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Grave’s disease affects numerous patients globally, but its impact on health-
related quality of life (HR-QoL) in relation to geographical disparities remains 
under-explored. This cross-sectional study aimed to assess the influence of 
urban versus rural residence on HR-QoL among patients diagnosed with Graves’ 
Disease in Rajasthan, India. One hundred seven Graves’ disease patients from 
rural and urban endocrine centers were analyzed. The rural group included 52 
patients (24 males, 28 females), averaging 38.9  ±  10.9  years of age, while the 
urban group had 55 (13 males, 42 females) with an average age of 39.1  ±  14.2  years. 
We found differences between rural and urban patients in terms of gender ratio, 
BMI, smoking habits, and obesity. Multivariable linear regression was used in 
both groups to determine the association between the baseline characteristics 
of Graves’ patients from both areas and HR-QOL. Health-related quality of life, 
assessed via the SF-36 questionnaire, indicated higher general health and role 
emotional scores among urban patients. Our study found that the duration of 
Graves’ disease in rural centers negatively impacted physical health scores. In 
urban patients, age and BMI influenced physical health, while gender and disease 
duration affected mental health scores in rural patients. Age impacted mental 
health in urban patients. Rural patients had a poorer quality of life compared 
to urban patients. Differences in gender distribution, BMI, smoking habits, and 
obesity rates revealed disparities in Graves’ disease between rural and urban 
patients in India, highlighting the need for better healthcare infrastructure and 
awareness in rural areas.
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1 Introduction

Graves’ disease is an autoimmune thyroid disease, caused by the 
TSH receptor antibodies induced activation of the thyroid gland. 
Symptoms of the Graves’ disease range from distressing weight loss, 
palpitations, fatigue, heat intolerance to depression, and cognitive 
deficits. These wide-ranging symptoms significantly affect the patient’s 
quality of life, impacting their daily activities, occupational 
performance, emotional well-being, and social relationships, 
substantially diminishing their overall quality of life (1).

Most of the clinic-epidemiological studies on the Graves have 
focused on urban populations and ignored rural perspective (2, 3). In 
rural India, limited healthcare access, long travel times, less specialized 
care, and cultural or societal stigmas associated with chronic illnesses 
can significantly impact the trajectories and outcomes of the Graves’ 
disease in rural patients (4). The clinic-epidemiological data of Graves 
is skewed toward the urban population and does not represent the 
rural population with Graves.

This manuscript addresses this research gap by comparing the 
clinic-epidemiological spectrum of Graves’ disease in urban and rural 
settings. This study also investigates how geographical disparities can 
affect HR-QoL in patients with Grave’s disease.

2 Methods

2.1 Study design and population

The study is a cross-sectional study conducted at NIMS 
University’s two endocrine centers. The first endocrine center (urban 
center) is in the Raja Park of Jaipur, and the second endocrine center 
(rural) is located in the university hospital at the Chitanukalan 
village, Tehsil-Amber, Jaipur, Rajasthan, India (5). The study was 
conducted between March and June of 2023. To calculate the sample 
size for comparing the quality of life (QoL) in patients with Graves’ 
disease in rural and urban areas using the SF-36 questionnaire, 
we use the formula for comparing two means. Although there is no 
specific study on this topic, we  extrapolate from past studies 
comparing QoL in rural and urban populations without Graves’ 
disease (Supplementary File 1) (6).

The inclusion criteria for this study were (a) >18 years of age, (b) 
confirmed diagnosis of Graves’ disease, and (c) willingness to provide 
informed consent for participation. Patients who did not meet the 
diagnostic criteria established by the European Thyroid Association 
or who showed evidence of other autoimmune diseases, such as type 
1 diabetes, celiac disease, adrenal insufficiency, or hypogonadism, 
were excluded (7). Patients with coronary artery disease, chronic liver 
disease, chronic lung disease, and substance abuse disorder were also 
excluded from the study.

2.2 Study recruitment procedure

At NIMS University, the endocrinology department stores all 
patient-related information, including demographics, clinical history, 
examination, diagnosis, investigations, treatment, and follow-up, in 
the EMR (Healthplix). The EMR have a structured patient history and 
demonstration form. This form is used to record the clinical data. 

We selected 300 Graves’ disease patients from the EMR at both (urban 
and rural) centers. After screening for inclusion and exclusion criteria, 
we found 120 patients eligible for the study. Fifty-five patients from 
the urban endocrine center and 52 from the university hospital 
attached endocrine center consented to the study (Figure 1).

2.3 Collection of clinical data

We collected data from the EMR using specially designed forms 
and cross-checked it with in-person patient interviews. We gathered 
information about the patient’s age, gender, educational status, and 
residence (rural or urban). We also recorded detailed clinical history, 
including symptomatology at presentation (weight fluctuations, 
shortness of breath during exertion, palpitations, fatigue, anxiety, 
appetite irregularities, and moist or warm hands) and values of thyroid 
function tests (serum thyroid stimulating hormone, T4, and T3) at the 
time of diagnosis (8). Symptoms of Graves’ Orbitopathy, including eye 
pain (ophthalmalgia), swelling around the eyes (periorbital edema), 
and vision abnormalities (blurred vision, color desaturation, scotoma), 
were also recorded. We measured patients’ weight (in kilograms) and 
height (in meters) to calculate the body mass index (BMI) using the 
formula BMI = weight (kg)/height2 (meters squared). We  used the 
World Health Organization’s classification of overweight (23.0–24.9 kg/
m2) and obesity (BMI ≥ 25.0 kg/m2) (9). Patients’ smoking and alcohol 
status was categorized based on the National Center for Health Statistics 
guidelines by the Centers for Disease Control and Prevention (10, 11).

2.4 Health-related quality of life 
questionnaire

The patient’s health-related quality of life was assessed using the 
HRQOL 36-item SF-36 questionnaire. This commonly used 
questionnaire evaluates patients’ mental and physical well-being. The 
SF-36 questionnaire comprises eight scales that generate two summary 
measures: physical and mental health. The physical health summary 
scale consists of four scales: physical functioning (10 items), role-physical 
(four items), bodily pain (two items), and general health (five items). 
Vitality (four items), social functioning (two items), role-emotional 
(three items), and mental health (five items) comprise the mental health 
measure of emotional role (12). Energy and exhaustion levels, social 
involvement, the influence of emotional disorders on daily roles, and 
mental health are assessed in these domains (13, 14). The scoring 
followed RAND Healthcare, RAND Corporation’s SF-36 scoring 
instructions. Domain ratings range from 0 to 100, with higher scores 
indicating greater health-related quality of life and poorer scores (15–18).

2.5 Lab investigations

We did serum thyroid stimulating hormone (0.5–5.0 mIU/L), total 
T3 (0.9–2.8 ng/mL), and total T4 (5.4–11.5 μg/dL) (ECLIA, Vitros 
5600 Integrated system, CA, USA) (19–21). Hyperthyroid patients 
who did not have clinical evidence (orbitopathy, dermopathy) of 
Graves’ disease were subjected to the Tc99 thyroid scan (Millenium 
MG, GE, Chicago, IL, USA) for uptake studies. The standard normal 
uptake was kept between 0.2 and 2.0%. Patients with a Tc99 uptake of 
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less than 0.04% were labeled as having reduced uptake and excluded 
from the study. Hyperthyroid patients with Tc99 uptake >0.2% were 
labeled as normal/increased uptake, suggesting Graves’ disease (7). In 
patients who did not want the thyroid scan or had contraindications 
for it, serum thyroid stimulating hormone receptor antibodies 
(>1.75 IU/L) [Cobas e 801, Basel, Switzerland] were done to confirm 
the diagnosis of Graves’ disease (22).

2.6 Ethics

The current study was carried out with the approval of the 
Institutional Review Board (approval number: NIMSUR/
IEC/2023/672) by the ethical principles outlined in the Declaration of 
Helsinki. All patients provided informed consent before participating 
in this observational study.

2.7 Statistical analysis

The data was analyzed by IBM SPSS software, version 28.0, based 
in Chicago, IL, USA. Continuous variables were presented using the 

mean and standard deviation, and categorical variables were expressed 
in frequency and proportion. The t-test was used to compare 
quantitative variables, while the chi-square was used to compare 
categorical variables, Mann–Whitney U test was employed to compare 
the non-parametric data. The determinants of the physical and mental 
components score of the SF-36 were computed using multivariable 
linear regression among urban and rural patients.

