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Abstract 

Background  Thyroid dysfunction (TD) and type 2 diabetes mellitus (T2DM) frequently co-occur and have over-
lapping pathologies, and their risk increases with age. Thyroid dysfunction along with T2DM will worsen macro- 
and microvascular complications, morbidity, and mortality.

Methods  The Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement guideline was fol-
lowed. The databases used were Embase, ScienceDirect, PubMed, and Google Scholar. The Joana Briggs Institute (JBI) 
scale was used to assess the quality of the included studies. The data was extracted by Microsoft Excel and analyzed 
through STATA version 14 software. The overall pooled prevalence of TD and its main components were estimated 
using the random-effects model. The consistency of studies was assessed by I2 test statistics. Pooled meta-logistic 
regression was used to present the pooled prevalence with a 95% confidence interval (CI). Besides, subgroup and sen-
sitivity analyses were employed.

Result  Thirty-eight studies were included. The pooled prevalence of TD was 20.24% (95% CI: 17.85, 22.64). The 
pooled prevalence of subclinical hypothyroidism, hypothyroidism, subclinical hyperthyroidism, and hyperthyroidism 
was found to be 11.87% (95% CI: 6.90, 16.84), 7.75% (95% CI: 5.71, 9.79), 2.49% (95% CI: 0.73, 4.25), and 2.51% (95% CI: 
1.89, 3.13), respectively. Subgroup analysis based on continent revealed a higher prevalence of TD in Asia and Africa. 
Factors like being female, HbA1c ≥ 7%, DM duration > 5 years, family history of TD, central obesity, smoking, the pres-
ence of retinopathy, and neuropathy were found associated with TD.

Conclusion  The current systematic review and meta-analysis showed that the TD’s pooled prevalence was relatively 
higher than the general population. Therefore, regular screening of TD should be done for T2DM patients.
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Introduction
Thyroid dysfunction (TD), the most common endocri-
nal pathology next to diabetes mellitus (DM) [1], is a 
condition characterized by an increased or decreased 
production of thyroid hormones (TH) [2]. TDs occur as 
hypothyroidism (clinical or subclinical) or hyperthyroid-
ism (clinical or subclinical) and are reflected in circulat-
ing levels of free triiodothyronine (FT3), free thyroxine 
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(FT4), and TSH [3]. Type 2 diabetes mellitus (T2DM) 
is characterized by hyperglycemia as a result of insulin 
resistance and impaired pancreatic beta-cell activity [4, 
5]. Obesity, a sedentary lifestyle, energy-dense foods, 
smoking, alcohol intake, and population aging are the key 
risk factors for T2DM [6].

Type 2 diabetes mellitus and TD often co-occur and 
have overlapping pathologies, and their risk increases 
with age. TDs are significantly more prevalent among 
T2DM patients [1]. TDs affect approximately 10 to 15% 
of the patients with diabetes, whereas in non-diabetes, 
the prevalence is approximately 6% [3]. The prevalence of 
TD in T2DM varies between studies, ranging from very 
low (5.5%) to very high (75%) [7]. Furthermore, studies 
have also recorded a higher prevalence of TD (31.4%) 
among females with T2DM [8]. Subclinical hypothyroid-
ism is the most common type of TD among the diabetic 
population [9–11].

There is a complex relationship between TD and DM 
that has yet to be discovered. The pathophysiological link 
between T2DM and TD is thought to be the outcome of 
a complex interaction of biochemical, genetic, and hor-
monal abnormalities [12]. T2DM influences the TH in 
two sites, first at the level of hypothalamus by control-
ling TRH release and second at the peripheral tissues by 
impairing the conversion of T4 to T3 [13, 14]. The hypo-
thalamus–pituitary–thyroid axis may be disrupted by 
experimentally induced diabetes, which lowers plasma 
TRH and TSH levels, lowering TH synthesis. [15]. In 
addition to this, anti-diabetics such as sulfonylureas and 
thiazolidinedione group drugs (e.g., pioglitazone) can 
negatively impact thyroid function [12].

Thyroid dysfunction can also cause T2DM. Both hypo-
thyroidism and hyperthyroidism have been investigated 
to be associated with DM [1]. Hypothyroidism is associ-
ated with reduced glucose absorption from GIT, and it is 
accompanied by prolonged peripheral glucose accumu-
lation, diminished hepatic glucose output, and reduced 
utilization of glucose, which were considered hallmarks 
of diabetes [16]. On the other hand, hyperthyroidism 
promotes hyperglycemia, and several theories have been 
proposed to explain this impact. In a thyrotoxic envi-
ronment, the half-life of insulin is shortened, which is 
assumed to be related to the accelerated degradation of 
the active hormone and the release of inactive precursors 
[17]. In addition, hyperthyroidism is also hypothesized to 
boost glucose production through a variety of processes, 
including upregulation of gluconeogenesis as a result of 
increased lipolysis and lactate overproduction, as well as 
increased hepatic output due to increased expression of 
the GLUT2 glucose transporter [18].

The coexistence of TD in T2DM patients will worsen 
the macro-vascular and microvascular complications, 

morbidity, mortality, and quality of life [11]. Evidence 
indicates that subclinical hypothyroidism compromises 
both micro- and macrovascular function, increasing the 
risk of peripheral neuropathy, peripheral artery disease, 
and diabetic nephropathy [13, 19]. In addition to this, 
both subclinical hyperthyroidism and T2DM have been 
associated with an increase in cardiovascular disease risk 
and mortality [20]. Both TD and DM, especially uncon-
trolled diabetes, cause many health problems. Increased 
frequency of hypoglycemia in hypothyroidism and devel-
opment of potentially life-threatening ketoacidosis in 
thyrotoxicosis are the most serious effects [21].

Detecting TD in T2DM patients would help clinicians 
provide the best treatment for metabolic problems, as 
TDs like hypothyroidism can make achieving a glycemic 
target and managing other comorbidities difficult [11]. 
Screening of TD, especially the subclinical dysfunction, 
in patients with DM is justified because most patients 
can be asymptomatic [22]. The strong link between dia-
betes and TD encouraged the American Diabetes Asso-
ciation to propose that people with diabetes must be 
checked periodically for TD [23].

