 0.3 to 4.8 mIU/L, and the dose–response meta-analysis revealed a significant J-shaped association 
(p = 0.0071). Frailty OR (95% CI) increased from 1.30 (1.06–1.59) for 2.7 mIU/L TSH to 2.06 (1.18–3.57) for 4.8 mIU/L TSH.

Conclusions  A significant nonlinear, J-shaped association was noted between TSH level and frailty. TSH levels 
within the upper half (2.7–4.8mIU/L) of reference range was noted to significantly higher risk of frailty; by contrast, 
those in the lower half (0.6–1.5 mIU/L) had a lower risk of frailty, though not significantly so.

Trail registration  This systematic review was registered with PROSPERO (registration number: CRD42022299214).
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Introduction
Frailty is characterized by loss of biological reserves 
across multiple organ systems, failure of homeostatic 
mechanisms, and vulnerability to physiological decom-
pensation after minor stressor events [1]. In people 
aged > 65 and > 85 years, frailty prevalence is approxi-
mately 10% and 25%–50%, respectively [2]. The major 
frailty models are the phenotype model [3] and the 
cumulative deficit model [4]. The frailty phenotype 
includes five domains: unintentional weight loss, self-
reported exhaustion, low energy expenditure, slow gait 
speed, and weak grip strength [3]. The frailty status is 
categorized by the number of domains: robustness (no 
domain), pre-frailty (one or two domains), and frailty 
(three or more domains). The frailty index is defined by 
baseline variables such as signs and symptoms, abnor-
mal laboratory profiles, disease states, and disabilities; it 
is simply calculated based on the presence or absence of 
each variable as a proportion of the total, scored from 0 
to 1 [4]. The two aforementioned models, although dif-
ferent, can be considered complementary. The frailty 
phenotype, a categorical outcome, is based on clinical 
signs and symptoms and can be applied at the first con-
tact with the affected individuals. Although the frailty 
index is available only after a comprehensive clinical 
assessment, its’ continuous trait makes it more predic-
tive in severity and more sensitive to intervention or 
follow-up [5].

The endocrine system is considered a key system 
involved in frailty through complex interrelationships 
with the brain, immune system, and skeletal mus-
cles. Thyroid hormone signaling is required for skel-
etal muscle contractile function, metabolic processes, 
myogenesis, and regeneration [6]. Thyroid hormone 
levels change with age: thyroid stimulating hormone 
(TSH) levels increase, free triiodothyronine (fT3) lev-
els decrease, and free thyroxine (fT4) levels remain sta-
ble [2]. Changes in TSH and fT3 levels with aging are 
associated with alterations in signaling pathways and 
nutritional status, and the resulting cumulative illness 
may be linked to alterations in muscle metabolism and 
structure [7]. Loss of muscle mass and strength with 
aging, defined as sarcopenia, leads to physical func-
tion loss. The aforementioned conditions are consistent 
with the definition of frailty [2].

To the best of our knowledge, no systematic review 
nor any meta-analysis has discussed the association 
between thyroid hormones and frailty. Most of the 
included cross-sectional studies only modeled linear 
relationships, and these linear models disagreed with 
regard to the direction of correlation; only one study 
[8] demonstrated a J-shaped association of thyroid hor-
mone with frailty. Considering the close relationship 

between sarcopenia, a key component of frailty, and 
thyroid hormones, Szlejf et  al. reported a cross-sec-
tional study involving 6974 participants [7]. Their 
results revealed that subclinical thyroid dysfunction is 
not associated with sarcopenia and its defining compo-
nents; however, in older adults, TSH ranged from 0.4 to 
4 mIU/mL exhibited a U-shaped association with sar-
copenia and low muscle strength. This study focuses on 
the broader concept of frailty, recognizing that while 
sarcopenia plays a significant role, frailty encompasses 
a wider range of health deficits.

