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ABSTRACT 
Objective: To summarize the evidence regarding the association between 
subclinical thyroid dysfunctions and chronic kidney disease (CKD) in adults. 
Methods: The literature was searched for English-published studies from 
inception till the 16th of December 2022. The search included 
MEDLINE/PubMed, Academic Search Complete (EBSCOhost) and Web of 
Science using the terms (‘subclinical hypothyroidism and thyroid 
dysfunction’) AND ("chronic kidney disease or chronic renal failure or ckd or 
esrd’). Results: Eleven studies were included. Subclinical hypothyroidism was 
significantly associated with a higher risk of CKD compared to euthyroid 
individuals (Odds ratio (OR): 1.43, (95% CI: 1.23–1.65), P<0.001, n=11). 
Subgroup analyses by adjusting for confounders or diabetes mellitus did not 
alter the results significantly. However, the ORs were significantly lower with 
longitudinal studies compared to cross-sectional studies (OR: 1.17 vs. 1.68, 
respectively, p<0.001). Subclinical hyperthyroidism was associated with a 
higher risk of CKD than euthyroid individuals, but the association was not 
significant (OR: 1.19, (95% CI: 0.92–1.53), P=0.18, n=3). Conclusions: Subclinical 
hypothyroidism is significantly associated with an increased risk of CKD. 
However, more longitudinal studies are required to confirm the effect of 
subclinical hypothyroidism as an exposure on the outcome of newly 
diagnosed CKD. The association between subclinical hyperthyroidism and 
CKD is understudied and warrants more research to ascertain its effect on the 
risk of CKD. 
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1. INTRODUCTION  
Chronic kidney disease (CKD) is a condition which is defined as “abnormalities of kidney structure or function, present for >3 
months, with implications for health” (Stevens and Levin, 2013). The rate of CKD is increasing globally, representing a public health 
problem worldwide. The global estimated prevalence of CKD is 13.4%, with 4.902 to 7.083 million patients requiring renal 
replacement therapy (Lv and Zhang, 2019). 

Research has identified several risk factors that are associated with the development and progression of CKD, such as diabetes 
mellitus and hypertension (Hamrahian and Falkner, 2017; Boer et al., 2022). However, other factors seem to be affecting renal 
function as control of the well-identified risk factors did not hinder further deterioration of renal function (Schultheiss et al., 2017). 

Several studies have suggested that thyroid dysfunctions can influence renal functions both through direct effects on the kidney 
and indirectly through an effect on the cardiovascular and regulating systems of thyroid hormone release, metabolism and 
excretion (Iglesias et al., 2017). Overt hypothyroidism has been studied extensively and thyroxin replacement provided beneficial 
effects by increasing the estimated glomerular filtration rate (eGFR) in hypothyroid patients (Bulur et al., 2017; Eşme et al., 2021). 

Meanwhile, the effect of subclinical thyroid dysfunctions on renal function is controversial. Subclinical thyroid dysfunctions are 
conditions in which a disease exists, but no symptoms appear. The diagnosis of subclinical thyroid dysfunctions depends on 
laboratory assessment of TSH as well as the thyroid hormones (T4 and T3). Subclinical hypothyroidism is detected if serum TSH 
concentrations are above the normal range while serum T3 and T4 concentrations are within the normal range. Likewise, subclinical 
hyperthyroidism is diagnosed when serum TSH concentrations are below the reference range while serum T3 and T4 
concentrations are within normal (Cooper and Biondi, 2012).  

 Studies that were conducted on a population of CKD patients reported a high prevalence of subclinical hypothyroidism 
(Naseem et al., 2018; Anum et al., 2022; Reque-Santivañez et al., 2022). There is a need to evaluate the evidence regarding the role of 
subclinical hypo and hyperthyroidism in deteriorating renal function or contributing to CKD development. If such an association is 
established, control of thyroid status may prevent or delay the deterioration of kidney functions in susceptible individuals, thus 
reducing the resultant morbidity and mortality. Therefore, this meta-analysis was carried out to summarize the evidence regarding 
the relationship between subclinical thyroid dysfunctions and CKD in adults. 
 

2. MATERIALS AND METHODS 
Methodology 
The conduction and reporting of this systematic review and meta-analysis was following the MOOSE (Meta-analysis of 
Observational Studies in Epidemiology) guidelines (Stroup et al., 2000). 
 
The research questions 
Are subclinical thyroid dysfunctions (i.e., subclinical hypo or hyperthyroidism) associated with a higher risk of suffering CKD in an 
adult population? 
 
Research aims and objectives 
This meta-analysis aims at assessing the relationship between subclinical thyroid dysfunctions and CKD in adults, with the 
following objectives: 

To assess the risk of CKD in adults with subclinical hypothyroidism compared to euthyroid individuals. 
To assess the risk of CKD in adults with subclinical hyperthyroidism compared to euthyroid individuals. 

 
Eligibility criteria for studies 
Types of studies 
Only observational cohorts, case-control and cross-sectional studies published in English were included in this systematic review 
and meta-analysis. 
 
Participants 
Eligible studies included adult individuals in whom thyroid and renal functions were assessed.  
 
Exposure and outcome 
Eligible studies assessed the outcome of CKD in relation to subclinical thyroid dysfunction as an exposure variable. 
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Exclusion criteria 
The following forms of publications were excluded: Conference abstracts/posters, case reports, reviews, editorials, commentaries 
and clinical guidelines. Moreover, studies were excluded if: a) conducted on animal models and pediatric patients; b) included only 
a population of CKD patients without control; c) assessed overt thyroid dysfunction only; or d) did not report CKD as a binary 
outcome.  
 
Search strategy 
Electronic searches 
We conducted a search of the electronic databases of MEDLINE/PubMed, Academic Search Complete (EBSCOhost) and Web of 
Science (WOS) for studies published in the English language from inception to the 16th of December 2022. The search terms used for 
MEDLINE/PubMed were ("Thyroid Diseases"(Mesh)) AND "Renal Insufficiency, Chronic"(Mesh)). The search terms for EBSCO host 
were (subclinical hypothyroidism and thyroid dysfunction) AND (chronic kidney disease or chronic renal failure or ckd or esrd), 
with the filter for article publications. For the WOS, we used (chronic kidney disease) AND (subclinical thyroid dysfunction). In the 
three databases, the search was limited to articles published in the English language. 
 