There are different studies conducted to assess the 
prevalence and associated factors of TD among T2DM 
all over the world. Despite their results having a great 
disparity and inconsistent findings, moreover, there is 
no previous systematic review and meta-analysis that 
estimated the prevalence and associated factors of TD 
among T2DM. Therefore, the current systematic review 
and meta-analysis is designed to assess the pooled 
prevalence and associated factors of TD among T2DM 
patients.

Methods and materials
Eligibility criteria
Inclusion criteria
Studies on the prevalence and associated factors of TD 
among adult T2DM patients published in different peer-
reviewed journals between 2000 and 2022 were included. 
All studies were original research published in English 
and contained the minimum information concerning 
sample size and status of TD, which helped to analyze a 
pooled estimate of the prevalence of TD and associated 
factors among adult T2DM patients. Besides, studies in 
which TD has been classified as hypothyroidism, hyper-
thyroidism, subclinical hypothyroidism, and subclinical 
hyperthyroidism using laboratory measurements of TSH, 
T4, and T3 were included.

Hypothyroidism is characterized by elevated serum 
TSH levels, a low serum FT4 level, and low FT3 [24, 
25], whereas hyperthyroidism is characterized by ele-
vated serum FT4 and FT3 and low levels of TSH levels 
[26]. Subclinical hyperthyroidism is characterized by 
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decreased serum TSH concentration in association with a 
normal serum FT4 and FT3 concentrations [26]. Subclin-
ical hypothyroidism is defined as an elevated serum TSH 
level associated with normal total or FT4 and FT3 levels 
[20]. Studies that used International Diabetes Federation 
(IDF) criteria for diagnosing T2DM were included. The 
IDF criteria state diagnostic criteria for diabetes which is 
maintained fasting plasma glucose ≥ 7.0 mmol/l (126 mg/
dl) or 2–h plasma glucose ≥ 11.1 mmol/l (200 mg/dl) [27].

Exclusion criteria
Articles written in another language other than Eng-
lish were excluded. Studies conducted among type 1 
DM patients, and diabetic neuropathy patients, were 
excluded. Studies from non-original papers (literature 
reviews, books) were also excluded. Irrelevant and dupli-
cated papers were excluded. Articles which lacked neces-
sary information such as age and year of study were also 
excluded. Studies that did not show the diagnostic crite-
ria for both T2DM and TD were omitted. Furthermore, 
articles that did not provide information on the overall 
prevalence of TD were omitted.

Search strategy
The Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) statement guideline was 
used to report this systematic review and meta-analysis 
[28]. An electronic search was conducted to retrieve 
studies. Published articles of cross-sectional, case–con-
trol, cohort, prospective, case series, and retrospective 
studies were included. Embase, PubMed, Google Scholar, 
and ScienceDirect literature were the electronic data-
bases used to identify studies conducted on the preva-
lence of TD and associated factors among T2DM patients 
published from 2000 to 2022. The search terms were used 
in agreement with the title/abstract using the arrange-
ment of keywords that were used to select relevant stud-
ies. Figure  1 shows the flow chart used to describe the 
selection of studies.

Using Boolean operators like “OR” and “AND,” the 
search terms were utilized separately and in combina-
tion. An example of the search strategy used to retrieve 
relevant articles was as follows: (((((((prevalence[Title/
Abstract]) AND (hypothyroidism[Title/Abstract])) 
AND (hyperthyroidism [Title/Abstract])) AND (thy-
roid disorders[Title/Abstract])) OR (thyroid dysfunction 
[Title/Abstract])) AND (adult[Title/Abstract])) AND 
(type 2 diabetes mellitus[Title/Abstract])) OR (insulin 
resistant diabetes[Title/Abstract]). Duplicated data were 
excluded. The software EndNote version X8 (Thomson 
Reuters, New York, NY, USA) was used to manage refer-
ences and remove duplicated references.

Search method and quality assessment
An electronic search was conducted in Embase, PubMed, 
Google Scholar, and ScienceDirect literature using the 
keywords to include articles that were published from 
2000 to 2022. Then, searched articles were screened by 
the title and abstract to consider the articles in the full-
text review. Following the exclusion of duplicates, the 
abstracts and titles of 413 papers were screened for eligi-
bility criteria, and 38 were chosen for full-text evaluation.

This systematic review and meta-analysis is based on 
original research articles. For maintaining the quality 
of the review, all duplications were checked thoroughly. 
The abstracts of these articles were checked deeply for 
the analysis and purification. A careful evaluation of each 
research paper was carried out at later stage.

The quality of the studies was assessed using the Joana 
Briggs Institute (JBI) standardized critical appraisal 
instrument for prevalence studies scale. The following 
items were used to appraise the included studies: (Q1) 
Was the sample frame appropriate to address the target 
population?, (Q2): Were study participants sampled in an 
appropriate way?, (Q3): Was the sample size adequate?, 
(Q4): Were the study subjects and the setting described 
in detail?, (Q5): Was the data analysis conducted with 
sufficient coverage of the identified sample?, (Q6): Were 
valid methods used for the identification of the condi-
tion?, (Q7): Was the condition measured in a standard, 
reliable way for all participants?, (Q8): Was there appro-
priate statistical analysis?, and (Q9): Was the response 
rate adequate, and if not, was the low response rate man-
aged appropriately? Table  1 shows the methodological 
quality assessment of included studies using the Joana 
Briggs Institute (JBI) standardized critical appraisal 
instrument for prevalence studies scale.

Data extraction
An established data extraction tool, Microsoft Excel 2013 
spreadsheet, was used for the data extraction. Three 
authors (R. H., A. W., and S. A.) independently con-
ducted a search in Embase, PubMed, Google Scholar, and 
ScienceDirect databases. This tool extracted information 
such as the author’s name, publication year, study design, 
sample size, prevalence of TD, prevalence of subgroups 
of TD, and the laboratory diagnostic method used to 
diagnose TD, and T2DM were all extracted using this 
tool. PRISMA guideline was strictly followed when con-
ducting this review.

Data processing and analysis
Data was entered and analyzed using STATA version 14 
after extracting the data from all eligible studies. Over-
all, pooled prevalence of TD and its main components 
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were estimated using the random-effects model. In the 
meta-analysis, to assess the consistency of studies, I2 test 
statistics was used. This test examines the hypothesis of 
all the included studies is evaluated for the same effect. 
Consequently, since there was heterogeneity between the 
original studies (I2 = 93.5%, p < 0.001), a random-effect 
model was needed. The presence of publication bias was 
evaluated by using funnel plot test. Besides, study bias 
was evaluated using Egger’s test. Moreover, in this study, 
forest plots were used to estimate pooled effect size and 
effect of each study with their confidence interval (CI) to 
provide a visual image of the data. Pooled meta-logistic 
regression was used to present the pooled prevalence 

with a 95% confidence interval. Besides, subgroup and 
sensitivity analyses were employed.

