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Purpose: To determine the prevalence of hypothyroidism in patients with type 2 diabetes mel-

litus (T2DM), hypertension, and both T2DM and hypertension (T2DM + hypertension) in India.

Patients and methods: In this cross-sectional observational study, adult patients with an 

established or newly diagnosed T2DM, hypertension, and T2DM + hypertension who were visit-

ing their physicians for a routine clinical checkup were enrolled across 29 sites in India. All the 

patient-related data were extracted from their medical records. The prevalence of hypothyroidism 

was evaluated by thyroid function test (levels of serum free thyroxine, free triiodothyronine, 

and thyroid-stimulating hormone [TSH]). The proportion of obese and overweight hypothyroid 

patients and dose of thyroxine in overt and subclinical hypothyroidism (SCH) cases (as per TSH 

values) were assessed during the study. The results were summarized by descriptive statistics.

Results: A total of 1,508 patients (T2DM: 504; hypertension: 501; T2DM + hypertension: 503) 

were enrolled in the study. The prevalence of hypothyroidism in patients with T2DM, hyper-

tension, and T2DM + hypertension was 24.8%, 33.5%, and 28.9%, respectively. The overall 

prevalence of hypothyroidism in T2DM (n=1,002) and hypertension (n=1,001) was 26.9% and 

31.2%, respectively. The proportion of obese against overweight hypothyroid patients was higher 

in all indications (T2DM: 16.5% vs 3.4%; hypertension: 23.8% vs 5.4%; T2DM + hypertension: 

21.5% vs 3.8%). A considerable proportion of patients with SCH was prescribed thyroxine 

in T2DM (61.5%), hypertension (61%), and T2DM + hypertension (62.5%) cases. The most 

commonly prescribed dose (mean) of thyroxine was 50 and 25 µg for overt hypothyroidism and 

SCH cases, respectively, in all cohorts.

Conclusion: There is a high (>20%) prevalence of hypothyroidism in patients with T2DM, 

hypertension, and T2DM + hypertension. Screening for hypothyroidism should be routinely 

considered for early diagnosis and effective management.
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Introduction
Hypothyroidism is a decreased functioning of thyroid gland. It can present itself as 

an overt state of myxedema, end-organ effects, and multisystem failure or subclinical 

condition with normal levels of thyroxine and triiodothyronine and mildly elevated 

levels of serum thyrotropin.1 The prevalence of hypothyroidism was documented in 

~4%–5% of population in the developed world, while in Indian population it was 

reported in around one in ten adults.2,3

Type 2 diabetes mellitus (T2DM) and hypertension have an intersecting underlying 

pathology with hypothyroidism. Various studies have shown a high prevalence of  thyroid 
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disorders (TDs) in patients with T2DM (12%–23%) and 

hypertension (22.5%).4–13 Uncontrolled T2DM affects plasma 

triiodothyronine (T3) as well as thyroxine (T4) levels.14 

The possible reasons postulated for an association between 

diabetes mellitus and hypothyroidism could be genetic, 

biochemical, or of hormonal origin.15 The coexistence of 

hypothyroidism and type 1 diabetes mellitus (T1DM) may be 

due to similar autoimmune pathogenesis. Several reports have 

also indicated a higher prevalence of TD in T2DM patients, 

with hypothyroidism being the most common disorder.16 In 

patients with hypertension, structural change of vascular tis-

sue and alteration in the autonomic nervous system by thyroid 

hormone deficiency may increase total peripheral vascular 

resistance and hypothyroidism. Hypothyroid patients have 

also shown reduced dopaminergic activity in central nervous 

system that increases the norepinephrine level, which further 

contributes to the development of hypertension.17

The reported association of hypothyroidism with T2DM 

and hypertension raises the risk of higher prevalence of 

hypothyroidism in patients with T2DM and/or hypertension 

and exacerbation of diabetes- and hypertension-related com-

plications. Hence, screening for hypothyroidism in patients 

with T2DM and/or hypertension can help in early detection 

and better management of hypothyroidism. This study was 

conducted to determine the prevalence of hypothyroidism 

and the management strategies, including prescription of 

thyroxine, in Indian patients with T2DM and hypertension.