Other resources 
We examined the lists of reference in the retrieved relevant studies from the search of electronic databases to find other eligible 
studies. 
 
Selection of studies 
Literature search and screening the titles and abstracts of the studies yielded by the search were performed. For potentially relevant 
studies, the full text article was retrieved and assessed for eligibility using the aforementioned criteria (under the heading 
“Eligibility criteria for studies”). The search results, the titles and abstracts as well as the full text articles were revised.  
 
Data extraction  
A standardized sheet for extraction of data from the included studies was used, including (a) the study characteristics (country, 
study design, time span of recruitment, the sample size and the study’s inclusion and exclusion criteria); (b) patients’ characteristics 
(age and sex); (c) the cut-off levels for diagnosing subclinical thyroid dysfunctions; (d) the numbers of patients with CKD in each 
group of thyroid function status; and e) the odds or hazard ratio with their 95% confidence intervals (CI) of CKD in each group of 
thyroid dysfunction relative to the euthyroid group. The extracted data were checked to ensure consistency and clarity. 
 
Assessment of the risk of bias in included studies 
The risk of bias was assessed using the National Heart, Lung and Blood Institute (NHLBI) study quality assessment tool for 
observational cohort and cross-sectional studies (National Heart, 2021).  
 
Data synthesis 
Review Manager (Rev Man Version 5.4. The Cochrane Collaboration, 2020) was used for conducting the meta-analysis and creating 
forest plots. Publication bias was assessed by inspecting the generated funnel plots. The categorical dichotomous outcome of CKD 
was summarized as an odds ratio (OR) with 95% CI. An OR > 1 indicated a higher risk in the subclinical thyroid dysfunction group, 
while an OR< 1 indicated a higher risk in the euthyroid group. An OR of 1 indicated the same risk in both groups. The pooling of 
data was done using the inverse variance method in the case of raw data and the method of generic inverse variance in the case of 
pre calculated OR (by entering the natural logarithms of OR and their standard errors). 

The data were tested for heterogeneity using the Cochrane Chi-square heterogeneity test and I2 index. Significant heterogeneity 
across the studies was detected if the Cochrane chi-square test had a p-value < 0.1 and the I2 index was above 50%. If heterogeneity 
was non-significant, pooling of the data was performed using the fixed-effect model, but the random-effects model was used if 
there was significant heterogeneity. A p-value < 0.05 was considered significant to interpret the comparisons between groups. 
Subgroup analysis was conducted for potential confounders. 
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3. RESULTS 
Results of literature search and study selection 
The results of the search and selection process are illustrated in Figure 1. The search of electronic databases showed 952 records, out 
of which 79 duplicates were removed. The titles and abstracts of the remaining 873 records were screened, resulting in the removal 
of 842 records (107 ineligible publication types, 591 non-relevant articles, 136 studies in CKD patients and 8 studies with overt 
thyroid dysfunction only). The full text of the remaining 31 articles was sought, with the successful retrieval of 30 articles. 
Assessment of the full-text articles lead to the exclusion of 19 studies in which CKD was not reported as a binary outcome. 
Screening of the reference lists of the retrieved articles identified six studies out of which five were duplicates to the electronic 
search and one included CKD patients only. Finally, eleven studies were found eligible and were incorporated in this review 
(Asvold et al., 2011; Gopinath et al., 2013; Ye et al., 2013; Jia et al., 2015; Chaker et al., 2016; Chuang et al., 2016; Miranda É et al., 
2017; Schultheiss et al., 2017; Zhou et al., 2017; Chang et al., 2018; Zhang et al., 2018).  
 

 
Figure 1 The PRISMA flow chart diagram for the results of the literature search and study selection 

 
Basic characteristics and risk of bias assessment of the included studies 
The basic characteristics of the included studies 
Seven studies were cross-sectional in design (Asvold et al., 2011; Gopinath et al., 2013; Ye et al., 2013; Jia et al., 2015; Miranda et al., 
2017; Chang et al., 2018; Zhang et al., 2018), while the remaining four were longitudinal: two prospective cohorts (Chaker et al., 
2016; Schultheiss et al., 2017), one retrospective cohort (Chuang et al., 2016) and one case control study (Zhou et al., 2017). Four 
studies were conducted on a Chinese population (Ye et al., 2013; Jia et al., 2015; Zhou et al., 2017; Zhang et al., 2018), while two 
studies were in Taiwan (Chuang et al., 2016; Chang et al., 2018). The sample size widely varied across the studies from 933 to 29,480. 
The age also varied widely with some studies including mainly or solely elderly people (Gopinath et al., 2013; Jia et al., 2015; 
Chaker et al., 2016; Chuang et al., 2016; Zhang et al., 2018). The prevalence of the male sex also varied among the studies, with one 
study including only men (Ye et al., 2013). In the other studies, men generally accounted for less than half the sample (Table 1). 

The calculation of the estimated glomerular filtration rate was done using the four variable Modification of Diet in Renal 
Disease (MDRD) formula in five studies (Asvold et al., 2011; Gopinath et al., 2013; Jia et al., 2015; Chuang et al., 2016; Zhou et al., 
2017). The other six studies used the CKD Epidemiology Collaboration (CKD-EPI) formula (Ye et al., 2013; Chaker et al., 2016; 
Miranda et al., 2017; Schultheiss et al., 2017; Chang et al., 2018; Zhang et al., 2018). The definition of CKD was unified in nearly all 
studies (eGFR <60ml/ min/ 1.73 m2), but one study included, besides eGFR, the presence of proteinuria ≥ 1+ (Chuang et al., 2016). 
Another study diagnosed CKD as eGFR GFR <60 ml/ min/ 1.73 m2 or a urine albumin creatinine ratio (UACR) > 2.5 mg/mmol in 
men and > 3.5 mg/mmol in women. The cut-off values of thyroid stimulating hormone (TSH) slightly varied among the studies. 
Also, some studies adjusted the regression models to age and sex only (Gopinath et al., 2013; Chang et al., 2018) while a widely 
varied range of confounders was used by the other studies (Table 2).  
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Table 1 The settings and characteristics of the included studies (n = 11) 