Results
Characteristics of the included studies
A total of 840 potential articles were identified through 
the systematic literature search. After removal of dupli-
cates, 413 articles were screened by title and abstract, 
and 74 were found to be eligible for full-text assessment. 
Of these full-text-screened articles, 38 (including 19,803 
study participants) were found to be eligible for meta-
analysis. Table  2 shows the general characteristics and 
outcomes of included studies.

Fig. 1  Flow chart to describe the selection of studies for the systematic review and meta-analysis of the prevalence of TD and associated factors 
among adult type 2 DM patients



Page 5 of 16Hadgu et al. Systematic Reviews          (2024) 13:119 	

The studies that are included were done all over the 
globe and published between 2000 and 2022. The meta-
analysis included 38 studies that revealed the prevalence 
and contributing factors of TD among T2DM patients. 
Among all the papers, 6 of them were from Africa [3, 

31, 35, 43, 45, 51], 28 were from Asia [3, 7–9, 11, 14, 
16, 23, 24, 29, 32–34, 37–42, 44, 46, 47, 49, 50, 52–58], 
1 was from Australia [48], 2 were from Europe [10, 30], 
and 1 was from South America [22]. Regarding the study 
design, 9 were case–control, 1 case series, 3 were cohort, 

Table 1  Methodological quality assessment of included studies using Joana Briggs Institute (JBI) standardized critical appraisal 
instrument for prevalence studies

Q1: Was the sample frame appropriate to address the target population? Q2: Were study participants sampled in an appropriate way? Q3: Was the sample size 
adequate? Q4: Were the study subjects and the setting described in detail? Q5: Was the data analysis conducted with sufficient coverage of the identified sample? 
Q6: Were valid methods used for the identification of the condition? Q7: Was the condition measured in a standard, reliable way for all participants? Q8: Was there 
appropriate statistical analysis? Q9: Was the response rate adequate, and if not, was the low response rate managed appropriately?

Y yes, N no, U unclear

First author/year Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Total

Zhu, Y. et al. (2019) [26] N N Y Y Y Y Y Y Y 7

Vamshidhar et al. (2020) [16] Y Y N Y Y Y Y Y Y 8

Subekti, I. et al. (2017) [11] Y Y Y Y Y Y Y Y Y 9

Papazafiropoulou, A. et al. (2010) [27] Y Y Y Y Y Y N Y N 7

Palma, C. C. et al. (2013) [22] Y Y Y Y Y Y Y Y Y 9

Ogbonna, S. U. and I. U. Ezeani (2019) [28] Y Y Y Y Y Y Y Y Y 9

Khatiwada, S. et al. (2015) [29] Y Y Y N Y Y Y Y Y 8

Díez, J. J. et al. (2012) [20] Y Y Y Y Y Y Y Y Y 9

Al-Geffari, M. et al. (2013) [23] Y Y Y Y Y Y Y Y Y 9

Radaideh, A. et al. (2004) [30] Y Y Y N Y Y Y Y Y 8

Ozair, M. et al. (2021) [31] Y Y Y Y Y Y Y Y Y 9

Elgazar, E. H. et al. (2019) [32] Y Y Y Y Y Y Y Y Y 9

Moslem, F. et al. (2015) [14] Y Y Y Y N Y Y Y Y 8

Younes Y. R. (2020) [33] Y Y Y Y Y Y Y Y Y 9

Haque S. I. U. et al. (2019) [34] Y Y Y Y Y Y Y Y Y 9

Ahmed A. A. et al. (2017) [3] Y Y Y Y Y Y Y Y Y 9

Papanna J. et al. (2019) [8] N Y Y N Y Y Y Y Y 8

Mausam Jain et al. (2020) [35] Y Y Y Y N Y Y Y Y 8

Al-Wazzan, H. et al. (2010) [36] Y Y Y Y Y Y Y Y Y 9

Jain G. et al. (2013) [37] N Y N Y N Y Y Y Y 6

Noori D. A. S. et al. (2019) [38] Y N Y Y Y N Y Y Y 7

Jalal M. J. et al. (2019) [39] Y Y N Y Y Y N Y Y 7

Ghazali et al. (2010) [40] Y Y Y N Y N Y Y Y 7

Vikhe, V. B. et al. (2013) [9] Y Y Y Y N N Y Y Y 7

Akbar D. H. et al. (2006) [41] N Y Y Y N Y Y Y Y 7

Khassawneh, A. H. et al. (2020) [42] Y Y Y N Y Y N Y Y 7

Sarfo-Kantanka O. et al. (2017) [43] Y Y Y N N Y Y Y Y 7

Padma V. et al. (2015) [44] N Y N Y Y Y Y Y Y 7

Hussain T. et al. (2019) [45] N Y N Y Y Y Y Y Y 7

Peters, K. E. et al. (2020) [46] Y Y Y N Y Y Y Y Y 8

Yadav, A. et al. (2021) [47] Y Y Y N Y Y Y Y Y 8

Tudor, R. M. et al. (2018) [10] Y Y Y Y Y Y Y Y Y 9

Demitrost, L. et al. (2012) [48] Y Y Y Y Y Y Y Y Y 9

Elmenshawi I. et al. (2017) [49] Y Y Y N Y Y Y Y Y 8

Al-Lehibi K. I. et al. (2019) [50] Y Y Y Y Y N Y N Y 7

Jugati A., Biradar M. (2018) [51] Y Y Y Y Y Y Y Y Y 9

Aljabri K. S. (2019) [52] Y Y Y Y Y Y Y Y Y 9

Vij V. et al. (2014) [53] Y Y Y N Y N Y Y Y 7
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21 were cross-sectional, 1 prospective, and 3 retrospec-
tive studies. The minimum sample size was 40 partici-
pants in a case–control study conducted in India [55], 
while the highest sample size was 2219 participants, in a 
cohort study conducted in India [49].