Patients and methods
Patients
This cross-sectional, single-visit, observational study was 

conducted to assess the prevalence of hypothyroidism in adult 

patients (aged ≥18 years) with T2DM and/or hypertension 

(who were already receiving antidiabetic/antihypertensive 

therapies [established cases] or with fasting plasma glucose 

[FPG] ≥126 mg/dL or HbA1c ≥6.5% [in newly diagnosed 

T2DM cases18] or with blood pressure [BP] ≥140/90 mmHg 

[in hypertension cases19]) who were visiting their physicians 

for a routine checkup. The patients were included in the study 

after obtaining their written informed consent.

The study was conducted from June to September 2017 

(~3.5 months) at 29 sites across different geographical 

regions in India. Patients with T2DM, hypertension, and 

T2DM + hypertension were recruited in a ratio of 1:1:1. 

Patients with a history of receiving any drug that may have 

caused thyroid dysfunction or had an acute illness that 

affected their thyroid hormone status or subacute thyroiditis 

with complaints of fever, neck pain, and viral infection or 

malignancy/a history of a malignancy in the last 5 years or 

patients on a fixed dose combination of calcium and vitamin 

D supplement were excluded from the study.

The study protocol and other study-related documents 

were approved by the Conscience Independent Ethics 

Committee (Gujarat, India). The study was conducted in 

full conformity with the principles of the Declaration of 

Helsinki, International Council for Harmonization-Good 

Clinical Practices (ICH-GCP) guidelines, Indian Council 

of Medical Research, Indian GCP guidelines, and as per the 

approved protocol.

Data collection
After getting permission from the hospital authorities, the 

patient data were collected from their hospital medical 

records. The patient data included their demographics and 

anthropometric characteristics, medical/surgical/family 

history, vital measurements, details of T2DM and hyper-

tension, including duration of disease, and latest glycemic 

indicator values (FPG, postprandial glucose, HbA1c). The 

laboratory data (if available), including kidney function 

tests, liver function tests, and serum calcium, were also 

noted.

laboratory assessment
The blood sample was collected from each patient for thyroid 

function tests (fT3, free thyroxine [fT4], thyroid-stimulating 

hormone [TSH], and thyroid peroxidase antibody [anti-

TPO]). The levels of fT3, fT4, serum TSH, and anti-TPO 

antibody were estimated from the serum of patients using 

chemiluminescent microparticle immunoassay technology. 

All the data were captured in the electronic case report form 

by the delegated study personnel.

Study-related definitions
Overt hypothyroidism
A patient was classified to have overt hypothyroidism if the 

level of TSH was >4.50 µIU/mL, fT4 <0.8 ng/dL, and fT3 

<1.4 pg/mL.20

Subclinical hypothyroidism (Sch)
A patient was classified to have SCH if the level of TSH 

was >4.50 µIU/mL, fT4 was 0.8–1.8 ng/dL, and fT3 was 

1.4–4.4 pg/mL.20

Overweight
A patient was said to be overweight if BMI was ≥23 and 

<25 kg/m2.21
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Obese
A patient was said to be obese if BMI was ≥25 kg/m2.21

Study outcomes
The primary study outcome was the proportion of patients 

with hypothyroidism (including overt and subclinical) in 

T2DM, hypertension, and T2DM + hypertension cases.

The secondary outcome measures of interest were the 

proportion of overweight and obese hypothyroid patients; 

dose of thyroxine prescribed to patients with overt hypothy-

roidism and SCH as per TSH values.

Statistical analysis
Approximately 1,500 patients, including 500 patients each 

with T2DM, hypertension, and T2DM + hypertension, were 

planned to be enrolled into the study, assuming a 10% dropout 

rate. The descriptive statistics were used to analyze the study 

results. The continuous variables were presented as mean ± 

SD and the categorical variables as frequencies and percent-

ages. All the statistical analyses were performed using SAS 

software version 9.4.

Results
The data were collected from 1,508 patients (T2DM: 504; 

hypertension: 501; T2DM + hypertension: 503). Of these, 

1,501 (99.5%) patients (T2DM: 500; hypertension: 499; 

T2DM + hypertension: 502) completed the study (Figure 1).

anthropometric, clinical, and laboratory 
data
Table 1 summarizes the anthropometric, clinical features, 

and laboratory profile of patients enrolled in the study. In 

the overall population, 792 (52.5%) were females and 716 

(47.5%) were males. The mean age of the overall population 

was 52.9±12.5 years. A higher proportion of the patients 

were graduates or postgraduates (45.4%) and obese (65.3%).