Therefore, understanding the association between thy-
roid hormone levels and the risk of frailty in older indi-
viduals is essential. This study aims to investigate (1) 
whether the association of thyroid hormone level with 
frailty risk is linear or nonlinear and (2) which range of 
thyroid stimulating hormone (TSH) levels is more associ-
ated with a higher risk of frailty in older adults.

Methods
Study selection and search method
This study was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses standards [9]. Two authors WCC and STW 
conducted an electronic database search of Pub-
Med, Embase, Web of Science, EBSCOhost, and the 
Cochrane Library for English-language articles on both 
thyroid hormone and frailty published from database 
inception to February 2022. Observational studies and 
which study population aged over 50 were included in 
this study. During full-text assessment, we included 
cross-sectional and longitudinal studies in qualita-
tive study. However, none of the longitudinal studies 
met the data requirements for the meta-analysis. We 
excluded animal studies, studies discussing only thy-
roid autoantibodies, review studies, and non-English 
studies. Any disagreements between the two aforemen-
tioned authors were resolved through discussion with a 
third author (YCC).

To address this question, we formulated our research 
question using the PICO format and its MeSH term: 
Population (older adults), Intervention (thyroid hormone 
levels), Comparison (different levels of thyroid hormones 
or TSH), and Outcome (frailty). Figure 1 and Supplemen-
tary Table 1 presents the study selection process and the 
detailed search strategy, respectively.

Data extraction and assessment of risk of bias
First author, publication year, study design, country, total 
number of participants, mean participant age and standard 
deviation, thyroid hormone outcome details, frailty defi-
nition, adjusted confounding factors and the main result 
were extracted from the included studies by two authors 
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WCC and STW. We also emailed the author of included 
article for retrieving data. The quality of each study was 
assessed using Quality Assessment Tool for Observational 
Cohort and Cross-Sectional Studies from National Heart, 
Lung, and Blood Institute (NHLBI) [10]. Publication bias 
across individual studies was assessed by Egger’s test.

Statistical analysis
For the meta-analysis, we focused on the relationship 
between TSH and the odds ratio (OR) for frailty, which 
was defined based on the frailty phenotype. For quantita-
tive analysis, we extracted reference ranges of TSH levels, 
TSH exposure categories, sample sizes of the individual 
exposure categories, adjusted ORs for frailty with their 
95% confidence interval (CI), and confounding factors for 
multivariable analysis. If the total number and the num-
ber of cases by TSH exposure categories could not be 
extracted directly, we estimated them based on the total 
number of included cases and the prevalence of frailty. 
The calculations are detailed in Supplementary Table  2. 
To reduce the influence of the confounding factors, the 
effect sizes were extracted from the adjusted ORs. We 
only extracted the data at the first assessment, rather than 
at the follow-up assessment.

The ORs (95% Cis) were pooled using the random-
effects model. Statistical heterogeneity among studies 
was assessed using the Q and I2 tests, and an I2 of > 50% 
was considered to indicate considerable heterogeneity 
based on Cochrane handbook [11]. The weighting of 

each study was calculated using the standard error of 
log-transformed ORs with the inverse variance method. 
We standardized the varying TSH exposure categori-
zations across different studies by dividing TSH levels 
into low, intermediate, and high groups. The “interme-
diate group” refers to the group with TSH levels falling 
between the low and high TSH groups. Because of the 
possibility of a J-shaped association, we defined the ref-
erence group as the intermediate group to investigate 
the association of high or low versus intermediate TSH 
levels and frailty risk (Supplementary Table 2). We also 
performed a subgroup analysis for sex.

A dose–response meta-analysis was then performed 
by using the generalized least squares trend estimation, 
developed by Greenland and Longnecker [12]. To eval-
uate the associations between TSH levels and frailty 
risk, we used the restricted cubic spline (RCS) model, 
as described by Orsini et al. [12]. Following their rec-
ommendations, we placed four knots at the 5th, 35th, 
65th, and 95th percentiles of the aggregated TSH 
exposure distribution [13], to evaluate the associations 
between TSH levels and frailty risk. The level in each 
TSH exposure category was extracted from the articles 
for calculating the midpoint of each exposure category 
(Supplementary Table  2). We observed inconsistent 
cutoff points of TSH exposure among the included 
studies, such as Veronese et al. [14] reported more pre-
cise categories in TSH levels < 1.1 mIU/L. Hence, we 
performed a subgroup dose–response meta-analysis.