The Joana JBI standardized critical appraisal instru-
ment for prevalence studies indicated that none of the 
included studies was of poor quality. After quality assess-
ment, the 38 studies were subjected to meta-analysis. 

Table 2 presents the characteristics and outcomes of the 
reviewed studies. The prevalence of TD was estimated 
based on measurement of blood levels of TSH, FT3, and 
FT4 among the T2DM patients from all over the world.

Prevalence of TD among adult T2DM patients
Thirty-eight published studies were included in this 
systematic review and meta-analysis, and all of these 

Table 2  General characteristics and outcomes of the included studies (n = 38)

Shypo subclinical hypothyroidism, Hypo hypothyroidism, Shyper subclinical hyperthyroidism, Hyper hyperthyroidism, CS and CC cross sectional and case control

No Author and year Country Sample size Study design P (%) Shypo Hypo Shyper Hyper Study quality

1 Zhu, Y. et al. (2019) [26] China 1677 Cross sectional 23.79 4.89 9.3 1.13 3.16 Good

2 Vamshidhar et al. (2020) [16] India 50 Cross sectional 16 8 6 0 2 Good

3 Tudor, R. M. et al. (2018) [10] Ireland 618 Cohort 30.5 15.5 3.5 9.7 1.8 Good

4 Subekti, I. et al. (2017) [11] Indonesia 303 Cross sectional 9.9 0 7.59 0 2.31 Good

5 Papazafiropoulou, A. et al. (2010) [27] Greek 1092 Cross sectional 12.3 Good

6 Palma, C. C. et al. (2013) [22] Brazil 304 Cross sectional 13.3 12 0.7 0.3 0.3 Good

7 Ogbonna, S. U. et al. (2019) [28] Nigeria 354 Cross sectional 12.4 0 11.6 0 0.8 Good

8 Khatiwada, S. et al. (2015) [29] Nepal 401 Cross sectional 35.4 0 31.17 0 4.05 Good

9 Khassawneh, A. H. et al. (2020) [42] Jordan 998 Case control 26.7 12.5 9.5 2.3 2.3 Good

10 Díez, J. J. et al. (2011) [7] India 75 Cross sectional 25.2 14.6 8 1.3 1.3 Good

11 Demitrost, L. et al. (2012) [48] India 202 Retrospective study 31.2 16.3 11.4 2 1.5 Good

12 Al-Wazzan, H. et al. (2010) [36] Kuwait 1580 CS and CC 12.9 45.1 20.1 13.2 5.9 Good

13 Al-Geffari, M. et al. (2013) [23] Saudi 411 Cross sectional 28.5 9.5 15.8 2.7 0.5 Good

14 Radaideh, A. et al. (2004) [30] Jordan 908 Cross sectional 12.5 4 6.2 1.2 4 Good

15 Vikhe, V. B. et al. (2013) [9] India 50 Case control 30 14 22 6 2 Good

16 Yadav, A. et al. (2021) [47] India 2219 Cohort 20.3 14.1 3.2 0 3 Good

17 Peters, K. E. et al. (2020) [46] Australia 1408 Cohort 16.8 Good

18 Ozair, M. et al. (2021) [31] India 250 Cross-sectional 28 18.8 8 0 1.2 Good

19 Elgazar, E. H. et al. (2019) [32] Egypt 200 Cross sectional 29 13 7 3 6 Good

20 Moslem, F. et al. (2015) [14] Bangladesh 232 Cross sectional 10 Good

21 Sarfo-Kantanka O. et al. (2017) [43] Ghana 302 Case control 12.2 Good

22 Ghazali S. M. et al. (2010) [40] Nigeria 64 Case control 29.7 15.8 0 5.2 0 Good

23 Jalal M. J. et al. (2019) [39] India 50 Case control 16 10 6 0 0 Good

24 Akbar D. H. et al. (2006) [41] Saudi 74 Case control 9.5 6.75 2.7 0 0 Good

25 Hussain T. et al. (2019) [45] India 700 Prospective 21.7 8 9.3 2.1 2.3 Good

26 Younes Y. R. (2020) [33] Iraq 90 Cross sectional 17.7 11.1 3.3 1.1 2.2 Good

27 Jugati A., Biradar M. (2018) [51] India 200 Case series 25 13.5 5.5 2.5 3.5 Good

28 Haque S. I. U. et al. (2019) [34] Pakistan 334 Cross sectional 30.3 15.6 2.7 10.2 1.8 Good

29 Elmenshawi I. et al. (2017) [49] Egypt 100 Retrospective study 29 23 3 0 3 Good

30 Al-Lehibi K. I. et al. (2019) [50] Iraq 1341 Retrospective study 8 0 7 0 1 Good

31 Noori D. A. S. et al. (2019) [38] Iraq 75 Case control 13.3 4 6.6 1.3 1.3 Good

32 Ahmed A. A. et al. (2017) [3] Libya 369 Cross sectional 9.5 5 2.3 0 2.2 Good

33 Papanna J. et al. (2019) [8] India 100 Cross sectional 32 18 8 1 5 Good

34 Mausam Jain et al. (2020) [35] India 263 Cross sectional 25.44 5.7 14.8 1.9 3.04 Good

35 Jain G. et al. (2013) [37] India 200 Cross sectional 16 7.5 4.5 1.5 2.5 Good

36 Padma V. et al. (2015) [44] India 100 Case control 29 16 10 2 1 Good

37 Vij V. et al. (2014) [53] India 40 Case control 25 15 10 0 0 Good

38 Aljabri K. S. (2019) [52] Saudi 2069 Cross-sectional 20.7 3 11.1 6 1.6 Good
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studies were used to estimate the pooled prevalence of 
TD among T2DM patients.

The minimum prevalence of TD was 8% from a ret-
rospective study done in India [52], and the maxi-
mum prevalence of TD was found to be 35.4% in Nepal 
[32]. The I2 test result showed high heterogeneity 
(I2 = 93.5%, = 0.000). The pooled prevalence of TD among 
T2DM was found to be 20.24% (95% CI: 17.85, 22.64) 
using random-effect model (Fig. 2).

Prevalence of types of TDs and subgroup analysis
Thirty-four papers were used to estimate the pooled 
prevalence of subgroups of TD. The pooled prevalence of 
subclinical hypothyroidism, hypothyroidism, subclinical 
hyperthyroidism, and hyperthyroidism were found to be 

11.87% (95% CI: 6.90, 16.84), 7.75% (95% CI: 5.71, 9.79), 
2.49% (95% CI: 0.73, 4.25), and 2.51% (95% CI: 1.89, 3.13), 
respectively.