A total of 84 (8.3%) patients with T2DM and 59 (5.9%) 

patients with hypertension had complications due to their 

respective conditions. The most common complication due 

to T2DM and hypertension was diabetic neuropathy (44/84, 

52.4%) and renal disease (31/59, 52.5%), respectively.

A total of 282 (18.8%) patients (T2DM: 86; hypertension: 

109; T2DM + hypertension: 87) had a history of hypothy-

roidism. More than 35% of the patients had a family history 

of T2DM, hypertension, or thyroid disease (T2DM: 41.5%; 

hypertension: 35.7%; T2DM + hypertension: 48.1%).

The levels of fT3, fT4, TSH, and glycemic indicators 

were similar across the indications. Positive anti-TPO was 

found in 185 (42.4%) patients, including 55 (44.4%) patients 

with T2DM, 80 (47.9%) patients with hypertension, and 50 

(34.5%) patients with T2DM + hypertension.

Prevalence of hypothyroidism
A total of 436/1,501 (29.0%) patients had hypothyroidism 

(established [old] cases: 282; new cases: 154), of which 124 

Figure 1 Study flowchart.
Abbreviation: T2DM, type 2 diabetes mellitus.
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(24.8%) cases were reported in patients with T2DM, 167 

(33.5%) in patients with hypertension, and 145 (28.9%) in 

patients with T2DM + hypertension. The overall prevalence 

of hypothyroidism in patients with T2DM and hypertension 

was found to be 26.9% (269/1,002) and 31.2% (312/1,001), 

respectively.

Of 436 patients with hypothyroidism, 337 (77.3%) had 

overt hypothyroidism and 99 (22.7%) had SCH. Among new 

hypothyroid cases, SCH were more prevalent than that of 

overt hypothyroidism across all indications (Table 2).

Of all patients with hypothyroidism, 310 (20.6%) were 

obese and 63 (4.2%) were overweight. The proportion of 

obese and overweight hypothyroid cases was higher in patient 

Table 1 Anthropometric, clinical, and laboratory profile

Parameters T2DM  
(n=504)

Hypertension  
(n=501)

T2DM + hypertension 
(n=503)

Overall  
(N=1,508)

age (years), mean ± SD 50.7±12.18 51.6±13.58 56.4±10.82 52.9±12.49
Weight (kg), mean ± SD 69.0±11.90 70.7±13.37 71.8±12.48 70.5±12.64
height (m), mean ± SD 1.6±0.08 1.6±0.09 1.6±0.09 1.6±0.09
Waist (cm), mean ± SD 87.0±19.03 88.7±16.63 89.7±16.42 88.5±17.43
Female:male, n (%) 240 (47.6):264 (52.4) 283 (56.5):218 (43.5) 269 (53.5):234 (46.5) 792 (52.5):716 (47.5)
Mean BMi (kg/m2), mean ± SD 26.3±4.24 27.1±4.60 27.4±4.54 26.9±4.49
BMi categories, n (%)     

normal (18.5–22.9 kg/m2) 97 (19.2) 73 (14.6) 70 (13.92) 240 (15.9)
Obese (≥25 kg/m2) 303 (60.1) 333 (66.5) 349 (69.4) 985 (65.3)

Overweight (≥23 and <25 kg/m2) 88 (17.5) 86 (17.2) 78 (15.5) 252 (16.7)

Underweight (<18.5 kg/m2) 16 (3.2) 9 (1.8) 6 (1.2) 31 (2.1)
Clinical features
Duration (years), mean ± SD 8.3±6.90 6.8±5.87 – –

age at diagnosis (years), mean ± SD 45.3±10.31 47.3±11.20 – –
Patients having any complications, n (%) 84 (8.3) 59 (5.9)   
TPO ab positivitya, n (%)     