Fig. 1  Flow diagram showing preferred reported items in systematic reviews and meta-analyses
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All statistical analyses were performed using R (ver-
sion 4.1.2’ R Foundation for Statistical Computing, 
Vienna, Austria).

Results
In total, 501 articles were obtained in the initial search. 
After the eligibility assessment, only 14 studies remained. 
Among them, one interventional study [15], one 
study only discussing thyroid autoantibodies [16], one 
review study [17], and one non-English study [18] were 
excluded. Finally, 10 studies were included in further 
analysis (Fig. 1).

Study characteristics
The characteristics of the 10 included studies, includ-
ing 5 cross-sectional and 5 cohort studies, are summa-
rized in Table 1. Their sample sizes ranged from 112 to 
3943. Regarding thyroid hormone outcome data, nine 
studies collected thyroid hormone level data directly, 
whereas one [19] classified thyroid hormone levels based 
on whether subclinical hypothyroidism, hyperthyroid-
ism, or euthyroidism. Regarding frailty data, four stud-
ies reported continuous data (i.e., frailty index or score), 
whereas the remaining six studies reported categori-
cal data; among the six studies, five reported the frailty 
phenotype.

Quality assessment
Table  2 presents data on the methodological quality of 
the included studies according to the NHLBI’s qual-
ity assessment tool. The rating for questions 1–4, which 
address the study objective, population, participation 
rate, and prespecified inclusion and exclusion criteria, 
is generally “yes”. The rating for questions 5–7, which 
adress sample size justification, exposure prior to out-
come measurement, and association of exposure and the 
outcome, is generally “no, due to the included studies 
are mostly cross-sectional. Among questions 8,9,11, the 
exposure and outcome measure of all included studies 
can vary in level and with clearly defined measurement. 
Among questions 10, 12, 13, exposure assessment time, 
outcome assessor blinded to exposure and loss follow up 
rate was mostly non-available in cross sectional included 
studies. Among questions 14, 9 out of 10 included studies 
adjusted confounding factors. The Egger’s regression test 
yielded a non-significant result (p = 0.731422), suggesting 
no evidence of publication bias.

Overall effect
We performed a qualitative analysis (Table  3) by com-
bining different frailty measurements and found that the 

association of frailty risk with TSH levels demonstrated 
inconsistency among all studies. Moreover, among eight 
applicable studies, the association of frailty risk with FT4 
levels was absent in four studies [21, 24–26] or positive in 
three studies [20, 22, 23], whereas that of frailty risk with 
FT3 levels was negative in five [21–24, 26] of six applica-
ble studies.

When integrating data, only the association of TSH 
(categorical) and frailty phenotype (categorical) could 
be further analyzed, thus three studies [14, 20, 24] were 
included in meta-analysis. The data of male participants 
could be extracted from two studies [14, 20]; however, 
those of female participants could not. We then inte-
grated the variable cutoffs for TSH exposure among the 
included studies, divided them into low, intermediate, 
and high groups (Supplementary Table  2). Comparing 
the low TSH groups with the intermediate TSH groups 
and noted that the pooled ORs for frailty were 0.95 (95% 
CI = 0.79–1.16, I2 = 0%) in all participants (Fig.  2A) and 
0.89 (95% CI = 0.69–1.16, I2 = 41%) in the male subgroup 
(Fig.  2C). When high TSH groups were compared with 
the intermediate TSH groups, the pooled ORs for frailty 
was 1.09 (95% CI = 0.80–1.47, I2 = 54%) in all participants 
(Fig.  2B) and 0.99 (95% CI = 0.77–1.27, I2 = 54%) in the 
male subgroup (Fig. 2D).