Subgroup analysis based on the study design showed 
that the weighted pooled prevalence of TD was 18.97% 
(95% CI: 15.93, 22.01), 22.17% (95% CI: 16.41, 27.92), 
21.32% (95% CI: 14.37, 28.27), 22.33% (95% CI: 4.34, 
40.32), 21.70% (95% CI: 18.27, 25.13), and 25% (95% 
CI: 18.11, 31.89) among the cross-sectional, cohort, 
case control, retrospective, prospective, and case series 
respectively. Table 3 shows the summary of the subgroup 
analysis of studies.

Thirty-eight papers were used to estimate subgroup 
analysis based on continent. The result showed weighted 
pooled prevalence of TD was 21% (95% CI: 18.06, 23.94), 

Fig. 2  Pooled prevalence of thyroid dysfunction among T2DM patients from random effect model
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21.30% (95% CI: 3.46, 39.13), and 17.85% (95% CI: 12.68, 
23.03) in Asia, Europe, and Africa, respectively (Fig. 3).

Factors associated with TD among T2DM patients
In this meta-analysis, seven studies were included to 
examine the factors associated with TD among T2DM 
[30–32, 39, 44, 52, 59]. Being female [23, 30–32, 39, 44, 
59], central obesity [31], HbA1c ≥ 7% [31, 44], > 5-year 
duration of DM [31, 44, 59], educational level [59], dia-
betic neuropathy and retinopathy [31, 59], family history 
of TD [23, 32], and smoking [32, 39, 44] were found to be 
associated with T2DM. Tables  4 and 5 shows summary 
statistics of the risk factors.

Sensitivity test
We did the sensitivity analysis of the prevalence of TD 
among T2DM by applying a random-effects model 
(Table 6). The analysis was done to evaluate the effect of 
each study on the pooled estimated prevalence of TD by 

excluding each study step by step. The result showed that 
excluded studies did not show a significant difference in 
the prevalence of TD among T2DM (Fig. 4 and Table 6).

Publication bias
The included studies were assessed for potential publi-
cation bias visually by funnel plot. The funnel plot was 
asymmetrical which indicate the presence of publica-
tion bias (Figs. 4 and 5). Besides, the result of Egger’s test 
indicated there was publication bias, P-value < 0.05. The 
P-value was found to be 0.019 (Table 7).

The Egger’s test indicated that the unpublished findings 
might have shown a lower magnitude of TD. Adjusting 
the findings using the trim-and-fill method would pro-
vide a bias-adjusted effect estimate. Therefore, to do so, 
a trim-and-fill method analysis was conducted. A bias-
adjusted effect estimate of TD showed 17.89 (15.611, 
20.179), assuming there are missing studies (Fig. 6).

Meta‑regression
Meta-regression was performed to determine the source 
of heterogeneity by considering sample size and year of 
publication as a covariate. There was no significant rela-
tionship between the year of publication and the preva-
lence of TD. In addition to this, meta-regression was also 
conducted that explains the linear prediction of the prev-
alence of TD and function of sample size. Similarly, there 
was no significant relationship between the sample size 
and the prevalence of TD (Table 8).

Discussion
The pooled prevalence of TD in this systematic review 
and meta-analysis was found to be 20.24% (95% CI: 17.85, 
22.64). Funnel plots and Egger’s tests showed there was 
publication bias among included studies. Trim-and-fill 
method was used to correct the results. A bias-adjusted 
effect estimate of TD showed 17.89 (15.611, 20.179), 
assuming there are missing studies. This result was 
higher than the 11.7% seen in a Colorado TD survey of 
25,862 people who attended a state health fair [12]. It 
was also higher than the National Health and Nutrition 
Examination Survey (NHANES III Study), a survey of 
17,353 subjects (5.9%) [60]. Type 2 diabetic patients have 
a higher prevalence of TD than non-diabetics; T2DM 
lowers TSH levels and impairs the conversion of T4 to T3 
in the peripheral tissues. Poorly managed T2DM can lead 
to insulin resistance and hyperinsulinemia. This, in turn, 
promotes the growth of thyroid tissue and increases the 
formation of nodules and the size of goiters. In addition, 
while metformin can be beneficial in both T2DM and TD 
patients, there are some other antidiabetic drugs like sul-
fonylureas, and thiazolidinedione group drugs like piogl-
itazone can negatively impact thyroid function [12].

Table 3  Summary of sub-group analysis of studies included in 
the meta-analysis on the prevalence and associated factors of TD 
among T2DM patients

Subgroup Random effect (95% CI) Test of 
heterogeneity 
(I2)

By types of TD
  Subclinical hypothy-
roidism

11.87% (95% CI: 6.90, 
16.84)

98.3%

  Hypothyroidism 7.75% (95% CI: 5.71, 9.79) 88.2%

  Subclinical hyperthy-
roidism

2.49% (95% CI: 0.73, 4.25) 83.4%

  Clinical hyperthyroidism 2.51% (95% CI: 1.89, 3.13) 0.00%

By study design
  Cross-sectional 19.40% (95% CI: 16.40, 

22.40)
92.6%

  Cohort 22.41% (95% CI:15.82, 
29.01)

91.3%

  Case control 20.55% (95% CI: 14.50, 
26.60)

90.7%

  Retrospective 22.33% (95% CI: 4.34, 
40.32)

95.8%

By continent
  Asia 21% (95% CI: 18.06, 23.94) 94.%

  Europe 21.30% (95% CI: 3.46, 
39.13)

98.2%

  Africa 18.42% (95% CI: 12.46, 
24.39)

86.8%

By year
  2006–2010 14.61% (95% CI: 7.31, 

21.90)
72.2%

  2011–2015 20.24% (95% CI: 13.90, 
26.58)

92.6%

  2016–2022 21.08% (95% CI: 17.84, 
24.32)

94.0%
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The most common type of TD seen in this systematic 
review and meta-analysis was subclinical hypothyroidism 
(11.87%, 95% CI: 6.90, 16.84). This result was in line with 
a systematic review and meta-analysis done globally (12% 
(95% CI: 10%, 14%) [61] and higher than results reported 
in general population (4–9%) [1]. More than half of 
TDs reported are undiagnosed or subclinical because 
symptoms of TD are easily mistaken for depression, 
menopause, or obesity [62]. The presence of subclini-
cal hypothyroidism may increase cardiovascular risk by 

aggravating dyslipidemia, insulin resistance, obesity, and 
vascular endothelial dysfunction [1, 63].