Study Country Time span Study design 
Follow-
up 
(years) 

Sample 
size 

Age Male Sex 

Asvold 2011 Norway 
1995 to 
1997 

Cross-sectional - 29,480 
Median (range) 57 
(41–98) 

33.1% 

Chaker 2016 Netherlands 
1997 to 
2008 

Prospective 
cohort study 

8.1 5,103 63.6 ± 9.4 43.6% 

Chang 2018 Taiwan 
1996 to 
2006 

Cross-sectional - 74,356 
Euthyroid: 41.7 ± 
13.4 
Hypo: 46.76 ± 14.1 

49.8% 

Chuang 
2016 

Taiwan 
2005 to 
2010 

Retrospective 
cohort 

3 41,454 
Euthyroid: 75.8 ± 
6.4 
Schypo: 76.6 ± 6.8 

Euthyroid: 
52.2% 
Schypo: 47.5% 

Gopinath 
2013 

Australia 
2002 to 
2004 

Cross-sectional - 1,571 73.6 40.8% 

Jia 2015 China 
2012 to 
2013 

Cross-sectional - 933 
Euthyroid: 61.5 ± 
12.3 
Schypo: 63.7 ± 11.1 

Euthyroid 
49.2% 
Schypo 31.7% 

Miranda 
2017 

Brazil 
Aug 2008 to 
Dec 2010 

Cross-sectional - 13,193 
Median (IQR) 51 
(45–58) 

48.2% 

Schultheiss 
2017 

USA 
1987 to 
1998 & 2011 
to 2013 

Prospective 
cohort 

19.6 11,872 57.4 ± 5.7 43.5% 

Ye 2013 China 
Jan 2009 to 
Dec 2011 

Cross-sectional - 8,126 44.99 ± 12.05 100.0% 

Zhang 2018 China 
Jan 2012 to 
Dec 2017 

Cross-sectional - 5,936 62 ± 11 49% 

Zhou 2017 China 
Jan 2011 to 
Dec 2015 

Case-control - 3,815 
Euthyroid: 
56.4±11.6 
Schypo: 56.1±11.5 

Euthyroid: 
42.4% 
Schypo 42.4% 

 
The rate of CKD in groups of thyroid dysfunctions is presented in Table 3. The rates of CKD differed across the studies, with the 

highest rates in the study by Jia et al., (2015) and the lowest rate in the study by Ye et al., (2013). In general, the rate was highest in 
the group of subclinical hypothyroidisms and lowest in the euthyroid group. However, one study reported a higher rate of CKD in 
the subclinical hyperthyroidism group (Ye et al., 2013). The association of CKD with subclinical hyperthyroidism was direct in three 
studies only (Asvold et al., 2011; Ye et al., 2013; Zhang et al., 2018), while the other studies either excluded those patients or merged 
them with the overt hyperthyroidism group due to the low number of cases. 
 
Table 2 The calculation of eGFR and diagnosis of subclinical hypothyroidism and chronic kidney disease in the included studies (n 
= 11) 

Study 
Calculation 
of egfr 

Definition of SC 
hypothyroidism 

Definition of SC 
hyperthyroidism 

Definition of CKD Adjusting models for 

Asvold 
2011 

4-variable 
MDRD 
formula 

TSH 3.6–4.0 mU/l or 
TSH >4.0 mU/l & 
FT4 =>8.0 pmol/l 

TSH 0.20–0.49 mU/l; or 
TSH <0.20 mU/l with FT4 
& total T3 within 
reference range 

eGFR 
<60ml/min/1.73 m2 

Age, sex, smoking 

Chaker 
2016 

CKD-EPI 
Study 
equation 

TSH >4.0 IU/L & FT4 
values = 11–25 
pmol/L 

TSH <0.4 IU/L & FT4 
values within normal 
range (11–25 pmol/L). 

eGFR 
<60ml/min/1.73 m2 

Age, sex, SBP, DBP, 
antihypertensive 
medication, smoking, 
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total cholesterol, HDL, 
DM, history of coronary 
heart disease and BMI 

Chang 2018 

CKD-EPI 
Study 
equation 

4.5 < T4 < 12 μg/dL 
and TSH > 5 mIU/L 

not done 
eGFR 
<60ml/min/1.73 m2 

Age, sex 

Chuang 
2016 

4-variable 
MDRD 
formula 

one or more TSH 
value of 5–10 mIU/L 

TSH value of 
0.1 mIU/L 

< 60 mL/min per 
1.73 m2 or ≥60 
mL/min per 1.73 
m2 with 
proteinuria ≥ 1+ 

Sex, age, hypertension, 
DM, dyslipidemia (low 
HDL-C, high LDL-C, 
hypertriglyceridemia), 
hyperuricemia, 
abnormal liver function, 
anemia, obesity, 
smoking, and alcohol 
drinking 

Gopinath 
2013 

4-variable 
MDRD 
formula 

TSH > 4.0 mIU/L 
with normal FT4 

TSH < 0.1 mIU/L with 
normal FT4 

eGFR 
<60ml/min/1.73 m2 

Age and sex 

Jia 2015 

4-variable 
MDRD 
formula 

normal levels of FT3 
& FT4, but TSH > 5 
mU/l 

not done 

GFR < 60 
ml/min/1.73 m2 or 
a UACR > 2.5 
mg/mmol in men 
& > 3.5 mg/mmol 
in women 

Age, gender, diabetes 
duration, hypertension, 
smoking and drinking 
status, BMI and hba1c. 

Miranda 
2017 

CKD-EPI 
Study 
equation 

TSH >4 mIU/L, 
normal FT4 levels, 
and no use of 
medication to treat 
hypothyroidism. 

Low serum TSH, normal 
levels of FT4, and no use 
of thyroid drugs 

eGFR 
<60ml/min/1.73 m2 

Adjusted for sex and 
race 

Schultheiss 
2017 

CKD-EPI 
Study 
equation 

TSH >5.1 mIU/L & 
FT4 within the 
reference range of 
10.9–18.0 pmol/L 

TSH below the reference 
range & FT4 within the 
reference range 

eGFR 
<60ml/min/1.73 m2 

Age, gender, race, 
serum albumin, BMI, 
hs-CRP, smoking status, 
SBP, DM, LDL and HDL 
cholesterol, 
triglycerides, 
hypertension and 
medication 
Use for cholesterol 
and/or DM. 