Given the variations on the cutoffs for TSH exposure 
among the included studies, no significant association 
was noted between TSH levels and frailty risk in the 
pooled results).

Dose–response meta‑analyses
In our dose–response meta-analyses, we noted a sig-
nificant nonlinear relationship between TSH level and 
frailty risk (p = 0.0071; Fig. 3). An increase of TSH from 
0.3mlU/L to 2.7 mlU/L was associated with a significant 
increase in frailty risk [ORs = 1.30 (95% CIs = 1.06–1.59)]. 
Moreover, an increase to 4.8 mlU/L from 2.7 mlU/L 
almost doubled frailty risk [ORs = 2.06 (95% CIs = 1.18–
3.57); Table 4]. In addition, TSH levels of 0.6–1.5 mIU/L 
were not significantly associated with pooled ORs for a 
frailty of < 1, although the observed ORs were less than 1.

Discussion
Summary of evidence
To the best of our knowledge, this is the first meta-
analysis on the association between thyroid hormones 
and frailty in older adults without overt thyroid dys-
function. Qualitative synthesis on the association of 
frailty with TSH, FT3, FT4, or subclinical hyperthy-
roidism have reported inconsistent results. Consider-
ing the possible J-shaped association, we set the group 
with intermediate TSH levels as the reference group 
for our meta-analysis. When we compared the low or 
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high TSH exposure group with the intermediate TSH 
exposure group, the pooled OR for frailty was nonsig-
nificant. However, the dose–response meta-analyses 
revealed a significant nonlinear, J-shaped association 
between TSH levels and frailty. TSH levels within the 
upper half (2.7–4.8mIU/L) of reference range was 
noted to significantly increase frailty risk; by contrast, 
those in the lower half (0.6–1.5 mIU/L) had a lower 
frailty risk, though nonsignificantly so.

As outlined in the introduction, frailty is a multi-
faceted concept with different operational definitions. 
While the frailty phenotype, characterized by five clini-
cal domains, offers a readily applicable assessment tool; 
the frailty index, based on a comprehensive accumulation 
of deficits, provides a more nuanced and sensitive meas-
ure of frailty severity. This variability in frailty assessment 
across studies limits direct comparisons and potentially 
contributes to the inconsistent findings in the literature. 
Future research could benefit from developing standard-
ized age-specific cut-off points for the frailty index to 
facilitate comparisons across studies.

Given that the role of the thyroid hormones in frailty 
development was not fully established, it remains unclear 
how overt hyperthyroidism or hypothyroidism affects 
frailty. Patients with hyperthyroidism demonstrate an 
increase in muscle protein turnover [27]. Muscle cross-
sectional area is smaller in older patients with subclinical 
hypothyroidism than in age-matched controls with euthy-
roidism. In the controls with euthyroidism, treatment led 
to improved muscle strength [28], which possibly explains 
the J-shaped association observed between thyroid hor-
mones and frailty. The possible mechanism underlying 
the role of thyroid hormones in frailty development may 
involve aging and skeletal muscle. Decreases in thyroid 
hormone production are part of the aging process, during 

which myogenesis decreases and skeletal muscle metabo-
lism is modulated [6]. Muscle fiber loss with weakening of 
the remaining neuromuscular junction transmission fib-
ers and instability was also noted [29].

The strength of our study lies in its design: we per-
formed this dose–response meta-analysis to transform 
the descriptive results into precise quantitative data. 
Szleif et  al. [7] reported a U-shaped association of TSH 
levels with sarcopenia and low muscle strength, whereas 
Rong et  al. [30] demonstrated a J-shaped relationship 
between TSH and type 2 diabetes mellitus (T2DM) but 
an inverted-J-shaped relationships between FT3 and FT4 
levels and T2DM. If we assume that this relationship is 
linear, then frailty risk might not be associated with high 
or low TSH exposure categories. Therefore, future stud-
ies should consider the association between thyroid hor-
mone and frailty to be nonlinear. Future studies should 
also consider showing subclinical hypothyroidism or 
hyperthyroidism in a continuous data of FT4 and TSH to 
extend our J-shaped finding more than reference range 
(0.3–4.8mIU/L).