Hypothyroidism was the second most common form 
of TD found in this systematic review and meta-analysis 
(7.75% (95% CI: 5.71, 9.79). This finding was also higher 
than that of the NHANES III Study (4.6%) [1]. Overall 
hypothyroidism is the most common type of TD among 
T2DM patients. Worldwide, environmental iodine defi-
ciency is the most common cause of hypothyroidism 
[64]. Globally, more than 1.9 billion individuals have 

Fig. 3  Pooled prevalence of thyroid dysfunction based on different continents
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inadequate iodine nutrition Despite the implementation 
of iodine supplementation programs (e.g., salt iodiza-
tion), iodine intake remains suboptimal in large parts of 
the world [64, 65].

In this review, the pooled prevalence of hyperthyroid-
ism was 2.51% (95% CI: 1.89, 3.13). This was similar to 
the community-based study done in Wickham among 
2779 participants (2%) [66].

Subgroup analysis based on continent showed 21% 
(95% CI: 18.06, 23.94) and 17.85% (95% CI: 12.68, 23.03) 
pooled prevalence of TD in Asia and Africa respectively. 
TDs have been documented in more than 110 countries, 
the most of which are in Africa, Asia, and Latin America 
[67]. In comparison with other continents, this result is 
high. This is because, in the developed world, the fre-
quency of undiagnosed TD is anticipated to be declining 
as a result of extensive thyroid function testing and low 
treatment initiation thresholds. However, in continents 
such as Africa and Asia, this is challenge [68]. Iodine 
deficiency is a major public health problem throughout 
Africa and is the commonest cause of TDs in this con-
tinent [69]. At least 350 million Africans are at risk of 
iodine deficiency. A total of 25% of the global burden of 
iodine deficiency occurs in Africa [70].

Seven studies were included to examine the factors 
associated with TD among T2DM [30–32, 39, 44, 52, 
59], and different factors were found associated with 
TD. Among them, sex was found to be the prominent 
determinant of TD. All of the studies indicated a sta-
tistically significant association between sex and TD 
that shows a higher risk of TD with being female. In 
a cross-sectional research of 411 T2DM patients in 
Saudi Arabia, it was discovered that being female has 
1.95 higher odds of having TD as compared with males 
(OR = 1.95, 95% CI: 1.36–2.78, p = 0.0001) [23]. Female 
gender was also a risk factor for TD, according to a 
study conducted in Greece among 1092 T2DM patients 
(OR = 0.222, 95% CI = 0.141–0.352, p = 0.001) [30]. 
These results were also similar to the study conducted 
in Nepal and Kuwait (RR = 1.44, 95% CI = 1.09–1.91, 
p = 0.01) and (OR = 1.7, 95% CI: 1.2–2.9, p =  < 0.001) 
respectively [32, 39].

In a research done in Nigeria among 354 T2DM 
patients, it was found females who had T2DM were 3.8 
times more likely to develop TD than their male coun-
terparts (OR = 3.8, 95% CI = 1.7–8.4, p = 0.002) [31]. 
Similar result was found in a case–control study con-
ducted in Ethiopia. Being female had 2.5 times the odds 

Table 4  Summary statistics for the prevalence of TD by risk factors for each study

Associated factors Authors and year

Ogbonna S. 
et al. (2019) 
[28]

Yimer, R. M. 
et al. (2022) 
[2]

Papazafiropoulou, 
A. et al. (2010) [27]

Khatiwada, S. 
et al. (2015) 
[29]

Khassawneh, 
A. et al. 
(2020) [42]

AI Wazzan, H. 
et al. (2010) 
[36]

AI-Geffari, M. 
et al. (2013) 
[23]

Sex Female 56.5% 78.2% 78.4% 46.77% 47.9% 67.2% 68.6%

Male 43.5% 21.8% 21.6% 53.23% 52.1% 32.8% 31.4%

Central 
obesity

Yes 30% - - - -

No 14% - - - -

HbA1c  ≥ 7% 27% - - 35.2% -

 < 7% 17% - - 21.8% -

Duration of 
DM

 < 5 years 34% 58.6% - - - 17.3%

 ≥ 5 years 10% 41.4% - - -

Educational 
level

No - 27.3% - - -

1° - 36.9% - - -

2° - 30.4% - - -

Post 2° - 5.4% - - -

Diabetic 
neuropathy

Yes 17% 50% - -

No 27% 50% - -

Diabetic 
retinopathy

Yes - 29.3% - -

No - 70.4% - -

Family his‑
tory of TD

Yes - - - 20.8% - 14.7%

No - - - -

Smoking Yes - - - 19.3% 15% 12.7%

No - - - 75.2% 11.8%

Ex 9.8% 75.5%
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of having TD than their male counterparts 2.5 (OR = 2.5, 
95% CI = 1.15–5.67, p = 0.022) [59].

The prevalence of TD in diabetic patients is influ-
enced by female gender in which T2DM patients 
who are female are more likely to develop TD. This in 
because sex hormones and the skewed inactivation 
of the X chromosome are suspected to be triggers for 
hypothyroidism and hyperthyroidism [71]. Another 
factor contributing to the high prevalence of TD in 
women is the interaction between TH and hormones 
that change during the menstrual cycle [72].

Smoking was also found associated with TD among 
T2DM patients [32, 39]. In the study conducted in 
Kuwait among 204 T2DM patients, ex-smokers and 
current smoker patients were more liable for TD 
(OR = 18.1, 95% CI: 10.1–32.5) and (OR = 7.8, 95% CI: 
3.5–17.7) respectively [39]. Similar finding was also 
found in the study done in Nepal. Smokers had 2.32 

higher odds of having TD (OR = 2.32, 95% CI: 1.85–
2.91) [32].

