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Abstract

Diabetes mellitus (DM) is one of the most prevalent metabolic disorders in the world and is characterized by
excessive blood glucose levels, which lead to deranged carbohydrate, protein, and lipid metabolisms. At its
core, DM is an impairment of insulin metabolism, leading to a plethora of clinical features. The thyroid
gland is another vital cog in the wheel of the endocrine system, and the hormones synthesized by it are
heavily involved in the control of the body’s metabolism. Hypothyroidism is a state in which thyroid
hormones are deficient due to various factors and is characterized by a metabolically hypoactive state.
Together, insulin, implicated in DM, and thyroid hormones engage in an intricate dance and serve to
regulate the body’s metabolism. It is imperative to explore the relationship between these two common
endocrine disorders to understand their clinical association and mold treatments specific to patients in
which they coexist. Both type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM) have been
shown to have an increased association with hypothyroidism, especially in patients with risk factors
including female sex, hyperlipidemia, obesity, and anemia. This review also explores DM’s macrovascular
and microvascular complications and their association with hypothyroidism. It is of great use to screen for
hypothyroidism in diabetic patients. Specific protocols, especially for patients at an elevated risk, provide
improved quality of life to patients affected by this highly prevalent disease.

Categories: Endocrinology/Diabetes/Metabolism, Internal Medicine
Keywords: type 2 diabetes mellitus, hypothyroidism and type 2 diabetes mellitus, thyroid disorder, endocrine
disorders, diabetic microvascular complications

Introduction And Background

Diabetes mellitus (DM) is a debilitating disease caused by dynamic interactions between genes,
environment, and other lifestyle factors such as obesity and a sedentary lifestyle [1]. Diabetes mellitus is
characterized by excessive blood glucose levels caused by suboptimal or total deficiency of insulin secretion
by the pancreas, known as type 1 diabetes mellitus (T1DM), or body cells’ poor utilization of insulin, known
as type 2 diabetes mellitus (T2DM), showing its effects on carbohydrate, fats, and protein metabolism [2,3].
According to the data presented by the International Diabetes Federation (IDF) in 2021, there were 537
million diabetics worldwide, which is anticipated to rise to 643 million by 2030 and 783 million by 2045 [4].
In addition to the pancreas, the thyroid gland affects the body’s metabolism. Hormones secreted by the
thyroid gland regulate carbohydrate metabolism and insulin secretion. Both these hormones are closely
linked to one another. Hence, any change in one hormone’s level might affect another hormone’s
effectiveness [2]. This association between thyroid illnesses and diabetes mellitus dates back to 1979 [5].
Individuals with type 2 diabetes mellitus seemed to have a significantly greater prevalence of thyroid
disorders [6,7]. Researchers have looked into the association between diabetes and thyroid dysfunction and
found that hypothyroidism is common in patients with diabetes, with prevalence rates ranging from 4.8% to
31.4% [8]. Thyroid disorders tend to be predominant among female diabetics [9]. Diabetic patients with
longstanding hyperlipidemia, obesity, and anemia are at higher risk of having underlying

hypothyroidism [9]. The clinical correlation between these two prevalent endocrine illnesses tends to be
high, analogous to the impact of hypothyroidism on the development of diabetic complications. This review
article aims to ascertain the prevalence and pathogenesis involved in the development of thyroid
dysfunction, precisely hypothyroidism in patients with type 2 diabetes mellitus, and its treatment and
explore the effects of hypothyroidism on the subsequent development of diabetic complications.

Review
Methodology

We conducted a review by searching the databases of PubMed and Google Scholar. We obtained studies
published between January 1, 1980, and December 31, 2022. The keywords used to identify relevant articles
include type II diabetes mellitus and hypothyroidism. The studies were selected to evaluate the prevalence
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of hypothyroidism in type 2 diabetes mellitus and identify which complications were more common
among hypothyroid patients with type 2 diabetes mellitus. A total of 20 articles were identified, which
included data from a total of 116 studies.

Type 2 diabetes mellitus and hypothyroidism

Type 2 diabetes mellitus (T2DM) occurs due to insulin’s inability to enhance the absorption and utilization
of glucose in peripheral tissues (muscle, adipose tissue, and liver) and insulin resistance alongside a
progressive reduction of beta cell insulin production [10]. Approximately 537 million adults had diabetes in
2021, of whom 90% had T2DM. Nair et al. [9] conducted a study involving 1,152 patients in India in 2018 on
the prevalence and associations of hypothyroidism in Indian patients with T2DM. They concluded that one-
tenth of Indian patients with T2DM showed clinical hypothyroidism and another 5% showed subclinical
hypothyroidism (SCH). Although T2DM is typically diagnosed in older adults, it is becoming more common
in children, adolescents, and younger adults due to rising obesity, inactivity, and poor diet [4]. An increased
risk of hypothyroidism in T2DM is attributed to female sex [9], older age, obesity, and thyroid peroxidase
antibody (TPO Ab positive) [11-13].