Ye 2013 

CKD-EPI 
Study 
equation 

TSH >4.00 mIU/l, 
normal FT4 

TSH <0.40 mIU/L, normal 
FT4 

eGFR 
<60ml/min/1.73 m2 

Age, BMI, hypertension, 
& diabetes 

Zhang 2018 

CKD-EPI 
Study 
equation 

TSH level > 4.78 
mIU/l with a FT4 
level within normal 
range 

TSH level < 0.55 mIU/l 
with a FT4 
level within normal range. 

eGFR 
<60ml/min/1.73 m2 

- 

Zhou 2017 

4-variable 
MDRD 
formula 

19.9mIU/L>TSH > 
4.78 
mIU/L with normal 
FT4. 

 
eGFR 
<60ml/min/1.73 m2 

Age, duration of 
diabetes, glycosylated 
hemoglobin 
(A1C), BMI, blood 
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pressure, and LDL 
cholesterol, 

CKD-EPI: CKD Epidemiology Collaboration; eGFR: estimated glomerular filtration rate; MDRD: Modification of Diet in Renal Disease; UACR: Urinary albumin creatinine ratio. 

 
Table 3 The prevalence/incidence rate of chronic kidney disease in the included studies (n = 11) 

Study Euthyroidism SC hypothyroidism SC hyperthyroidism 
Asvold 2011 5.13% 12.30% 7.24% 
Chaker 2016 NR NR - 
Chang 2018 4.76% 9.22% - 
Chuang 2016 24.09% 28.53% - 
Gopinath 2013 18% 33.9% - 
Jia 2015 39.65% 46.03% - 
Miranda 2017 5.67% 10.81% - 
Schultheiss 2017 NR NR - 
Ye 2013 0.53% 0.81% 2.08% 
Zhang 2018 10.10% 16.02% 13.31% 
Zhou 2017 5.50% 15.60% - 

                                           NR: not recorded and cannot be calculated from published data 

 
Risk of bias assessment in the included studies 
Table 4 summarizes the risk of bias assessment using the NHLBI tool. All studies had a low ROB concerning the clarity of the 
research question, clear specification and definition of the study population, sufficiency of the participation rate and recruiting 
groups from the same population using uniform criteria. The domains with the highest ROB were sample size justification and 
blinding of outcome assessors which were observed in all studies; though non-blinding is unlikely to bias the results as they are 
defined by laboratory measurements and not subjective assessment. In addition, all studies did not perform repeated exposure 
assessments (as most were cross-sectional) except for one study (Chaker et al., 2016). 
 
Table 4 The assessment of the risk of bias using the NHLBI tools for quality assessment (n = 11) 

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 
Asvold 2011 Yes Yes Yes Yes No No No NA Yes No Yes No No Yes  
Chaker 2016 Yes Yes Yes Yes No Yes Yes NA Yes Yes Yes No Yes Yes 
Chang 2018 Yes Yes Yes Yes No No No NA Yes No Yes No No Yes 
Chuang 2016 Yes Yes Yes Yes No Yes Yes NA No No Yes No Yes Yes 
Gopinath 2013 Yes Yes Yes Yes No Yes No NA Yes No Yes No No Yes 
Jia 2015 Yes Yes Yes Yes No Yes No NA Yes No Yes No No Yes 
Miranda 2017 Yes Yes Yes Yes No Yes No NA Yes No Yes No No Yes 
Schultheiss 2017 Yes Yes Yes Yes No Yes Yes NA Yes No Yes No Yes Yes 
Ye 2013 Yes Yes Yes Yes No Yes No NA Yes No Yes No No Yes 
Zhang 2018 Yes Yes Yes Yes No Yes No NA Yes No Yes No No No 
Zhou 2017 Yes Yes Yes Yes No No - - - No Yes No - Yes 

Q1 Research question; Q2 Was the study population clearly specified and defined?; Q3 Was the participation rate of eligible persons at least 50%?; Q4 Groups recruited 
from the same population and uniform eligibility criteria; Q5 Sample size justification; Q6 Exposure assessed prior to outcome measurement; Q7 Sufficient timeframe to 
see an effect; Q8 Different levels of the exposure of interest; Q9 Exposure measures and assessment; Q10 Repeated exposure assessment; Q11 Outcome measures; Q12 
Blinding of outcome assessors; Q13 Follow-up rate; Q14 Statistical analyses; NA: non-applicable. 

 
Results of meta-analysis 
The association of subclinical hypothyroidism with CKD 
Using the counts of CKD cases and the total number in each group from 8 studies (Asvold et al., 2011; Ye et al., 2013; Jia et al., 2015; 
Chuang et al., 2016; Miranda et al., 2017; Zhou et al., 2017; Chang et al., 2018; Zhang et al., 2018), the results of the meta-analysis 
showed that subclinical hypothyroidism carried a significantly higher risk of CKD compared to the euthyroid group (OR: 1.90, (95% 
CI: 1.44–2.52), P<0.001, n=8) (Figure 2). However, there was considerable heterogeneity among the studies (Chi p-value<0.001, I2= 
92%). Cohen’s d effect size was medium (Cohen’s d = 0.354). 
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Figure 2 Forest plot showing the pooled rate of CKD in patients with subclinical hypothyroidism compared to euthyroid patients 
using raw data from the included studies. The studies were sub grouped according to including diabetics only or not (n = 8) 
  

The same outcome was assessed by pooling the ORs that were reported from multivariate analyses by ten of the included 
studies (Asvold et al., 2011; Gopinath et al., 2013; Ye et al., 2013; Jia et al., 2015; Chaker et al., 2016; Chuang et al., 2016; Miranda et 
al., 2017; Schultheiss et al., 2017; Zhou et al., 2017; Chang et al., 2018). The analysis showed also a significantly higher risk of CKD in 
the subclinical hypothyroidism group (OR: 1.40, (95% CI: 1.20–1.63), P<0.001, n=10) (Figure 3), with considerable heterogeneity 
among the studies (Chi p-value<0.001, I2= 76%). Cohen’s effect size was 0.186, indicating a small effect size. We calculated the OR 
and CI for the raw data of the study by Zhang et al., (2018) and added them to the analysis, causing a slight increase in the OR. The 
risk seems to become lower when potential confounders are adjusted for. However, the considerable heterogeneity may be partially 
attributed to the inclusion of different confounders in the computation of the OR by each study. 
 