The reason behind this is that cigarette smoke con-
tains cyanide which is converted to thiocyanate, which 
disrupts iodine uptake and blocks the production of 
THs [73]. Many other components of cigarettes also 
have antithyroid effects, such as decreasing T3 receptor 
binding or post-receptor activities in the liver, muscle, or 
both. According to reports, smoking/nicotine causes an 
unnaturally high metabolism, masking the fatigue/leth-
argy associated with hypothyroidism. When the smoker 
quits, this masking is removed, and the full effects of 
hypothyroidism on the metabolism and thyroid are felt. 
And, for smokers with undiagnosed TD, without proper 
TH treatment, smoking cessation seems to double weight 
gain whammy, as they lose the appetite suppressant, 
metabolism-upping effects of nicotine, and experience 
the full effects of the hypothyroidism [39].

Table 5  Summary statistics for risk factors of TD among T2DM patients

Associated factors Author and year

Ogbonna S. 
et al. (2019) 
[28]

Yimer, R. M. 
et al. (2022) 
[2]

Papazafiropoulou, 
A. et al. (2010) [27]

Khatiwada, S. 
et al. (2015) 
[29]

Khassawneh, 
A. et al. (2020) 
[42]

AI Wazzan, H. 
et al. (2010) 
[36]

AI-Geffari, M. 
et al. (2013) 
[23]

Female gender AOR 3.8 2.5 0.222 1.44 1.76 1.7 1.95

95% CI (1.7–8.4) (1.15–5.67) (0.14–0.35) 1.09–1.91 1.12–2.75 1.2–2.9 1.36–2.78

p-value 0.002 0.022  < 0.001 0.01 0.013  < 0.001  < 0.0001

The presence 
of central 
obesity

AOR 2.5 - - - - - -

95% CI (1.2–5.2) - - - - - -

p-value 0.001 - - - - - -

HBA1C ≥ 7% AOR 4.3 - - - 2.55 - -

95% CI (2.1–8.9) - - - 1.45–4.43 - -

p-value 0.025 - - - 0.001 - -

Duration 
of DM ≥ 5 years

AOR 3.3 0.29 - - - - 1.66

95% CI (1.5–7.9) (.092–0.95) - - - - 1.06–2.61

p-value 0.012 0.04 - - - -  < 0.0001

The presence 
of diabetic 
neuropathy

AOR 4.8 3.3 - - - - -

95% CI (2.2–10.5) (1.19, 8.92) - - - - -

p-value 0.001 0.021 - - - - -

The presence 
of diabetic 
retinopathy

AOR - 9.3 - - - -

95% CI - (2.05, 42.51) - - - - -

p-value - 0.04 - - - - -

Family history 
of TD

AOR - - - 2.57 - - -

95% CI - - - 2–3.31 - - 3.39

p-value - - -  < 0.001 - - 2.47–4.63

Smoking AOR - - - 2.56 - 7.8  < 0.0001

95%CI - - - 1.99–3.29 - 1.2–2.9 -

p-value - - -  < 0.001 -  < 0.001 -

Age > 50 AOR - - - - 3.9 - -

95% CI - - - - 2.15–7.05 - -

p-value - - - -  < 0.001 - -
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Besides, among the seven papers used to assess asso-
ciated factors, two of them reported that TD is asso-
ciated with HbA1c ≥ 7% [31, 44]. A study conducted in 
Nigeria found that T2DM patients with ≥ 7% HbA1c 
were 4.3 times more likely to develop TD than their 
counterparts with good glycemic control (HbA1c < 7%) 
(OR = 4.3, 95% CI = 2.1–8.9, p = 0.025) [31]. A 

case–control study conducted in Jordan was also in 
line with this study. It was found that patients who 
had HBA1c ≥ 7% were found to have 2.55 higher odds 
of having TD when compared with patients who have 
HBA1c ≤ 7% (OR = 2.55, 95% CI = 1.45–4.43, p = 0.001) 
[44]. The association of hyperglycemia with TD may be 
due to the adverse effects of chronic hyperglycemia on 
the hypothalamic-pituitary axis where it blunts or abol-
ishes the nocturnal TSH peak [59].

It was also found central obesity (abnormal waist cir-
cumference) was significantly associated with TD in 
a case–control study done in Nigeria (OR = 2.5, 95% 
CI = 1.5–5.2, p = 0.001) [31]. Leptin is known to be 
an important neuroendocrine regulator of the hypo-
thalamo-pituitary-thyroid axis by regulating TRH gene 
expression in the paraventricular nucleus. Iodine defi-
ciency, autoimmune thyroiditis, and mutations in the 
TSH receptor genes are some of the other hypotheses 
put forward to explain the association between increas-
ing TSH, obesity, and subclinical hypothyroidism in 
some populations [31].

Duration of diabetes was found to be associated 
with TD in two of the studies [23, 31]. In a research 
done in Nigeria among 354 T2DM patients, DM dura-
tion > 5  years (OR = 3.3, p = 0.012) was a risk factor for 
TD [31]. A cross-sectional study conducted in Saudi 
Arabia diabetes also reported that duration of more than 
10 years has been shown to be an important risk factor 
(OR = 1.66, 95% CI: 1.06–2.61) [23]. This could indicate 
that the duration of diabetes mellitus (DM) is a risk factor 
for the development of TD, as persistent hyperglycemia 
inhibits the peripheral deiodination of T4 to T3, resulting 
in TD [31].

Educational level was also found associated with TD. 
It was found T2DM patients who attend primary school 
had 1.5 higher odds of having TD (OR = 1.5, 95% CI: 
1.03–1.67). On the other hand, T2DM patients who have 
secondary education and post-secondary education had 
less likely to have TD (OR = 0.11, 95% CI = 0.06–0.48, 
p = 0.02) and (OR = 0.21, 95% CI = 0.062–0.85, p = 0.028); 
this implies better educational levels being protective. 
This is logical because a higher educational level is linked 
to improved blood glucose control, which is linked to 
good thyroid function [59].

Among the seven papers used to assess associated fac-
tors, two studies showed that previous family history of 
TD was associated with TD. A cross-sectional study con-
ducted in Saudi Arabia among 411 T2DM patients found 
that diabetic patients with a positive family history of TD 
had a higher chance of developing TD (OR = 3.39, 95% 
CI: 2.47–4.63, p =  < 0.0001) [23]. A study from Nepal also 
having previous family history of TD increased the risk 
by 2.57 (RR = 2.57, 95% CI = 2–3.31, p < 0.001) [32].