At early stages, hyperinsulinemia can compensate for insulin resistance for proper glucose uptake and
utilization in the peripheries. Later, beta cells cannot tolerate chronic hyperinsulinemia, which might result
in the onset of postprandial hyperglycemia leading to overt T2DM [14]. The reason for the elevated thyroid-
stimulating hormone (TSH) in people with diabetes is uncertain, as it may result from complex
interdependent interactions. Previous studies suggested that insulin resistance, hyperglycemia, and leptin
influence the level of serum thyroid-stimulating hormone (TSH) [15]. Leptin, by modulating the
hypothalamic-pituitary-thyroid axis via the Janus activating kinase (JAK)-2 or signal transducer and
activator of transcription (STAT)-3 factor, tends to increase serum TSH levels in numerous diabetic

patients [16], and in turn, TSH increases leptin secretion from adipose tissues. TSH and leptin altogether
play a significant role in the metabolism of hepatic glucose by acting at the mRNA level, resulting in
increased expression of glucose-6-phosphate and phosphoenolpyruvate carboxykinase (PEPCK), which has
stimulatory effects on hepatic glucose production [17-19]. Additionally, TSH increases serum blood glucose
levels by decreasing insulin secretion and its synthesis from pancreatic beta cells [18]. The pathogenesis
involved in hypothyroidism-mediated T2DM is discussed in Figure 1.

2023 Vemula et al. Cureus 15(6): e40447. DOI 10.7759/cureus.40447 20of8


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

FEMALE GENDER OLD AGE OBESITY TPO ANTIBODIES

=r HYPOTHYROIDISM 14

!

r
ELEVATED THYROID STIMULATING HORMONE
"4
v l
-
INCREASED EXPRESSION OF GLUCOSE -6- REDUCES INSULIN
INCREASED LEPTIN PHOSPHATE AND PHOSPHOENOL PYRUVATE SECRETION AND
CARBOXYKINASE SYNTHESIS
-
v r
s ™
DECREASED GLUCOSE
INCREASED HEPATIC GLUCOSE PRODUCTION UPTAKE
- ~
¥ y v
N o INSULIN RESISTANCE HYPERGLYCEMIA
-

DIABETES MELLITUS

FIGURE 1: Pathophysiology of hypothyroidism-mediated diabetes
mellitus

TPO: thyroid peroxidase

Image credits: Dr. Shree Laya Vemula

Chaker et al. [19] conducted a population-based prospective cohort study in 2016 at Rotterdam with 8,452
participants and concluded that a higher likelihood of diabetes and the development of prediabetes into
diabetes were associated with lower free thyroxine 4 (FT4) levels (hazard ratio (HR): 0.91, 95% confidence
interval (CI): 0.86-0.97) and higher TSH levels (HR: 1.32, 95% CI: 1.06-1.64). Walia et al. [20] performed a
meta-analysis in 2022 involving 36,500 patients and concluded that T2DM patients are at increased risk of
developing subclinical hypothyroidism (odds ratio (OR): 1.88, 95%CI: 1.33-2.66). In contrast to these
studies, Menon et al. [21] conducted a cohort study with 1,180 patients consisting of both diabetic and
nondiabetic individuals. A community cohort with 986 patients and a hospital cohort with 194 patients were
included in this study. They performed thyroid function tests and thyroid autoantibodies tests in all
subjects. They concluded that the prevalence of thyroid disorders is identical in diabetic and nondiabetic
individuals. The studies exploring the association between hypothyroidism and the development of T2DM
are summarized in Table 1.
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Study
Tamez-Pérez et al.
(2012) [22]

Distiller et al.

(2013) [6]

Raghuwanshi et al.

(2015) [23]

Chaker et al.

(2016)[19]

Telwani et al.

(2017) [24]

Menon et al. (2019)

[21]

Alsolami et al.

(2018) [25]

Al-Rubaye (2019)

[26]

Huang et al. (2020)

[271

Khassawneh et al.

(2020) [28)

Vamshidhar et al.