Overt hypothyroidism 41 (41.8) 65 (51.6) 38 (33.6) 144 (42.7)
Subclinical hypothyroidism 14 (53.8) 15 (36.6) 12 (37.5) 41 (41.4)
Overt + subclinical hypothyroidism 55 (44.4) 80 (47.9) 50 (34.5) 185 (42.4)

Vital parameters, mean ± SD
Pulse rate (bpm) 77.4±6.88 76.1±7.27 77.7±9.38 77.0±7.94
Systolic blood pressure (mmhg) 124.2±9.88 134.8±14.61 133.9±16.38 131.0±14.69
Diastolic blood pressure (mmhg) 79.8±6.23 86.5±7.60 83.4±9.31 83.3±8.28
respiratory rate (breaths/min) 17.1±1.79 17.7±197 17.4±1.84 17.4±1.88

Laboratory parameters     
Thyroid function test, n; mean ± SD

fT3 (pg/ml) 500; 3.7±10.69 499; 3.4±8.91 501; 3.3±9.23 1500; 3.5±9.64
fT4 (ng/dl) 500; 1.1±0.68 499; 1.2±0.80 501; 1.2±0.77 1501; 1.1±0.75
TSh (μiU/ml) 500; 3.3±7.04 499; 4.0±11.37 502; 3.1±6.93 1501; 3.5±8.6

glycemic indicators test, n; mean ± SD
FPg (mg/dl) 206; 150.1±69.49 25; 94.0±12.69 219; 130.6±45.43 450; 137.5±58.45
PPg (mg/dl) 194; 216.3±100.83 15; 113.6±22.18 213; 189.3±69.96 422; 199.0±87.11
hba1c (%) 142; 8.5±2.25 8; 5.9±0.37 131; 7.9±1.89 281; 8.1±2.11

Note: aWhen the results are not within range.
Abbreviations: BMi, body mass index; FPg, fasting plasma glucose, fT3, free triiodothyronine; fT4, free thyroxine; PPg, postprandial glucose; T2DM, type two diabetes 
mellitus; TPO ab, thyroid peroxidase antibody; TSh, thyroid-stimulating hormone.

with hypertension compared with those with T2DM and 

T2DM + hypertension (overweight: T2DM: 3.4%, hyper-

tension: 5.4%, T2DM + hypertension: 3.8%; obese: T2DM: 

16.5%, hypertension: 23.8%, T2DM + hypertension: 21.5%).

Thyroxine treatment
More than 50% of the hypothyroid patients with T2DM, 

hypertension, and T2DM + hypertension was prescribed thy-

roxine. A considerable proportion of patients with SCH was 

prescribed thyroxine in patients with T2DM (16 [61.5%]), 

hypertension (25 [61.0%]), and T2DM + hypertension (20 

[62.5%]). The most commonly prescribed mean dose of thy-

roxine was 50 and 25 µg in overt hypothyroidism and SCH 
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cases, respectively, across all cohorts (overt: T2DM: 33.3%, 

hypertension: 23.9%, T2DM + hypertension: 30.3%; SCH: 

T2DM: 56.3%, hypertension: 56.0%, T2DM + hypertension: 

75.0%).

Discussion
Hypothyroidism, as defined by underactive thyroid gland, 

has been estimated to affect ~10% of the Indian popula-

tion.3 Diabetes and hypertension have shown a significant 

association with hypothyroidism.17,22 We undertook this 

study to determine the prevalence of hypothyroidism in 

patients with T2DM and hypertension and further explored 

the management strategies, including thyroxine prescription, 

at 29 sites in India.

This study clearly reported a high prevalence of hypo-

thyroidism in patients with T2DM (24.8%), hypertension 

(33.5%), and T2DM + hypertension (28.9%) compared 

with documented prevalence in the existing literature. The 

published studies have reported hypothyroidism prevalence 

to be 11%–23% in patients with T2DM7–11,16 and 18%–22.5% 

in patients with essential hypertension.13,23 The advent of 

more sensitive and specific TSH assays could be a reason 

for presumptive diagnosis, thereby higher prevalence of 

hypothyroidism in our study. In T2DM patients, the higher 

prevalence of hypothyroidism could be attributed to higher 

mean glycemic status (HbA1c =8.5%) within the cohort. 