 
Figure 3 Forest plot showing the pooled rate of CKD in patients with subclinical hypothyroidism compared to euthyroid patients 
using the reported odds ratio from the included studies plus calculated odds ratio from raw data of the study by Zhang et al., (2018) 
the studies were sub grouped according to adjusted odds ratio or not (n = 11) 
 
The association of subclinical hyperthyroidism with CKD 
Using the reported OR of CKD from two studies (Asvold et al., 2011; Ye et al., 2013), the results of the meta-analysis showed a non-
significant association of subclinical hyperthyroidism with CKD (OR: 1.06, (95% CI: 0.76–1.49), P=0.73, n=2) (Figure 4), with minimal 
heterogeneity between the two studies (Chi p-value=0.45, I2= 0%). The Cohen’s d effect size was small (Cohen’s d = 0.032). Adding 
the calculated OR from the raw data of the study by Zhang et al., (2018), no significant change occurred in the results. 
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Figure 4 Forest plot showing the pooled rate of CKD in patients with subclinical hyperthyroidism compared to euthyroid patients 
using the reported odds ratio from the included studies plus calculated odds ratio from raw data of the study by Zhang et al., (2018) 
the studies were sub grouped according to adjusted odds ratio or not (n = 3) 
 
Subgroup analysis 
Subgroup analysis was done only for the relationship between subclinical hypothyroidism and CKD, as the number of studies for 
subclinical hyperthyroidism was low. The first subgroup analysis was based on the inclusion of diabetics only in the study or a 
mixture of diabetics and non-diabetics. The subgroup differences were not significant (p = 0.69). Interestingly, considerable 
heterogeneity was observed within each subgroup (Chi p-valu<0.001, I2 > 70%), but not between the two subgroups, suggesting the 
effect of other confounders within each group (Figure 5). 
 

 
Figure 5 Forest plot showing the pooled rate of CKD in patients with subclinical hypothyroidism compared to euthyroid patients 
using the reported odds ratio from the included studies plus calculated odds ratio from raw data of the study by Zhang et al., (2018) 
the studies were sub grouped according to including diabetics only or not (n = 11) 
 

The second subgroup analysis was based on the study design. The risk of CKD with subclinical hypothyroidism was 
significantly lower with longitudinal studies compared to cross-sectional studies (OR: 1.17 vs. 1.68, respectively, p for subgroup 
difference <0.001). The two subgroups showed considerable heterogeneity between each other (Chi p-value<0.001, I2 = 96.8%), but 
not within each subgroup (Chi p-value= 0.35 and 0.47, I2 = 9% and 0%) (Figure 6). 
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Figure 6 Forest plot showing the pooled rate of CKD in patients with subclinical hypothyroidism compared to euthyroid patients 
using the reported odds ratio from the included studies plus calculated odds ratio from raw data of the study by Zhang et al., (2018) 
the studies were sub grouped according to the study design (n = 11) 
 

4. DISCUSSION 
Summary of the main findings 
The results of this meta-analysis suggest that the risk of CKD increases by 1.4 folds in the presence of subclinical hypothyroidism. 
This association was significant whether the pooling involved the unadjusted (OR: 1.90, (95% CI: 1.44–2.52), P<0.001, n=8) or 
adjusted ORs group (OR: 1.40, (95% CI: 1.20–1.63), P<0.001, n=10). In either case, there was considerable heterogeneity among the 
included studies. Probable reasons for this heterogeneity may include the age of the patients, the study design (longitudinal versus 
cross-sectional), the high prevalence of other diseases associated with CKD and variations of the confounders that were entered into 
the multivariate analysis. 

The age of the patients varied among the studies, with some studies including exclusively elderly individuals or a high 
proportion of elderly (Gopinath et al., 2013; Jia et al., 2015; Chaker et al., 2016; Chuang et al., 2016; Zhang et al., 2018). However, we 
were unable to perform subgroup analysis according to age as the results of most studies that included both middle-aged and 
elderly subjects were not presented for the different age groups. It is crucial to assess the potential effect of age on the development 
of CKD. Moreover, some studies suggest that the incidence of subclinical hypothyroidism increases with advanced age (Asvold et 
al., 2011; Biondi et al., 2019). Older age is associated with several comorbidities which may predispose to the development of CKD. 
In addition, the metabolism of thyroid hormones declines with increased age, resulting in an increase in the TSH level (Bremner et 
al., 2012; Waring et al., 2012). The effect of reduced metabolism with age on thyroid hormones could lead to the exaggeration of the 
reported rates of subclinical hypothyroidism in this age group (Biondi et al., 2019).  

Subgroup analysis was done for the study type and the inclusion of diabetics only. We found an increased risk for CKD with 
subclinical hypothyroidism in studies that included diabetics only and those containing a mixture of diabetics and non-diabetics, 
with no significant difference between the subgroups (p = 0.69). However, the assessment of the risk in diabetics requires studies 
that include non-diabetic patients only, which was not available for this meta-analysis. We conducted a subgroup analysis 
according to the design of the included studies. The pooled OR from the longitudinal studies was significantly lower than that 
pooled from the cross-sectional studies (OR: 1.17 vs. 1.68, respectively, p<0.001). 