(2020) [29]

Walia et al. (2022)

[20]

Design

Observational study

Population-based

prospective cohort study

Case-control study

Cohort study

Case-control study

Cross-sectional study

Community-based

population study

Case-control study

Cross-sectional study

Meta-analysis

Number of
Population Main conclusion
participants
5,161 T2DM individuals and nondiabetic individuals Hypothyroidism and T2DM are linked to one another.
922 T2DM individuals The occurrence of hypothyroidism is higher among T2DM individuals.
80 T2DM patients in Bhopal Thyroid disorders are prevalent in patients with T2DM.
Prediabetic individuals with low thyroid function are at increased risk of developing
8,452 T2DM patients in Rotterdam
diabetes.
200 Diabetic and nondiabetic individuals Thyroid dysfunction is prevalent among diabetic patients.
1,180 Diabetic and nondiabetic individuals from the same locality in India The prevalence of thyroid disorders is the same in diabetic and nondiabetic individuals.
Hypothyroidism is more prevalent among T2DM patients, and its risk can be reduced in
242 Diabetic and nondiabetic individuals in Saudi Arabia
T2DM patients by adequate glycemic control.
Diabetic individuals with poor glycemic control are at higher risk of developing
500 T2DM patients in Irag
hypothyroidism.
3,986 Residents aged 26-76 years in Beijing The coexistence of thyroid disorders is high in patients with T2DM and pre-DM.
998 T2DM patients in Jordan Thyroid disorders are more prevalent in T2DM patients.
Thyroid disorders are more prevalent in patients with T2DM, and a positive correlation of
50 T2DM patients in India

TSH with FBS and HbA1c was seen.

Analysis of 62 studies from various databases from 2005 to 2022
36,500 Patients with T2DM are at increased risk of developing subclinical hypothyroidism
involving T2DM and hypothyroid patients

TABLE 1: Studies exploring the association between hypothyroidism and the development of type
2 diabetes mellitus

T2DM: type 2 diabetes mellitus, Pre-DM: pre-diabetes mellitus, TSH: thyroid-stimulating hormone, FBS: fasting blood sugar, HbA1c: hemoglobin A1c

Hypothyroidism and diabetic complications

Individuals with type 2 diabetes mellitus have a higher prevalence of hypothyroidism, and patients with
both conditions have a higher prevalence of microvascular complications [5]. Microvascular complications
include diabetic nephropathy, diabetic retinopathy, and diabetic peripheral neuropathy; macrovascular
complications include peripheral artery disease. Studies showed that diabetic individuals with
hypothyroidism had reduced glomerular filtration rate, renal blood flow, and cardiac output and increased
peripheral vascular resistance. All these factors contribute to the development of renal complications in
patients with both conditions [30,31]. Patients with both of these conditions tend to have a lower insulin-
like growth factor-1 (IGF-1), which is responsible for maintaining retinal vasculature. IGF-1 is lowered in
hypothyroid rats, leading to thinner and smaller retinas [32], contributing to diabetic retinopathy.
Hypothyroidism causes Schwann cells’ metabolic disorders, leading to its segmental demyelination, causing
diabetic peripheral nephropathy [33]. According to researchers, hypothyroidism may cause increased arterial
stiffness and endothelial dysfunction, contributing to peripheral arterial disease (PAD) [34].

Chen et al. [35] conducted a cross-sectional analysis in Taiwan. A total of 588 patients with T2DM were
included, and their serum thyroxine and TSH were measured. Compared to euthyroid subjects, hypothyroid
subjects had a higher prevalence of diabetic nephropathy (OR: 3.15, 95% CI: 1.48-6.69), but not diabetic
retinopathy (OR: 1.15, 95% CI: 0.59-2.26). In contrast, Kim et al. [36] performed a retrospective study in
2011 in Korea. Overall, 489 patients with diabetic retinopathy were assessed for their severity and serum TSH
levels. They concluded that patients with severe diabetic retinopathy had subclinical hypothyroidism (OR:
2.086, 95% CI: 1.010-4.307, P=0.047).
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Study

Chen et al

(2007) [35]

Kim et al.

(2011) [36]

Furukawa et

al. (2014)[38]

Gao et al.

(2014) [37)

Han et al.

(2015) [5]

Jose et al.

(2020) [39]

Golwalkar et

al. (2021) [40]

Allam et al.

(2021) [41]

Walia et al.