Limitations
First, the studies’ designs of included article were incon-
sistent with each other. Some studies defined the thy-
roid hormone as the independent variable and then 
analyzed the thyroid hormone–frailty correlation or the 
related ORs. However, other studies divided the partici-
pants into frail and nonfrail (prefrail and robust) groups 
and then measured their blood thyroid hormone levels. 
Second, the measurement of outcomes was inconsist-
ent between studies: both continuous and categorical 
thyroid hormone data were used in their analyses. Dif-
ferent cutoff points used for data grouping impeded 
data integration. In the aspect of frailty, we tried to find 

Table 3  Qualitative analysis of the 10 included studies

TSH thyroid stimulating hormone, FT4 free thyroxine, FT3 free triiodothyronine, vs versus

TSH vs frailty FT4 vs frailty FT3 vs frailty Subclinical 
hyperthyroidism 
vs frailty

Positive association Veronese et al
Liu et al

Yeap et al
Pasqualetti et al
Arosio et al

Nil Virgini et al

Negative association Arosio et al
Bhalla et al

Nil Bertoli et al
Pasqualetti et al
Arosio et al
Xiu et al
Liu et al

Nil

U-shaped association Bano et al Bano et al Nil Nil

No association Yeap et al
Pasqualetti et al
Xiu et al

Bertoli et al
Xiu et al
Bhalla et al
Liu et al

Bhalla et al Yeap et al
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a formula to transform continuous data of the frailty 
index into categorical data. However, the frailty index 
showed different cut-off points considering different 
ages [31]. Both the aforementioned limitations resulted 
in only three studies being included in the meta-anal-
ysis. Third, men were overrepresented in the samples 
of most studies. Underrepresented female participants 
may cause restriction of future clinical application. 

Fourth, TSH reference ranges can vary across popula-
tions due to factors such as age, ethnicity, and iodine 
intake. These variations could lead to heterogeneity in 
the results and potentially attenuate the observed asso-
ciations between TSH levels and frailty. Fifth, our meta-
analysis only included outcome of the frailty phenotype, 
however its component may overlap with those mani-
festations from thyroid disorders.

Fig. 2  Forest plots of pooled odds ratio for frailty. Footnote: A Low and B high TSH exposure categories vs. intermediate TSH exposure categories 
overall. C Low and D high TSH exposure categories vs. intermediate TSH exposure categories overall in male participants
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Conclusion
In the current dose–response meta-analysis, TSH lev-
els and frailty had a significant nonlinear, J-shaped 
relationship. TSH levels within the range of 2.7–
4.8mIU/L were associated with a higher risk of frailty, 
whereas those within the range of 0.6–1.5 mIU/L 

showed a trend towards a lower risk of frailty, though 
this association was not statistically significant. Future 
studies should also consider showing subclinical hypo-
thyroidism or hyperthyroidism in a continuous data 
of FT4 and TSH to extend our J-shaped finding more 
than reference range (0.3–4.8mIU/L).
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Table 4  Predicted ORs (95% CIs) for frailty for different TSH levels

TSH thyroid stimulating hormone, OR odds ratio, CI confidence interval

TSH (mIU/L) OR 95% CI

0.3 1.00 1.00–1.00

0.6 0.96 0.78–1.17

0.9 0.92 0.63–1.35

1.2 0.92 0.57–1.48

1.5 0.96 0.62–1.50

1.8 1.03 0.72–1.48

2.1 1.12 0.85–1.48

2.4 1.21 0.96–1.52

2.7 1.30 1.06–1.59

3.0 1.39 1.13–1.71

3.3 1.48 1.17–1.88

3.6 1.58 1.19–2.10

3.9 1.69 1.20–2.39

4.2 1.80 1.20–2.72

4.5 1.93 1.19–3.12

4.8 2.06 1.18–3.57
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