Table 6  Sensitivity analysis of included studies to estimate the 
pooled prevalence of thyroid dysfunction among type 2 diabetes 
mellitus patients

Study omitted Estimate 95% confidence interval

Zhu, Y. et al. (2019) [26] 20.119591 17.704163, 22.535021

Vamshidhar et al. (2020) [16] 20.32708 17.904331, 22.749828

Tudor, R. M. et al. (2018) [10] 19.90391 17.535975, 22.271847

Subekti, I. et al. (2017) [11] 20.564457 18.126856, 23.00206

Ogbonna et al. (2019) [28] 20.492756 18.040697, 22.944815

Khatiwada, S. et al. (2015) [29] 19.787039 17.430199, 22.143877

Khassawneh, A. H. et al. (2020) 
[42]

20.020098 17.633699, 22.406496

Diez, J. J. et al. (2011) [7] 20.147766 17.730288, 22.565245

Demitrost, L. et al. (2012) [48] 19.961981 17.558344, 22.365618

Al-Wazzan, H. et al. (2010) [36] 20.517977 17.998659, 23.037292

Al-Geffari, M. et al. (2013) [23] 19.991449 17.590086, 22.392815

Radaideh, A. et al. (2004) [30] 20.51273 18.030352, 22.995108

Vikhe, V. B. et al. (2013) [9] 20.101665 17.692612, 22.510721

Yadav, A. et al. (2021) [47] 20.270761 17.772118, 22.769403

Ozair, M. et al. (2021) [31] 20.029493 17.617088, 22.441898

Elgazar, E. H. et al. (2019) [32] 20.016003 17.605022, 22.426983

Ghazali S. M. et al. (2010) [40] 20.085546 17.674978, 22.496117

Jalal M. J. et al. (2019) [39] 20.32708 17.904331, 22.749828

Akbar D. H. et al. (2006) [41] 20.520798 18.092993, 22.948603

Hussain T. et al. (2019) [45] 20.203516 17.758429, 22.648603

Younes Y. R. (2020) [33] 20.304136 17.875332, 22.732943

Jugati A. et al. (2018) [51] 20.117435 17.694298, 22.540575

Haque S. I. U. et al. (2019) [34] 19.949656 17.55298, 22.346331

Elmenshawi I. et al. (2017) [49] 20.062523 17.649525, 22.475519

Al-Lehibi K. I. et al. (2019) [50] 20.578279 18.284489, 22.872068

Noori D. A. S. et al. (2019) [38] 20.410748 17.981333, 22.84016

Ahmed A. A. et al. (2017) [3] 20.58 18.145374, 23.014626

Papanna J. et al. (2019) [8] 20.009239 17.601709, 22.416771

Mausam Jain et al. (2020) [35] 20.097679 17.675913, 22.519445

Jain G. et al. (2013) [37] 20.368254 17.92613, 22.810379

Padma V. et al. (2015) [46] 20.062523 17.649525, 22.475519

Papazafiropoulou, A. et al. (2010) 
[27]

20.523239 18.034031, 23.012445

Palma, C. C. et al. (2013) [22] 20.461063 18.010532, 22.911594

Moslem, F. et al. (2015) [14] 20.554682 18.118074, 22.991287

Sarfo-Kantanka O. et al. (2017) 
[43]

20.525778 18.038151, 23.013405

Peters, K. E. et al. (2020) [46] 20.357279 17.902861, 22.811699
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Age > 50 was significant factor with OR of 3.9 (95% CI 
2.151–7.052, p < 0.001). This can be explained by that 
elderly patients might have had undetected diabetes for 
a longer time [44]. About the factor presence of retinopa-
thy [59] with an odds ratio of 9.3 (95% CI: 2.05–42.51, p 

Fig. 4  Sensitivity analysis of pooled prevalence of thyroid dysfunction for each study being removed one at a time

Fig. 5  Funnel plot showing publication bias

Table 7  Egger’s test showing publication bias

Std_eff Coef Std. err T P > t [95% CI]

Slope 2.419087 0.11522 21.00 0.000 (2.18541, 2.652764)

Bias 0.1914215 .0654948 2.92 0.006 (.0585919, 0.3242511)
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=0.04), and for factor presence of neuropathy [59] with 
an odds ratio of (OR =3.3, 95% CI =1.19–8.92, p =0.021) 
[32] showed the presence of retinopathy and neuropathy 
were risk factors of TD among T2DM patients respec-
tively [39].

Conclusion and recommendation
The current systematic review and meta-analysis showed 
that the pooled prevalence of TD among T2DM patients 
was found to be higher compared with the general popu-
lation. The pooled prevalence of TD among T2DM was 
found to be 20.24% (95% CI: 17.85, 22.64) using ran-
dom-effect model. The pooled prevalence of subclinical 
hypothyroidism, hypothyroidism, subclinical hyperthy-
roidism, and hyperthyroidism was found to be 11.87% 

(95% CI: 6.90, 16.84), 7.75% (95% CI: 5.71, 9.79), 2.49% 
(95% CI: 0.73, 4.25), and 2.51% (95% CI: 1.89, 3.13), 
respectively. Being female, obesity, family history of TD, 
smoking, advanced age, and family history of DM were 
factors associated with TD among adult T2DM patients.

We recommend it is important to screen for TD in 
T2DM patients as each of these endocrinopathies and 
their complex interdependent interactions increase car-
diovascular risks.

Strength and limitations
This systematic review and meta-analysis revealed the 
pooled figure on prevalence of TD, its subtypes, and 
associated factors of TD among T2DM patients. This will 
give researchers, policymakers, and public health stake-
holders the empirical knowledge they need to develop 
health-promoting policies, allocate resources, and set 
priorities for monitoring future trends.

The limitations of this systematic review and meta-
analysis is that the search strategy was limited only 
to published articles, but unpublished papers may be 
missed. Only free online databases were used. In addi-
tion to this, only papers written in English were included. 
Time barrier was also one of the limitations. Moreover, it 

Fig. 6  Trim-and-fill analysis of TD among T2DM patients

Table 8  Meta-regression based on publication year and sample 
size

Heterogeneity source Coefficient Standard error p-value

Publication year 0.2935312 0.5478136 0.595

Sample size 0.0012641 0.0045391 0.782
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is essential to highlight that the paucity of research con-
ducted in the area of thyroid dysfunction among type 
2 diabetes patients in Europe, America, and Australia 
resulted in a restricted number of articles being incorpo-
rated into our analysis.
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