(2022) [20]

Design

Cross-
sectional

analysis

Retrospective

study

Cross-
sectional

analysis

Meta-analysis

Case-control

study

Cross-
sectional

analysis

Cross-
sectional

study

Meta-analysis

Number of

participants

588

489

414

194

13,740

384

100

300

36,500

Gao et al. [37] performed a study in China in 2014. The serum TSH, free T4, and free T3 levels of 194
diabetes mellitus patients were assessed and subjected to diabetic microvascular complications screening
(nephropathy, retinopathy, and neuropathy). They concluded that in diabetic patients with upper normal
levels of TSH, no association is found between subclinical hypothyroidism and the development of
microvascular complications such as retinopathy (OR: 0.753, 95% CI: 0.203-2.793, P=0.671), nephropathy
(OR: 1.312, 95% CI: 0.304-5.659, P=0.716), and neuropathy (OR: 0.591, 95% CI: 0.156-2.232, P=0.428).

Han et al. [5] conducted a meta-analysis of 36 studies from various databases from 1980 to 2014 with 13,740
T2DM patients. They concluded that the development of diabetic complications such as nephropathy (OR:
1.74, 95% CI: 1.34-2.28), diabetic retinopathy (OR: 1.42, 95% CI: 1.21-1.67), peripheral arterial disease (OR:
1.85, 95% CI: 1.35-2.54), and diabetic peripheral neuropathy (OR: 1.87, 95% CI: 1.06-3.28) are affected by
subclinical hypothyroidism. In contrast to this, Walia et al. [20] also conducted a meta-analysis of 62 studies
from various databases from 2005 to 2022 with 36,500 T2DM and hypothyroid patients and concluded that
diabetic nephropathy was more prevalent in hypothyroid patients (OR: 3.31, 95% CI: 1.56-7.02), but not
diabetic peripheral neuropathy (OR: 1.11, 95% CI: 0.62-2.00) and cardiovascular diseases (OR: 1.68, 95% CI:
0.95-2.97). The studies exploring the effect of hypothyroidism on the development of diabetic complications

are summarized in Table 2.

Population

T2DM patients in Taiwan

T2DM patients who attended diabetes clinics between 2001 and 2007 in

Korea

T2DM patients in Japan

T2DM patients in China

Analysis of 36 studies from various databases from January 1, 1980, to

December 1, 2014, of T2DM and hypothyroid patients

T2DM with nephropathy and without nephropathy in India

T2DM patients in India

Diabetic peripheral neuropathy patients in Cairo

Analysis of 62 studies from various databases from 2005 to 2022 in T2DM

and hypothyroid patients

Main conclusion

There was an increased risk of nephropathy and cardiovascular events, not retinopathy.

There was an increased risk of diabetic retinopathy.

There was an increased risk of diabetic nephropathy.

In diabetic patients with upper normal levels of TSH, no association was found between subclinical

t ism and the of mi

Hypothyroidism increases the risk of developing diabetic nephropathy and diabetic peripheral

neuropathy.

The independent risk factor for the development of diabetic nephropathy is hypothyroidism.

There was an increased risk of diabetic retinopathy and diabetic nephropathy, but not cardiovascular

diseases.

The of diabetic

is higher in patients with hypothyroidism.

There was an increased risk of diabetic nephropathy in T2DM and no significant risk of developing

diabetic peripheral neuropathy and cardiovascular diseases.

TABLE 2: Studies exploring the effect of hypothyroidism on the development of complications of
type 2 diabetes mellitus

T2DM: type 2 diabetes mellitus, TSH: thyroid-stimulating hormone

Treatment of hypothyroidism in diabetes mellitus patients

Hypothyroidism in T2DM patients is treated with oral levothyroxine 4 (L-T4) daily. The American Thyroid
Association (ATA) and the European Thyroid Association (ETA) both recommend treatment when serum TSH
levels are >10 mU/L [42]. Insulin sensitivity and fasting hyperinsulinemia are significantly improved by L-

T4 [43]. After the beginning of L-T4 therapy, serum TSH levels should be rechecked in two months, and
dosage adjustments must be made. After initiating L-T4 medication for patients with SCH, serum TSH
should be checked at least once a year [42]. Most individuals aim to maintain a stable serum TSH level in the
lower half of the recommended ranges (0.4-2.5 mU/L).
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Limitations

There are a few limitations to this review article. Several research articles found on PubMed and Google
Scholar were used to collect data and varied in sample size and methodology. Other databases were not
used. There is also a lack of specific diagnostic interventions, which should be further explored. There is also
a disparity in data pertaining to certain complications associated with these two conditions, with a few
studies contraindicating each other’s findings.