Longitudinal studies provide some evidence regarding the causality between the dependent and independent variables, which 
cannot be concluded from cross-sectional studies. This is particularly true in assessing the association between thyroid dysfunction 
and CKD, as a bidirectional relationship seems to exist. Animal studies showed that thyroid hormones can affect kidney function 
through both direct and indirect mechanisms. These mechanisms include reducing cardiac output, vasoconstriction of intra-renal 
blood vessels, decreased production and activity of renin-angiotensin-aldosterone and increased tubuloglomerular feedback 
(Iglesias et al., 2017). Some clinical studies also have revealed that thyroid hormone administration in patients with subclinical 
hypothyroidism may preserve eGFR and delay the progression of CKD (Shin et al., 2012; Shin et al., 2013; Hennessey et al., 2021). 
On the other hand, CKD can affect thyroid hormones through alterations of their regulation by the hypothalamic-pituitary-thyroid 
axis as well as changes in their metabolism, degradation and excretion (Rhee et al., 2015; Rhee, 2016; Dubczak et al., 2019). 
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There was a paucity of observational studies that reported on the prevalence of CKD in subclinical hyperthyroidism. This is 
presumably due to the lower prevalence of subclinical hyperthyroidism compared to subclinical hypothyroidism (Al-Eidan et al., 
2018; Jukić et al., 2022). Only three studies reported data for CKD risk in subjects with subclinical hyperthyroidism. The pooling of 
the findings of these results gave marginally non-significant results CKD (OR: 1.19, (95% CI: 0.92–1.53), P=0.18, n=3). Subgroup 
analysis was not done for subclinical hyperthyroidism due to the low number of studies besides minimal heterogeneity across the 
studies. Interestingly, some studies have reported that subclinical hyperthyroidism increases eGFR (Iglesias et al., 2017), but it 
seems that it leads to declining renal functions in the long run as inferred from the pooled ORs in this meta-analysis. The same 
observation was reported by another previous meta-analysis (Wang et al., 2020). 
 
Overall completeness, applicability and quality of the evidence 
The increased likelihood of CKD in subjects with subclinical hypothyroidism, relative to euthyroid subjects, was small to moderate 
in this meta-analysis (Cohen’s d = 0.186 to 0.354). The larger effect size was obtained when using calculating the unadjusted ORs 
from the studies’ raw data. The effect size was reduced by pooling the pre-calculated adjusted ORs, which is logical since the 
multivariate analyses adjusted for several factors that could on their own influence the occurrence of CKD such as age and diabetes. 
The included studies showed a high ROB in some domains, particularly sample size calculation and blinding of outcome assessors. 
Furthermore, most studies did not perform repeated exposure assessments, being cross-sectional in design. However, we 
considered that the non-blinding of outcome assessors is unlikely to introduce bias into the studies’ results as the diagnosis of CKD 
was based on laboratory measurements. The results of the ROB assessment indicate the need for longitudinal studies to assess the 
effect of subclinical thyroid dysfunctions on the development of CKD, taking into consideration the calculation of sample size as 
well as performing repeated assessments of thyroid hormones and renal functions.  

The studies of this meta-analysis may be limited by the considerable heterogeneity among the included studies. Several 
differences existed considering the study design, the basic characteristics of the participants (e.g., age, sex, race, comorbidities and 
receiving thyroxin treatment), as well as the cut-off values used to determine the states of euthyroidism and subclinical thyroid 
dysfunctions. In addition, our results were inconclusive regarding the effect of subclinical hyperthyroidism due to the low number 
of studies. We could not carry out subgroup analysis based on the age or administration of thyroxine as the data were not reported 
separately for these subsets. 
 
Agreements and disagreements with other studies or reviews 
Two previous meta-analyses addressed the relationship between subclinical thyroid dysfunctions and renal function. The first was 
an individual patient meta-analysis that was published in 2019 (Meuwese et al., 2019) and included 16 cohorts. The meta-analysis 
pooled the eGFR but did not give details on the binary outcome of CKD. They found that subjects with subclinical hypothyroidism 
had a lower eGFR than the euthyroid subjects. However, there was no further deterioration in eGFR was found on follow-up. The 
authors concluded that subclinical hypothyroidism was not linked to a worsening of renal function. They suggested that the 
reported association by cross-sectional studies may reflect the effect of reduced renal function on thyroid hormone, not the reverse. 
The other meta-analysis was published in 2020 and included eight studies (Wang et al., 2020). Their results showed that subclinical 
hypothyroidism was significantly associated with a higher risk of CKD 1.37 (95% CI: 1.13–1.67, P <0.001). Similarly, they found that 
subclinical hyperthyroidism was not significantly associated with alterations in the likelihood of CKD (OR: 1.16 (95%CI: 0.97–1.39), 
P = 0.115). 
 

5. CONCLUSIONS 
Implications for practice, policy and future research 
The results of this meta-analysis suggest that subclinical hypothyroidism has a significant association with increased risk of CKD. 
However, the evidence was inconclusive regarding the effect of subclinical hyperthyroidism. There is a need for longitudinal 
studies to confirm the effect of subclinical thyroid dysfunction as an exposure on the outcome of newly diagnosed CKD, with 
particular attention to reporting the association between subclinical hyperthyroidism and CKD which is under studied. Future 
studies should adopt sample size calculations to avoid the non-detection of an existent association or the recording of a non-existent 
one. In addition, future studies should report on subsets of patients to explore the effects of potential confounders such as age, sex 
and comorbidities. 
 
 



MEDICAL SCIENCE l ANALYSIS ARTICLE 

Medical Science 27, e44ms2732 (2023)                                                                                                                                                           12 of 14 

Authors’ contributions 
All authors contributed to the study conception and design. Literature search and data collection were performed by Laila Abdullah 
S Alanazi, Atheer Mansour E Alatawi, Dhuha Abdullah H Al Qasir, Shaden Akram A Alanazi and Raghad Abdulrahman A 
Aljohani Data extraction, risk of bias assessment and analysis were performed by Waad Ali M Alkaabneh, Tariq Alrasheed, Hadeel 
Ahmed A Albalawi and Anwar Saad E Alrashidi. The first draft of the manuscript was written by Nada Saleem S Alhawiti and 
Maryam Awad H Albalawi. The final draft of the manuscript was written by Tariq Alrasheed and Waad Ali M Alkaabneh. 
 
Ethical approval 
Not applicable. 
 
Informed consent 
Not applicable. 
 
Funding  
This study has not received any external funding. 
 
Conflict of interest  
The authors declare that there is no conflict of interests. 
 
Data and materials availability 
All data sets collected during this study are available upon reasonable request from the corresponding author. 
 

REFERENCES AND NOTES 
1. Al-Eidan E, Ur-Rahman S, Al-Qahtani S, Al-Farhan AI, 

Abdulmajeed I. Prevalence of subclinical hypothyroidism in 
adults visiting primary health-care setting in Riyadh. J 
Community Hosp Intern Med Perspect 2018; 8:11-5. doi: 10. 
1080/20009666.2017.1422672 

2. Anum F, Kumari A, Gul M, Bai S, Haseeb M, Maqsood KM, 
Jamil A, Shaukat F, Jahangir M. Frequency of subclinical 
hypothyroidism in patients with chronic kidney disease. 
Cureus 2022; 14:e25864. doi: 10.7759/cureus.25864 

3. Asvold BO, Bjøro T, Vatten LJ. Association of thyroid 
function with estimated glomerular filtration rate in a 
population-based study: The HUNT study. Europ J 
Endocrinol 2011; 164:101-5. doi: 10.1530/eje-10-0705 

4. Biondi B, Cappola AR, Cooper DS. Subclinical 
hypothyroidism: A review. J Am Med Assoc 2019; 322:153-6 
0. doi: 10.1001/jama.2019.9052 

5. Bremner AP, Feddema P, Leedman PJ, Brown SJ, Beilby JP, 
Lim EM, Wilson SG, Leary PCO, Walsh JP. Age-related 
changes in thyroid function: A longitudinal study of a 
community-based cohort. J Clin Endocrinol Metab 2012; 97: 
1554-62. doi: 10.1210/jc.2011-3020 

6. Bulur O, Dal K, Ertugrul DT, Eser M, Kaplan Efe F, 
Karakaya S, Şahin K, Baser S, Ata N, Kutlugun AA, Beyan E. 
Renal function improves with the treatment of 
hypothyroidism. Endocr Res 2017; 42:246-51. doi: 10.1080/07 
435800.2017.1293686 

7. Chaker L, Sedaghat S, Hoorn EJ, Elzen WP, Gussekloo J, 
Hofman A, Ikram MA, Franco OH, Dehghan A, Peeters RP. 
The association of thyroid function and the risk of kidney 
function decline: A population-based cohort study. Europ J 
Endocrinol 2016; 175:653-60. doi: 10.1530/eje-16-0537 

8. Chang YC, Chang CH, Yeh YC, Chuang LM, Tu YK. 
Subclinical and overt hypothyroidism is associated with 
reduced glomerular filtration rate and proteinuria: A large 
cross-sectional population study. Sci Rep 2018; 8:2031. doi: 1 
0.1038/s41598-018-19693-4 

9. Chuang MH, Liao KM, Hung YM, Wang PY, Chou YC, 
Chou P. Abnormal thyroid-stimulating hormone and 
chronic kidney disease in elderly adults in Taipei city. J Am 
Geriatr Soc 2016; 64:1267-73. doi: 10.1111/jgs.14102 

10. Cooper DS, Biondi B. Subclinical thyroid disease. Lancet 
(London, England) 2012; 379:1142-54. doi: 10.1016/s0140-673 
6(11)60276-6 

11. Boer IHD, Khunti K, Sadusky T, Tuttle KR, Neumiller JJ, 
Rhee CM, Rosas SE, Rossing P, Bakris G. Diabetes 
management in chronic kidney disease: A consensus report 
by the American diabetes association (ADA) and kidney 
disease: Improving global outcomes (KDIGO). Diabetes 
Care 2022; 45:3075-90. doi: 10.2337/dci22-0027 

12. Dubczak I, Niemczyk L, Szamotulska K, Jasik M, Rymarz A, 
Bartoszewicz Z, Niemczyk S. The influence of 
hypothyroidism and substitution treatment on thyroid 
hormone conversion ratios and rT3 concentration in patients 



MEDICAL SCIENCE l ANALYSIS ARTICLE 

Medical Science 27, e44ms2732 (2023)                                                                                                                                                           13 of 14 

with end-stage renal failure. Endokrynol Pol 2019; 70:165-71. 
doi: 10.5603/EP.a2018.0087 

13. Eşme M, Bulur O, Atak MC, Balcı C, Dal K, Ertuğrul DT, 
Dikmen ZG, Halil MG, Cankurtaran M, Balam Doğu B. 
Treatment of hypothyroidism improves glomerular 
filtration rate (GFR) in geriatric patients. Turk J Med Sci 
2021; 51:1267-72. doi: 10.3906/sag-2011-257 

14. Gopinath B, Harris DC, Wall JR, Kifley A, Mitchell P. 
Relationship between thyroid dysfunction and chronic 
kidney disease in community-dwelling older adults. 
Maturitas 2013; 75:159-64. doi: 10.1016/j.maturitas.2013.03.0 
09 

15. Hamrahian SM, Falkner B. Hypertension in chronic kidney 
disease. Adv Exp Med Biol 2017; 956:307-25. doi: 10.1007/55 
84_2016_84 

16. Hennessey JV, Weir MR, Soni-Brahmbhatt S, Duan Y, 
Gossain VV. Effect of levothyroxine on kidney function in 
chronic kidney disease with subclinical hypothyroidism in 
US veterans: A retrospective observational cohort study. 
Adv Ther 2021; 38:1185-201. doi: 10.1007/s12325-020-01589-3 

17. Iglesias P, Bajo MA, Selgas R, Díez JJ. Thyroid dysfunction 
and kidney disease: An update. Rev Eendocr Metabolic 
Disord 2017; 18:131-44. doi: 10.1007/s11154-016-9395-7 

18. Jia F, Tian J, Deng F, Yang G, Long M, Cheng W, Wang B, 
Wu J, Liu D. Subclinical hypothyroidism and the 
associations with macrovascular complications and chronic 
kidney disease in patients with Type 2 diabetes. Diabetic 
medicine. J Br Diabetic Assoc 2015; 32:1097-103. doi: 10.1111 
/dme.12724 

19. Jukić T, Vidranski V, Blažeković I, Prpić M, Jakšić I, 
Pourmodjib K, Mihaljević I, Franceschi M, Fröbe A, Kusić Z. 
the prevalence of subclinical hypothyroidism in the 
population of elderly nursing home residents in Zagreb. 
Acta Clin Croat 2022; 61:38-45. doi: 10.20471/acc.2022.61.01. 
05 

20. Lv JC, Zhang LX. Prevalence and disease burden of chronic 
kidney disease. Adv Exp Med Biol 2019; 1165:3-15. doi: 10.1 
007/978-981-13-8871-2_1 

21. Meuwese CL, Diepen MV, Cappola AR, Sarnak MJ, Shlipak 
MG, Bauer DC, Fried LP, Iacoviello M, Vaes B, Degryse J, 
Khaw KT, Luben RN, Åsvold BO, Bjøro T, Vatten LJ, Craen 
AJMD, Trompet S, Iervasi G, Molinaro S, Ceresini G, 
Ferrucci L, Dullaart RPF, Bakker SJL, Jukema JW, Kearney 
PM, Stott DJ, Peeters RP, Franco OH, Völzke H, Walsh JP, 
Bremner A, Sgarbi JA, Maciel RMB, Imaizumi M, Ohishi W, 
Dekker FW, Rodondi N, Gussekloo J, Elzen WPJD. Low 
thyroid function is not associated with an accelerated 
deterioration in renal function. Nephrol Dial Transplant 
2019; 34:650-9. doi: 10.1093/ndt/gfy071 

22. Naseem F, Mannan A, Dhrolia MF, Imtiaz S, Qureshi R, 
Ahmed A. Prevalence of subclinical hypothyroidism in 

patients with chronic kidney disease on maintenance 
hemodialysis. Saudi J Kidney Dis Transpl 2018; 29:846-51. 
doi: 10.4103/1319-2442.239646 

23. National Heart Lung Blood Institute. Study quality 
assessment tool for observational cohort and cross-sectional 
studies. In: National Heart, Lung and Blood Institute 2021. 
https://www.nhlbi.nih.gov/health-topics/study-quality-
assessment-tools 

24. Miranda ÉJFPD, Bittencourt MS, Goulart AC, Santos IS, 
Titan SMDO, Ladeira RM, Barreto SM, Lotufo PA, Benseñor 
IJM. Thyrotropin levels are associated with chronic kidney 
disease among healthy subjects in cross-sectional analysis of 
the Brazilian longitudinal study of adult health (ELSA-
Brasil). Clin Exp Nephrol 2017; 21:1035-43. doi: 10.1007/s101 
57-017-1400-2 

25. Reque-Santivañez J, Peris BG, Gonzalez NP, Alba AP, Marco 
LD, Boira EC. Subclinical hypothyroidism in advanced 
chronic kidney disease patients: Prevalence and associated 
factors. J Thyroid Res 2022; 2022:1077553. doi: 10.1155/2022/ 
1077553 

26. Rhee CM, Brent GA, Kovesdy CP, Soldin OP, Nguyen D, 
Budoff MJ, Brunelli SM, Kalantar-Zadeh K. Thyroid 
functional disease: An under-recognized cardiovascular risk 
factor in kidney disease patients. Nephrol Dial Transplant 
2015; 30:724-37. doi: 10.1093/ndt/gfu024 

27. Rhee CM. The interaction between thyroid and kidney 
disease: An overview of the evidence. Curr Opin Endocrinol 
Diabetes Obes 2016; 23:407-15. doi: 10.1097/med.0000000000 
000275 

28. Schultheiss UT, Daya N, Grams ME, Seufert J, Steffes M, 
Coresh J, Selvin E, Köttgen A. Thyroid function, reduced 
kidney function and incident chronic kidney disease in a 
community-based population: The atherosclerosis risk in 
communities study. Nephrol Dial Transplant 2017; 32:1874-8 
1. doi: 10.1093/ndt/gfw301 

29. Shin DH, Lee MJ, Kim SJ, Oh HJ, Kim HR, Han JH, Koo HM, 
Doh FM, Park JT, Han SH, Yoo TH, Kang SW. Preservation 
of renal function by thyroid hormone replacement therapy 
in chronic kidney disease patients with subclinical 
hypothyroidism. J Clin Endocrinol Metab 2012; 97:2732-40. 
doi: 10.1210/jc.2012-1663 

30. Shin DH, Lee MJ, Lee HS, Oh HJ, Ko KI, Kim CH, Doh FM, 
Koo HM, Kim HR, Han JH, Park JT, Han SH, Yoo TH, Kang 
SW. Thyroid hormone replacement therapy attenuates the 
decline of renal function in chronic kidney disease patients 
with subclinical hypothyroidism. Thyroid 2013; 23:654-61. 
doi: 10.1089/thy.2012.0475 

31. Stevens PE, Levin A. Evaluation and management of 
chronic kidney disease. Synopsis of the kidney disease: 
Improving global outcomes 2012 clinical practice guideline. 



MEDICAL SCIENCE l ANALYSIS ARTICLE 

Medical Science 27, e44ms2732 (2023)                                                                                                                                                           14 of 14 

Ann Intern Med 2013; 158:825-30. doi: 10.7326/0003-4819-15 
8-11-201306040-00007  

32. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, 
Rennie D, Moher D, Becker BJ, Sipe TA, Thacker SB. Group 
ftM-aOOSiE. Meta-analysis of observational studies in 
epidemiology. A proposal for reporting. J Am Med Assoc 
2000; 283:2008-12. doi: 10.1001/jama.283.15.2008 

33. Wang X, Zhao X, Huang X. Association of subclinical 
thyroid dysfunction with chronic kidney disease: A 
systematic review and meta-analysis. Endocr Res 2020; 45:4 
1-9. doi: 10.1080/07435800.2019.1645164 

34. Waring AC, Arnold AM, Newman AB, Bùzková P, Hirsch 
C, Cappola AR. Longitudinal changes in thyroid function in 
the oldest old and survival: The cardiovascular health study 
all-stars study. J Clin Endocrinol Metab 2012; 97:3944-50. 
doi: 10.1210/jc.2012-2481 

35. Zhang Y, Wang Y, Tao XJ, Li Q, Li FF, Lee KO, Li DM, Ma 
JH. Relationship between thyroid function and kidney 
function in patients with type 2 diabetes. Int J Endocrinol 
2018; 2018:1871530. doi: 10.1155/2018/1871530 

36. Zhou JB, Li HB, Zhu XR, Song HL, Zhao YY, Yang JK. 
Subclinical hypothyroidism and the risk of chronic kidney 
disease in T2D subjects: A case-control and dose-response 
analysis. Med (Baltimore) 2017; 96:e6519. doi: 10.1097/md.0 
000000000006519 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