Studies have shown that the serum T3 levels, basal TSH 

levels, and TSH response to thyrotropin releasing hormone 

are strongly influenced by the glycemic control.11 Longer 

duration of diabetes and hypertension along with more elderly 

and obese patients in our study could also have contributed to 

higher prevalence of hypothyroidism. A long-standing iodine 

deficiency in Indian population and several environmental 

factors like an increase in unregulated use of pesticides, 

exposure to industrial pollutants including goitrogens, and 

consumption of unclean drinking water in the past decade 

may serve as the other causes of hypothyroidism.24

Table 2 Prevalence of hypothyroidism (old and new) in newly and previously diagnosed patients

Type of cases Number (%) of patients with classification of hypothyroidism in old and newly diagnosed cases across 
different clinical conditions

T2DM (n=500) Hypertension (n=499) T2DM + hypertension 
(n=502)

Overall 
(N=1,501)

Overt SCH Total Overt SCH Total Overt SCH Total

newly diagnosed cases 12 (2.4) 26 (5.2) 38 (7.6) 17 (3.4) 41 (8.2) 58 (11.6) 26 (5.2) 32 (6.4) 58 (11.6) 154 (10.2)
Old cases 86 (17.2) – 86 (17.2) 109 (21.8) – 109 (21.8) 87 (17.3) – 87 (17.3) 282 (18.8)
Overall 98 (19.6) 26 (5.2) 124 (24.8) 126 (25.3) 41 (8.2) 167 (33.5) 113 (22.5) 32 (6.4) 145 (28.9) 436 (29.0)

Abbreviations: Sch, subclinical hypothyroidism; T2DM, type 2 diabetes mellitus.

Hypothyroidism is usually underreported due to its higher 

prevalence in rural than in urban areas. In view of this, screen-

ing for hypothyroidism has been emphasized in a subset of 

patients’ population who are suffering from conditions that 

have shown an association with hypothyroidism. A close 

monitoring and screening of thyroid function are recom-

mended by many societies in T1DM patients. However, the 

same practice in T2DM patients is less precise.18,25,26 Polish 

Society of Endocrinology and Polish Diabetes Association, 

British Thyroid Association and Association of Clinical 

Biochemistry, and Indian Thyroid Society recommend that 

patients diagnosed with T2DM require thyroid function 

testing at the time of diagnosis. However, annual testing 

of thyroid function is not recommended.26–28 In addition, 

the guidelines of major endocrine and diabetes societies 

are ambiguous with respect to specific screening policy, 

including the choice of thyroid function tests, frequency of 

screening, and the intervals between testing in all diabetes 

patients. Also, American College of Cardiology/American 

Heart Association Task Force on Clinical Practice Guide-

lines consider hypothyroidism and hyperthyroidism as two 

remediable causes of hypertension and recommend TSH 

testing in evaluation of patients with primary hypertension.29 

The uncertain recommendations of major societies, excess 

of medications used due to associated comorbidities, high 

cost of thyroid profile test, adverse events of medications, 

poor awareness among patients, limited resources in primary 

health care, and asymptomatic nature of the disease (in some 

cases) are few major obstacles for thyroid screening in T2DM 

and hypertensive population.

An array of physiological aberrations is reported in 

patients with TD and diabetes mellitus and/or hypertension. 

Thyroid hormones play an important role in maintaining 

regular blood glucose, circulating levels of insulin, and 

counterregulatory hormone like epinephrine. In patients 

with poorly controlled diabetes, reduced T3 levels have been 

observed along with impairment of the response of serum 
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TSH to thyrotropin releasing hormone stimulation.30 Hyper-

insulinemia in association with insulin resistance has shown 

a proliferative effect on thyroid tissue resulting in increased 

formation of thyroid nodules.31 The deficiency of thyroid hor-

mone accelerates the structural changes in vascular tissue and 

increases the total peripheral resistance. The elevated TSH 

and thyroid hormone deficit contribute to the development 

of hypertension by increasing the norepinephrine release 

by altering the autonomic nervous function and reducing 

dopaminergic activity in the brain, respectively.17

Multiple studies have reported a positive association of 

BMI with levels of TSH, T3 (total and free), and serum leptin, 

which could be due to progressive fat accumulation.32–34 Fatty 

individuals have underexpression of TSH receptors on their 

adipocytes, which further increases the plasma concentration 

of TSH and fT3.34–37 In our study, 20.6% of the hypothyroid 

patients were identified as obese and 4.2% as overweight, 

further suggesting a direct relationship between BMI and 

proportion of patients with hypothyroidism.

In this study, among new hypothyroid cases, SCH was 

more prevalent than overt hypothyroidism across all cohorts. 

This may be possibly because SCH represents an early or 

initial stage of thyroid disease, which may progress to the 

chronic condition of overt hypothyroidism, if not appropri-

ately treated. In 2012, Khandelwal and Tandon reported the 

annual progression of SCH cases to overt hypothyroidism 

in ~2%–5% cases.38 Hence, a closer monitoring of thyroid 

function tests along with adjustment of thyroxine doses is 

imperative in patients with SCH, particularly in high-risk 

population.

The TSH assay is the best for initially evaluating thyroid 

function and is the most reliable test for diagnosing primary 

hypothyroidism in outpatient settings.39,40 Patients with TSH 

levels between 4.5 and 10 µU/mL and normal serum-free T4 

levels (SCH) should be carefully evaluated and monitored for 

changes in their hormone levels. In our study, a considerable 

proportion of patients with T2DM (54.0%), hypertension 

(55.1%), and T2DM + hypertension (59.3%) were prescribed 

thyroxine. A higher proportion of patients with SCH were 

prescribed thyroxine in all cohorts. The most common mean 

dose of thyroxine in overt hypothyroidism and SCH cases 

was 50 and 25 µg, respectively. Our results were supported 

by another study, which recommended the initial dosage of 

thyroxine to be 25–50 U in patients with SCH.41 Various 

randomized clinical trials have also shown daily dose of 25 

or 50 µg with subsequent dose adjustments to be effective 

in normalizing the raised serum TSH levels in patients with 

SCH.42,43 In another study, a dose of 25 µg thyroxine was rec-

ommended followed by gradual step-up approach in a patient 

with stable angina pectoris.44 In addition, the clinical practice 

guideline for hypothyroidism by American Association of 

Clinical Endocrinologists/American Thyroid Association 

recommends a dose of thyroxine to be 25–75 µg/day, depend-

ing on the degree of TSH elevation, in patients with SCH. 

Further adjustments of thyroxine dose should be based on 

their clinical response and follow-up TSH values.45 Hence, 

adjusting thyroxine dose in hypothyroid patients facilitates 

the care and helps in prompt normalizations of TSH levels 

and improves general well-being.

Our study has few strengths and limitations. The strength 

being that ours is the first study highlighting the burden of 

hypothyroidism in patients with T2DM and hypertension and 

identifying the impact of this comorbidity on the prevalence 

of hypothyroidism. It can be assumed that patients participat-

ing in this study represent the overall population as they are 

enrolled from 29 sites across different geographical regions 

all over India. There are few limitations of this study. First, 

no control group was included to see the viability of results 

in the studied population. Second, this study was limited in 

its ability to conclude an association between hypothyroidism 

with gender, age, and duration of diabetes or hypertension. 

Third, no test was carried out to measure iodine content in 

the food samples or urinary iodine excretion for identification 

of level of iodine content.

Nevertheless, this study provides the first nationwide data 

on the prevalence of hypothyroidism in patients with T2DM 

and/or hypertension. However, a longitudinal study needs to 

be undertaken to ascertain the long-term association between 

TD and T2DM and/or hypertension and to assess its impact 

on disease progression to provide stronger evidence of asso-

ciation between T2DM, hypertension, and hypothyroidism.

Conclusion
This study reports the high prevalence of hypothyroidism in 

patients with T2DM, hypertension, and T2DM + hyperten-

sion. Most of the patients are previously known cases of 

overt hypothyroidism and are obese. This study further sup-

ports the existing literature in reporting the comorbidities 

among T2DM/hypertension/hypothyroidism and the utility 

of screening for hypothyroidism in patients with T2DM and/

or hypertension as early diagnosis not only can lead to better 

management of hypothyroidism but can also be helpful in 

addressing the complications of diabetes and hypertension, 

which are shown to be accentuated by hypothyroidism.
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