Conclusions

This article explores the relationship between hypothyroidism and diabetes mellitus, two common
endocrine disorders with massive clinical implications. This review article establishes a correlation between
diabetes mellitus and hypothyroidism, which are associated with decreased long-term quality of life and
morbidity due to microvascular and macrovascular complications. We believe that this article can help raise
awareness among clinicians in correlating these two diseases by elaborating on the pathophysiological role
of how hypothyroidism develops in patients affected by both type 1 and type 2 diabetes mellitus, the various
complications associated with both conditions, and the treatment modalities available. We conducted a
thorough analysis of the complications, providing a comprehensive overview of the most common
complications that should be taken into consideration when managing patients with coexisting diseases.
Early identification of hypothyroidism in patients with diabetes mellitus (DM) through a targeted screening
protocol can significantly reduce the occurrence of complications by ensuring prompt and appropriate
treatment. Further research into the association between hypothyroidism and DM, along with specific
treatment, can help create a tailor-made protocol for management.

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. WuY,DingY, Tanaka Y, Zhang W: Risk factors contributing to type 2 diabetes and recent advances in the
treatment and prevention. Int ] Med Sci. 2014, 11:1185-200. 10.7150/ijms.10001
2. Jimoh AK, Ghazali MS, Ogundeji OA, et al.: Spectrum of thyroid function test among type 2 diabetic patients
attending a rural health facility, southwest Nigeria: a hospital-based study. SAGE Open Med. 2022,
10:20503121221097625. 10.1177/20503121221097625
3. Berbudi A, Rahmadika N, Tjahjadi Al, Ruslami R: Type 2 diabetes and its impact on the immune system . Curr
Diabetes Rev. 2020, 16:442-9. 10.2174/1573399815666191024085838
. IDF Diabetes Atlas: Diabetes around the world in 2021 . (2023). https://diabetesatlas.org.
5. HanC, He X, Xia X, Li Y, Shi X, Shan Z, Teng W: Subclinical hypothyroidism and type 2 diabetes: a
systematic review and meta-analysis. PLoS One. 2015, 10:e0135233. 10.1371/journal.pone.0135233
6. Distiller LA, Polakow ES, Joffe BI: Type 2 diabetes mellitus and hypothyroidism: the possible influence of
metformin therapy. Diabet Med. 2014, 31:172-5. 10.1111/dme.12342
7. Bagchi N: Thyroid function in a diabetic population . Spec Top Endocrinol Metab. 1982, 3:45-55.
8. Wang C: The relationship between type 2 diabetes mellitus and related thyroid diseases . ] Diabetes Res.
2013, 2013:390534. 10.1155/2013/390534
9. Nair A, Jayakumari C, Jabbar PK, et al.: Prevalence and associations of hypothyroidism in Indian patients
with type 2 diabetes mellitus. ] Thyroid Res. 2018, 2018:5386129. 10.1155/2018/5386129
10.  American Diabetes Association: 6. Glycemic Targets: Standards of Medical Care in Diabetes-2020. Diabetes
Care. 2020, 43:566-S76. 10.2337/dc20-S006
11.  Chubb SA, Davis WA, Inman Z, Davis TM: Prevalence and progression of subclinical hypothyroidism in
women with type 2 diabetes: the Fremantle Diabetes Study. Clin Endocrinol (Oxf). 2005, 62:480-6.
10.1111/j.1365-2265.2005.02246.x
12.  Chaurasia A, Meena V: A study of prevalence of hypothyroidism in diabetic patients . ] Evolution Med Dent
Sc. 2017, 6:4805-9. 10.14260/Jemds/2017/1042
13.  Al-Geffari M, Ahmad NA, Al-Sharqawi AH, Youssef AM, Alnageb D, Al-Rubeaan K: Risk factors for thyroid
dysfunction among type 2 diabetic patients in a highly diabetes mellitus prevalent society. Int ] Endocrinol.
2013, 2013:417920. 10.1155/2013/417920
14.  Stumvoll M, Goldstein BJ, van Haeften TW: Type 2 diabetes: principles of pathogenesis and therapy . Lancet.
2005, 365:1333-46. 10.1016/S0140-6736(05)61032-X
15. Al-Hamodi Z, Al-Habori M, Al-Meeri A, Saif-Ali R: Association of adipokines, leptin/adiponectin ratio and
C-reactive protein with obesity and type 2 diabetes mellitus. Diabetol Metab Syndr. 2014, 6:99.
10.1186/1758-5996-6-99
16.  Ortiga-Carvalho TM, Oliveira K], Soares BA, Pazos-Moura CC: The role of leptin in the regulation of TSH
secretion in the fed state: in vivo and in vitro studies. ] Endocrinol. 2002, 174:121-5. 10.1677/joe.0.1740121
17. TianL, Song Y, Xing M, et al.: A novel role for thyroid-stimulating hormone: up-regulation of hepatic 3-
hydroxy-3-methyl-glutaryl-coenzyme A reductase expression through the cyclic adenosine