3 Results

3.1 Study population

Of the 120 eligible patients, 13 declined to participate in the study. 
As a result, 107 patients with Grave’s disease were included in the 
study, with 52 (24 male/28 females) from the university endocrine 
center (rural) center and 55 (13 male/42 female) from the urban 
endocrine center. The average age of patients from rural and urban 
centers was 38.9 ± 10.9 years (range 21–62) and 39.1 ± 14.2 years (range 
18–75 years), respectively. In the patients presented to the rural center, 
there were seven graduates; at the urban center, there were 48 
graduates, and no patients were illiterate.

FIGURE 1

Flowchart illustrating the study methodology.
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The BMI of patients who were presented from the rural center was 
20.94 ± 3.63 kg/m2, whereas, in the urban center, it was 24.26 ± 4.90 kg/
m2 (Table 1).

3.2 Clinico-epidemiological data

The demographic parameters of the Graves patients presenting to 
rural and urban centers were compared and shown in Table 1. A 
significant difference was observed in female to male ratio in urban 
(3.1:1) and rural (1.2:1) settings (p value = 0.014). Moreover, patients 
from urban exhibited a higher level of education than those from rural 
centers, with respective counts of n = 48 and n = 7 (p value = <0.001). 
Urban patients have a longer duration of grave’s disease as compare to 
the rural patients (p-value = <0.001) (Figure 2).

A higher proportion of rural patients (23.07%) quit smoking than 
their urban counterparts (10.9%) (p value = 0.001). Patients from the 
rural center have lower body mass index than urban patients 
(20.94 ± 3.63 vs. 24.26 ± 4.90, kg/m2, p-0.025). Obesity was more 
prevalent in urban (36.36%, n-20) patients than in rural (11.53%, n-6) 

(p value = 0.002). After starting the treatment, any weight gain was 
more common in patients from rural centers (n = 16) than in urban 
centers (30.76% vs. 14.54%) (p-value = 0.022). Exophthalmos was 
more commonly observed in patients from rural centers (n = 28) than 
in those from urban centers (n = 13) (p-value = <0.001) as well as 
nervousness (p-value = <0.001). In contrast, goiter (p-value = 0.037) 
and tremor (p-value = <0.001) were more prevalent among urban 
patients compared to rural patients (Figure 3).

3.3 Lab investigations

Various laboratory diagnostic parameters were measured, 
including blood hemoglobin, serum thyroid stimulating hormone, 
serum total T3, and serum total T4. At presentation, serum, TSH levels 
were significantly higher in patients from urban centers compared to 
those from the rural centers (0.02 [0.01–0.72] mIU/L vs. 0.01 [0.00–
0.02] mIU/L, p-value = 0.000). There were no significant differences in 
other diagnostic parameters between rural and urban center patients, 
including hemoglobin levels (12.45 [10.40–14.25] mg/dL vs. 12.70 
[10.70–13.20] mg/dL, p-value = 0.880), T3 (triiodothyronine) levels 
([1.77–8.68] ng/mL vs. 5.03 [3.19–7.84] ng/mL, p-value = 0.322), and 
T4 (thyroxine) levels (11.45 [7.82–14.02]  mcg/dL vs. 12.17 [8.35–
18.28] mcg/dL, p-value = 0.676) (Table 2).

3.4 Physical and mental component 
summary scores in patients from rural and 
urban centers

The SF-36 Short Form health survey questionnaire was used to 
evaluate the scores of different domains. In the HRQOL questionnaire, 
urban patients had higher scores on general health (54.01 ± 8.03 vs. 
46.44 ± 6.01, p-value = <0.001) and role emotional (96.49 ± 13.66 vs. 
89.76 ± 26.00, p-value = 0.051) (Figure 4).

3.5 Association of baseline characteristics 
with physical component summary scores 
of SF-36

Multiple linear regression test was employed to investigate the 
relationship between various baseline characteristics and the physical 
component summary score. At rural centers, the duration of Graves’ 
disease negatively correlated with the physical component summary 
score [β = −0.435, −9.20 to 1.35, p-value = 0.010]. Also, an increase in 
the age of urban patients with Graves’ disease is linked to a decline in 
their physical component score [β = 0.38, −0.43 to −0.07, 
p-value = 0.005]. