
 

Table S1 Search strategy 

Database Date Search strategy (with English language filter) Results 

PubMed 2025-02-10 ((Hypothyroidism* OR “Thyroid-Stimulating Hormone Deficiency” OR 

(Deficiency AND “Thyroid-Stimulating Hormone”) OR (“Hormone 

Deficiency” AND Thyroid-Stimulating) OR “Thyroid Stimulating Hormone 

Deficiency” OR “Thyroid-Stimulating Hormone Deficiencies” OR “TSH 

Deficiency” OR (Deficiency AND TSH) OR “TSH Deficiencies” OR 

Hypothyroid OR “Thyroid deficiency” OR “thyroid insufficiency” OR 

“underactive thyroid” OR “low thyroid” OR “Subclinical hypothyroidism” OR 

Hashimoto* OR “Chronic Lymphocytic Thyroiditis”)) AND (“Metabolic 

Syndrome” OR “Metabolic Syndromes” OR “Metabolic Syndrome X” OR 

“Insulin Resistance Syndrome X” OR “Insulin resistance syndrome” OR 

(“Syndrome X” AND Metabolic) OR (“Syndrome X” AND “Insulin 

Resistance”) OR “Metabolic X Syndrome” OR (Syndrome AND “Metabolic 

X”) OR (“X Syndrome” AND Metabolic) OR “Dysmetabolic Syndrome X” 

OR (“Syndrome X” AND Dysmetabolic) OR “Reaven Syndrome X” OR 

(“Syndrome X” AND Reaven) OR “Metabolic Cardiovascular Syndrome” OR 

(“Cardiovascular Syndrome” AND Metabolic) OR (“Cardiovascular 

Syndromes” AND Metabolic) OR (Syndrome AND “Metabolic 

Cardiovascular”) OR “Cardiometabolic Syndrome” OR “Cardiometabolic 

Syndromes” OR (Syndrome AND Cardiometabolic) OR (Syndromes AND 

Cardiometabolic)) 

 

522 

Scopus 2025-02-10 ((ALL(Hypothyroidism*) OR TITLE-ABS-KEY(“Thyroid-Stimulating 

Hormone Deficiency”) OR (TITLE-ABS-KEY(Deficiency) AND TITLE-ABS-

KEY(“Thyroid-Stimulating Hormone”)) OR (TITLE-ABS-KEY(“Hormone 

Deficiency”) AND TITLE-ABS-KEY(Thyroid-Stimulating)) OR TITLE-ABS-

KEY(“Thyroid Stimulating Hormone Deficiency”) OR TITLE-ABS-

KEY(“Thyroid-Stimulating Hormone Deficiencies”) OR TITLE-ABS-

KEY(“TSH Deficiency”) OR (TITLE-ABS-KEY(Deficiency) AND TITLE-

ABS-KEY(TSH)) OR TITLE-ABS-KEY(“TSH Deficiencies”) OR TITLE-

ABS-KEY(Hypothyroid) OR TITLE-ABS-KEY(“Thyroid deficiency”) OR 

TITLE-ABS-KEY(“thyroid insufficiency”) OR TITLE-ABS-

KEY(“underactive thyroid”) OR TITLE-ABS-KEY(“low thyroid”) OR 

ALL(“Subclinical hypothyroidism”) OR TITLE-ABS-KEY(Hashimoto*) OR 

TITLE-ABS-KEY(“Chronic Lymphocytic Thyroiditis”))) AND (TITLE-ABS-

KEY(“Metabolic Syndrome”) OR TITLE-ABS-KEY(“Metabolic Syndromes”) 

OR TITLE-ABS-KEY(“Metabolic Syndrome X”) OR TITLE-ABS-

KEY(“Insulin Resistance Syndrome X”) OR TITLE-ABS-KEY(“Insulin 

resistance syndrome”) OR (TITLE-ABS-KEY(“Syndrome X”) AND TITLE-

ABS-KEY(Metabolic)) OR (TITLE-ABS-KEY(“Syndrome X”) AND TITLE-

ABS-KEY(“Insulin Resistance”)) OR TITLE-ABS-KEY(“Metabolic X 

Syndrome”) OR (TITLE-ABS-KEY(Syndrome) AND TITLE-ABS-

KEY(“Metabolic X”)) OR (TITLE-ABS-KEY(“X Syndrome”) AND TITLE-

ABS-KEY(Metabolic)) OR TITLE-ABS-KEY(“Dysmetabolic Syndrome X”) 

OR (TITLE-ABS-KEY(“Syndrome X”) AND TITLE-ABS-

KEY(Dysmetabolic)) OR TITLE-ABS-KEY(“Reaven Syndrome X”) OR 

(TITLE-ABS-KEY(“Syndrome X”) AND TITLE-ABS-KEY(Reaven)) OR 

TITLE-ABS-KEY(“Metabolic Cardiovascular Syndrome”) OR (TITLE-ABS-

KEY(“Cardiovascular Syndrome”) AND TITLE-ABS-KEY(Metabolic)) OR 

(TITLE-ABS-KEY(“Cardiovascular Syndromes”) AND TITLE-ABS-

KEY(Metabolic)) OR (TITLE-ABS-KEY(Syndrome) AND TITLE-ABS-

KEY(“Metabolic Cardiovascular”)) OR TITLE-ABS-KEY(“Cardiometabolic 

Syndrome”) OR TITLE-ABS-KEY(“Cardiometabolic Syndromes”) OR 

(TITLE-ABS-KEY(Syndrome) AND TITLE-ABS-KEY(Cardiometabolic)) OR 

(TITLE-ABS-KEY(Syndromes) AND TITLE-ABS-KEY(Cardiometabolic))) 

1810 

Embase 2025-02-10 ((Hypothyroidism* OR 'Thyroid-Stimulating Hormone Deficiency':ti,ab OR 

(Deficiency:ti,ab AND 'Thyroid-Stimulating Hormone':ti,ab) OR ('Hormone 

Deficiency':ti,ab AND Thyroid-Stimulating:ti,ab) OR 'Thyroid Stimulating 

1058 



Hormone Deficiency':ti,ab OR 'Thyroid-Stimulating Hormone 

Deficiencies':ti,ab OR 'TSH Deficiency':ti,ab OR (Deficiency:ti,ab AND 

TSH:ti,ab) OR 'TSH Deficiencies':ti,ab OR Hypothyroid:ti,ab OR 'Thyroid 

deficiency':ti,ab OR 'thyroid insufficiency':ti,ab OR 'underactive thyroid':ti,ab 

OR 'low thyroid':ti,ab OR 'Subclinical hypothyroidism' OR Hashimoto* OR 

'Chronic Lymphocytic Thyroiditis')) AND ('Metabolic Syndrome':ti,ab OR 

'Metabolic Syndromes':ti,ab OR 'Metabolic Syndrome X':ti,ab OR 'Insulin 

Resistance Syndrome X':ti,ab OR 'Insulin resistance syndrome':ti,ab OR 

('Syndrome X':ti,ab AND Metabolic:ti,ab) OR ('Syndrome X':ti,ab AND 

'Insulin Resistance':ti,ab) OR 'Metabolic X Syndrome':ti,ab OR 

(Syndrome:ti,ab AND 'Metabolic X':ti,ab) OR ('X Syndrome':ti,ab AND 

Metabolic:ti,ab) OR 'Dysmetabolic Syndrome X':ti,ab OR ('Syndrome X':ti,ab 

AND Dysmetabolic:ti,ab) OR 'Reaven Syndrome X':ti,ab OR ('Syndrome 

X':ti,ab AND Reaven:ti,ab) OR 'Metabolic Cardiovascular Syndrome':ti,ab OR 

('Cardiovascular Syndrome':ti,ab AND Metabolic:ti,ab) OR ('Cardiovascular 

Syndromes':ti,ab AND Metabolic:ti,ab) OR (Syndrome:ti,ab AND 'Metabolic 

Cardiovascular':ti,ab) OR 'Cardiometabolic Syndrome':ti,ab OR 

'Cardiometabolic Syndromes':ti,ab OR (Syndrome:ti,ab AND 

Cardiometabolic:ti,ab) OR (Syndromes:ti,ab AND Cardiometabolic:ti,ab)) 

Web of Science 

Core Collection 

2025-02-10 ((ALL=(Hypothyroidism*) OR ALL=(“Thyroid-Stimulating Hormone 

Deficiency”) OR (ALL=(Deficiency) AND ALL=(“Thyroid-Stimulating 

Hormone”)) OR (ALL=(“Hormone Deficiency”) AND ALL=(Thyroid-

Stimulating)) OR ALL=(“Thyroid Stimulating Hormone Deficiency”) OR 

ALL=(“Thyroid-Stimulating Hormone Deficiencies”) OR ALL=(“TSH 

Deficiency”) OR (ALL=(Deficiency) AND ALL=(TSH)) OR ALL=(“TSH 

Deficiencies”) OR ALL=(Hypothyroid) OR ALL=(“Thyroid deficiency”) OR 

ALL=(“thyroid insufficiency”) OR ALL=(“underactive thyroid”) OR 

ALL=(“low thyroid”) OR ALL=(“Subclinical hypothyroidism”) OR 

ALL=(Hashimoto*) OR ALL=(“Chronic Lymphocytic Thyroiditis”))) AND 

(ALL=(“Metabolic Syndrome”) OR ALL=(“Metabolic Syndromes”) OR 

ALL=(“Metabolic Syndrome X”) OR ALL=(“Insulin Resistance Syndrome 

X”) OR ALL=(“Insulin resistance syndrome”) OR (ALL=(“Syndrome X”) 

AND ALL=(Metabolic)) OR (ALL=(“Syndrome X”) AND ALL=(“Insulin 

Resistance”)) OR ALL=(“Metabolic X Syndrome”) OR (ALL=(Syndrome) 

AND ALL=(“Metabolic X”)) OR (ALL=(“X Syndrome”) AND 

ALL=(Metabolic)) OR ALL=(“Dysmetabolic Syndrome X”) OR 

(ALL=(“Syndrome X”) AND ALL=(Dysmetabolic)) OR ALL=(“Reaven 

Syndrome X”) OR (ALL=(“Syndrome X”) AND ALL=(Reaven)) OR 

ALL=(“Metabolic Cardiovascular Syndrome”) OR (ALL=(“Cardiovascular 

Syndrome”) AND ALL=(Metabolic)) OR (ALL=(“Cardiovascular 

Syndromes”) AND ALL=(Metabolic)) OR (ALL=(Syndrome) AND 

ALL=(“Metabolic Cardiovascular”)) OR ALL=(“Cardiometabolic Syndrome”) 

OR ALL=(“Cardiometabolic Syndromes”) OR (ALL=(Syndrome) AND 

ALL=(Cardiometabolic)) OR (ALL=(Syndromes) AND 

ALL=(Cardiometabolic))) 

928 

 

 

 

 

 

 

 

 

 



Table S2 Diagnostic criteria for metabolic syndrome 

Component NCEP ATP III IDF Joint Interim 

Statement 

Chinese Diabetes 

Society 

Diagnostic 

requirement 

≥ 3 of 5 components Central obesity 

(required) + ≥ 2 

components 

≥ 3 of 5 components ≥ 3 of 5 components 

Central Obesity (Waist 

Circumference) 

Men ≥ 102 cm 

Women ≥ 88 cm 

Ethnicity-specific 

cutoffs 

Ethnicity-specific 

cutoffs 

Men ≥ 90 cm 

Women ≥ 85 cm 

Triglycerides ≥ 150 mg/dL or drug 

treatment 

≥ 150 mg/dL or 

treatment 

≥ 150 mg/dL or drug 

treatment 

≥ 150 mg/dL 

HDL Cholesterol Men < 40 mg/dL 

Women < 50 mg/dL 

or drug treatment 

Men < 40 mg/dL 

Women < 50 mg/dL 

or treatment 

Men < 40 mg/dL 

Women < 50 mg/dL 

or drug treatment 

Men < 35 mg/dL 

Women < 39 mg/dL 

Blood Pressure ≥ 130/85 mmHg or 

drug treatment 

≥ 130/85 mmHg or 

treatment 

≥ 130/85 mmHg or 

drug treatment 

≥ 130/85 mmHg or 

treatment 

Fasting Plasma 

Glucose 

≥ 100 mg/dL or drug 

treatment  

≥ 100 mg/dL or 

previously diagnosed 

type 2 diabetes 

≥ 100 mg/dL or drug 

treatment  

≥ 110 mg/dL or 2-hour 

post prandial glucose 

≥ 140 or diabetes 

The fasting plasma glucose threshold for NCEP ATP III was originally ≥ 110 mg/dL (2001) and revised to ≥ 100 mg/dL in 

2005. The 2005 update also acknowledged that lower, ethnicity-specific cutoffs may be more appropriate for certain 

populations. 

In the original Chinese Diabetes Society criteria (2004), triglycerides and HDL cholesterol were combined into a single 

“dyslipidemia” component, and diagnosis required ≥ 3 of 4 components. The original criteria also used BMI ≥ 25 instead of 

waist circumference and blood pressure of ≥ 140/90 

 

Table S3 Quality assessment of the studies with the JBI checklist 
Author 

(year) 

Was the 

sample 

frame 

appropriat

e to 
address 

the target 

population
? 

 

Were 

study 

participant

s recruited 

in an 
appropriat

e way? 

 

Was the 

sample 

size 

adequate

? 

 

Were the 

study 

subjects 

and 

setting 
describe

d in 

detail? 

 

Was data 

analysis 

conducte

d with 

sufficient 
coverage 

of the 

identified 
sample? 

 

Were valid 

methods 

used for the 

identificatio

n of the 
condition? 

 

Was the 

condition 

measured 

in a 

standard, 
reliable 

way for all 

participants
? 

 

Was there 

appropriat

e 

statistical 

analysis? 

 

Was the 

response rate 

adequate, 

and if not, 

was the low 
response rate 

managed 

appropriately
? 

 
Agarwal 

(2011) 

No No No No Unclear Yes No No Unclear 

Ahirwar 

(2017) 

No No No Yes Unclear Yes Yes Yes Unclear 

Aldhafiri 

(2022) 

No No Yes Yes Unclear Yes Yes Yes Unclear 

Baghel 

(2023) 

Yes No Yes No Unclear Yes No No Unclear 

Bermudez 

(2018) 

Yes Yes Yes No Yes Yes Yes Yes Yes 

Bhaskar 

(2022) 

Yes No Yes Yes Unclear No No No Unclear 

Chang 

(2017) 

Yes Yes Yes No No Yes No Yes Yes 

Choudhary 

(2016) 

Yes No Yes Yes Unclear Yes Yes Yes Unclear 

Deshmukh 

(2018) 

Yes Yes Yes Yes Unclear Yes No No Unclear 

Deshpande 

(2023) 

Yes No No Yes Unclear No No Yes Unclear 

Garduno-

Garcia 

(2010) 

Yes Yes Yes Yes Unclear Yes Yes Yes Unclear 



Gierach 
(2015) 

No Yes Yes No Unclear Yes No Yes Unclear 

Gupta 

(2016) 

Yes No No No Unclear Yes Yes No Unclear 

Gyawali 
(2015) 

Yes Unclear Yes No Unclear Yes Yes Yes Unclear 

Khan (2011) Yes No Yes Yes Unclear Yes No Yes Unclear 

Khatiwada 

(2016) 

Yes No Yes Yes Unclear Yes Yes Yes Unclear 

Kumar 
(2022) 

Yes No Yes Yes Unclear No No Yes Unclear 

Lai (2011) No Yes Yes Yes Unclear Yes Yes Yes Unclear 

Lai (2011)  Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Lakhani 
(2024) 

Yes No No Yes Unclear No No Yes Unclear 

Mahesh 

(2022) 

Yes No Yes No Unclear Yes Yes No Unclear 

Meher 

(2013) 

Yes No Yes Yes Unclear Yes Yes Yes Unclear 

Mehran 

(2017) 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Orluwene 
(2013) 

No No No No Unclear Yes Yes Yes Unclear 

Osmani 

(2022) 

Yes No Yes No Unclear Yes No Yes Unclear 

Patel (2023) Yes No No No Unclear No No No Unclear 

Ramezani-

Tehrani 

(2011) 

No Yes Yes Yes Unclear Yes Yes Yes Yes 

Rao (2022) Yes Unclear Yes No Unclear No No No Unclear 

Saluja 

(2017) 

Yes No Yes No Unclear No No No Unclear 

Senthil 

(2015) 

Yes No Yes No Unclear No No No Unclear 

Shantha 

(2009) 

Yes No Yes No Unclear Yes Yes Yes Unclear 

Sharma 

(2017) 

Yes No Yes No Unclear No No No Unclear 

Suganya 

(2016) 

No Unclear No No Unclear No Yes Yes Unclear 

Suhashini 

(2018) 

Unclear No No No Unclear No Yes Yes Unclear 

Tale (2024) Yes No No No Unclear Yes No Yes Unclear 

Uzunlulu 

(2007) 

No No Yes Yes Unclear Yes Yes Yes Unclear 

Vishwakarm
a (2024) 

Yes No No No Unclear No Yes No Unclear 

Wang 

(2012) 

Yes No Yes Yes Yes Yes No Yes Yes 

Xie (2023) No No Yes Yes Unclear Yes Yes Yes Yes 

Yadav 
(2017) 

No No No No Unclear No No Yes Unclear 

 



 

Fig. S1 forest plot showing the pooled prevalence of overt hypothyroidism among females with metabolic syndrome 

 

Fig. S2 forest plot showing the pooled prevalence of overt hypothyroidism among males with metabolic syndrome 

 



 

Fig. S3 forest plot showing the pooled prevalence of subclinical hypothyroidism among females with metabolic syndrome 

 

Fig. S4 forest plot showing the pooled prevalence of subclinical hypothyroidism among males with metabolic syndrome 



 

 

 

 



 



 



 



 

 



 



 



 

Fig. S5 forest plot showing the pooled prevalence of overt hypothyroidism with subgroup analysis based on a) publication year, 

b) country, c) risk of bias, d) sample size, e) mean age, f) mean BMI, g) TSH diagnostic cut-off, h) MetS diagnostic criteria, i) 

Study design 



 



 



 



 



 

 



 



 



 



 

Fig. S6 forest plot showing the pooled prevalence of subclinical hypothyroidism with subgroup analysis based on a) publication 

year, b) country, c) risk of bias, d) sample size, e) mean age, f) mean BMI, g) TSH diagnostic cut-off, h) MetS diagnostic criteria, 

i) Study design 

 

 



Fig. S7 Freeman-Tukey double arcsine transformed funnel plot for the prevalence of overt hypothyroidism 



Fig. S8 Freeman-Tukey double arcsine transformed funnel plot for the prevalence of subclinical hypothyroidism 



Fig. S9 Leave-one-out sensitivity analysis for overt hypothyroidism 



Fig. S10 Leave-one-out sensitivity analysis for subclinical hypothyroidism 