2023 Vemula et al. Cureus 15(6): e40447. DOI 10.7759/cureus.40447 60f8


https://dx.doi.org/10.7150/ijms.10001
https://dx.doi.org/10.7150/ijms.10001
https://dx.doi.org/10.1177/20503121221097625
https://dx.doi.org/10.1177/20503121221097625
https://dx.doi.org/10.2174/1573399815666191024085838
https://dx.doi.org/10.2174/1573399815666191024085838
https://diabetesatlas.org
https://diabetesatlas.org
https://dx.doi.org/10.1371/journal.pone.0135233
https://dx.doi.org/10.1371/journal.pone.0135233
https://dx.doi.org/10.1111/dme.12342
https://dx.doi.org/10.1111/dme.12342
https://scholar.google.com/scholar?q=intitle:Thyroid function in a diabetic population
https://dx.doi.org/10.1155/2013/390534
https://dx.doi.org/10.1155/2013/390534
https://dx.doi.org/10.1155/2018/5386129
https://dx.doi.org/10.1155/2018/5386129
https://dx.doi.org/10.2337/dc20-S006
https://dx.doi.org/10.2337/dc20-S006
https://dx.doi.org/10.1111/j.1365-2265.2005.02246.x
https://dx.doi.org/10.1111/j.1365-2265.2005.02246.x
https://dx.doi.org/10.14260/Jemds/2017/1042
https://dx.doi.org/10.14260/Jemds/2017/1042
https://dx.doi.org/10.1155/2013/417920
https://dx.doi.org/10.1155/2013/417920
https://dx.doi.org/10.1016/S0140-6736(05)61032-X
https://dx.doi.org/10.1016/S0140-6736(05)61032-X
https://dx.doi.org/10.1186/1758-5996-6-99
https://dx.doi.org/10.1186/1758-5996-6-99
https://dx.doi.org/10.1677/joe.0.1740121
https://dx.doi.org/10.1677/joe.0.1740121
https://dx.doi.org/10.1002/hep.23800

Cureus

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

monophosphate/protein kinase A/cyclic adenosine monophosphate-responsive element binding protein
pathway. Hepatology. 2010, 52:1401-9. 10.1002/hep.23800

Wang T, Xu ], Bo T, Zhou X, Jiang X, Gao L, Zhao J: Decreased fasting blood glucose is associated with
impaired hepatic glucose production in thyroid-stimulating hormone receptor knockout mice. Endocr J.
2013, 60:941-50. 10.1507/endocrj.ej12-0462

Chaker L, Ligthart S, Korevaar TI, Hofman A, Franco OH, Peeters RP, Dehghan A: Thyroid function and risk
of type 2 diabetes: a population-based prospective cohort study. BMC Med. 2016, 14:150. 10.1186/s12916-
016-0693-4

Walia GS, Bala A: Subclinical hypothyroidism and its associated complications in type 2 diabetes mellitus
patients. Int ] Adv Res. 2022, 10:331-44. 10.21474/1JAR01/15183

Menon UV, Bhavani N, Jayakumar RV, et al.: Prevalence of thyroid disorders is not different in type 2
diabetes mellitus compared to nondiabetics in South India. Int ] Diabetes Dev Ctries. 2019, 39:262-7.
10.1007/s13410-018-0672-8

Tamez-Pérez HE, Martinez E, Quintanilla-Flores DL, Tamez-Pena AL, Gutiérrez-Hermosillo H, Diaz de
Ledn-Gonzalez E: The rate of primary hypothyroidism in diabetic patients is greater than in the non-
diabetic population. An observational study. Med Clin (Barc). 2012, 138:475-7. 10.1016/j.medcli.2011.08.009
Raghuwanshi PK, Rajput DP, Ratre BK, Jain R, Patel N, Jain S: Evaluation of thyroid dysfunction among type
2 diabetic patients. Asian ] Med Sci. 2015, 6:33-7. 10.3126/ajms.v6i3.10814

Telwani AA, Wani ZH, Ashraf Y, Shah AA: Prevalence of thyroid dysfunction in type 2 diabetes mellitus: a
case control study. Int ] Res Med Sci. 2017, 5:4527-31. 10.18203/2320-6012.ijrms20174590

Alsolami AA, Alshali KZ, Albeshri MA, et al.: Association between type 2 diabetes mellitus and
hypothyroidism: a case-control study. Int ] Gen Med. 2018, 11:457-61. 10.2147/1JGM.S179205

Al-Rubaye HF: Thyroid dysfunction in patients with uncontrolled type 2 diabetes mellitus . Mustansiriya
Med J. 2019, 18:16-9. 10.4103/M].M] 4 18

Huang X, Zhang X, Zhou X, Han X, Fu Z, Li Y, Ji L: Prevalence of thyroid dysfunction in a Chinese population
with different glucose intolerance status: a community-based cross-sectional study. Diabetes Metab Syndr
Obes. 2020, 13:4361-8. 10.2147/DMS0.5271328

Khassawneh AH, Al-Mistarehi AH, Zein Alaabdin AM, et al.: Prevalence and predictors of thyroid
dysfunction among type 2 diabetic patients: a case-control study. Int ] Gen Med. 2020, 13:803-16.
10.2147/1JGM.S273900

Vamshidhar IS, Rani SS: A study of association of thyroid dysfunctions in patients with type 2 diabetes
mellitus. Maedica (Bucur). 2020, 15:169-73. 10.26574/maedica.2020.15.2.169

Ripoli A, Pingitore A, Favilli B, et al.: Does subclinical hypothyroidism affect cardiac pump performance?
Evidence from a magnetic resonance imaging study. ] Am Coll Cardiol. 2005, 45:439-45.
10.1016/j.jacc.2004.10.044

Asvold BO, Bjgro T, Vatten LJ: Association of thyroid function with estimated glomerular filtration rate in a
population-based study: the HUNT study. Eur ] Endocrinol. 2011, 164:101-5. 10.1530/EJE-10-0705
Hellstrom A, Carlsson B, Niklasson A, et al.: IGF-I is critical for normal vascularization of the human retina .
] Clin Endocrinol Metab. 2002, 87:3413-6. 10.1210/jcem.87.7.8629

Shirabe T, Tawara S, Terao A, Araki S: Myxoedematous polyneuropathy: a light and electron microscopic
study of the peripheral nerve and muscle. ] Neurol Neurosurg Psychiatry. 1975, 38:241-7.
10.1136/jnnp.38.3.241

Tiiremen EE, Cetinarslan B, Sahin T, Cantiirk Z, Tarkun I: Endothelial dysfunction and low grade chronic
inflammation in subclinical hypothyroidism due to autoimmune thyroiditis. Endocr J. 2011, 58:349-54.
10.1507/endocrj.k10e-333

Chen HS, Wu TE, Jap TS, Lu RA, Wang ML, Chen RL, Lin HD: Subclinical hypothyroidism is a risk factor for
nephropathy and cardiovascular diseases in Type 2 diabetic patients. Diabet Med. 2007, 24:1336-44.
10.1111/j.1464-5491.2007.02270.x

Kim BY, Kim CH, Jung CH, Mok JO, Suh KI, Kang SK: Association between subclinical hypothyroidism and
severe diabetic retinopathy in Korean patients with type 2 diabetes. Endocr J. 2011, 58:1065-70.
10.1507/endocrj.ej11-0199

Gao F, Packiry Poullé N, Zafar MI, Shafqat RA: Association among subclinical hypothyroidism, TSH levels
and microvascular complications in type 2 diabetic patients. IOSR ] Dent Med Sci. 2014, 13:01-6.
10.9790/0853-13360106

Furukawa S, Yamamoto S, Todo Y, et al.: Association between subclinical hypothyroidism and diabetic
nephropathy in patients with type 2 diabetes mellitus. Endocr J. 2014, 61:1011-8. 10.1507/endocrj.ej14-0206
Jose A, Mukkadan JK, Kamal M: Association of hypothyroidism in type 2 diabetes mellitus and diabetic
kidney disease. Int J Sci Res. 2020, 1-2. 10.36106/ijsr/8018613

Golwalkar JK, Gudge S: Effect of hypothyroidism on glycemic control in type 2 diabetics . Int ] Adv Med.
2021, 8:81-6. 10.18203/2349-3933.ijam20205477

Allam MA, Nassar YA, Shabana HS, et al.: Prevalence and clinical significance of subclinical hypothyroidism
in diabetic peripheral neuropathy. Int ] Gen Med. 2021, 14:7755-61. 10.2147/IJGM.S337779

Pearce SH, Brabant G, Duntas LH, Monzani F, Peeters RP, Razvi S, Wemeau JL: 2013 ETA guideline:
management of subclinical hypothyroidism. Eur Thyroid J. 2013, 2:215-28. 10.1159/000356507

Handisurya A, Pacini G, Tura A, Gessl A, Kautzky-Willer A: Effects of T4 replacement therapy on glucose
metabolism in subjects with subclinical (SH) and overt hypothyroidism (OH). Clin Endocrinol (Oxf). 2008,
69:963-9. 10.1111/j.1365-2265.2008.03280.x

2023 Vemula et al. Cureus 15(6): e40447. DOI 10.7759/cureus.40447

70f8


https://dx.doi.org/10.1002/hep.23800
https://dx.doi.org/10.1507/endocrj.ej12-0462
https://dx.doi.org/10.1507/endocrj.ej12-0462
https://dx.doi.org/10.1186/s12916-016-0693-4
https://dx.doi.org/10.1186/s12916-016-0693-4
https://dx.doi.org/10.21474/IJAR01/15183
https://dx.doi.org/10.21474/IJAR01/15183
https://dx.doi.org/10.1007/s13410-018-0672-8
https://dx.doi.org/10.1007/s13410-018-0672-8
https://dx.doi.org/10.1016/j.medcli.2011.08.009
https://dx.doi.org/10.1016/j.medcli.2011.08.009
https://dx.doi.org/10.3126/ajms.v6i3.10814
https://dx.doi.org/10.3126/ajms.v6i3.10814
https://dx.doi.org/10.18203/2320-6012.ijrms20174590
https://dx.doi.org/10.18203/2320-6012.ijrms20174590
https://dx.doi.org/10.2147/IJGM.S179205
https://dx.doi.org/10.2147/IJGM.S179205
https://dx.doi.org/10.4103/MJ.MJ_4_18
https://dx.doi.org/10.4103/MJ.MJ_4_18
https://dx.doi.org/10.2147/DMSO.S271328
https://dx.doi.org/10.2147/DMSO.S271328
https://dx.doi.org/10.2147/IJGM.S273900
https://dx.doi.org/10.2147/IJGM.S273900
https://dx.doi.org/10.26574/maedica.2020.15.2.169
https://dx.doi.org/10.26574/maedica.2020.15.2.169
https://dx.doi.org/10.1016/j.jacc.2004.10.044
https://dx.doi.org/10.1016/j.jacc.2004.10.044
https://dx.doi.org/10.1530/EJE-10-0705
https://dx.doi.org/10.1530/EJE-10-0705
https://dx.doi.org/10.1210/jcem.87.7.8629
https://dx.doi.org/10.1210/jcem.87.7.8629
https://dx.doi.org/10.1136/jnnp.38.3.241
https://dx.doi.org/10.1136/jnnp.38.3.241
https://dx.doi.org/10.1507/endocrj.k10e-333
https://dx.doi.org/10.1507/endocrj.k10e-333
https://dx.doi.org/10.1111/j.1464-5491.2007.02270.x
https://dx.doi.org/10.1111/j.1464-5491.2007.02270.x
https://dx.doi.org/10.1507/endocrj.ej11-0199
https://dx.doi.org/10.1507/endocrj.ej11-0199
https://dx.doi.org/10.9790/0853-13360106
https://dx.doi.org/10.9790/0853-13360106
https://dx.doi.org/10.1507/endocrj.ej14-0206
https://dx.doi.org/10.1507/endocrj.ej14-0206
https://dx.doi.org/10.36106/ijsr/8018613
https://dx.doi.org/10.36106/ijsr/8018613
https://dx.doi.org/10.18203/2349-3933.ijam20205477
https://dx.doi.org/10.18203/2349-3933.ijam20205477
https://dx.doi.org/10.2147/IJGM.S337779
https://dx.doi.org/10.2147/IJGM.S337779
https://dx.doi.org/10.1159/000356507
https://dx.doi.org/10.1159/000356507
https://dx.doi.org/10.1111/j.1365-2265.2008.03280.x
https://dx.doi.org/10.1111/j.1365-2265.2008.03280.x

	The Impact of Hypothyroidism on Diabetes Mellitus and Its Complications: A Comprehensive Review
	Abstract
	Introduction And Background
	Review
	Methodology
	Type 2 diabetes mellitus and hypothyroidism
	FIGURE 1: Pathophysiology of hypothyroidism-mediated diabetes mellitus
	TABLE 1: Studies exploring the association between hypothyroidism and the development of type 2 diabetes mellitus

	Hypothyroidism and diabetic complications
	TABLE 2: Studies exploring the effect of hypothyroidism on the development of complications of type 2 diabetes mellitus

	Treatment of hypothyroidism in diabetes mellitus patients
	Limitations

	Conclusions
	Additional Information
	Disclosures

	References


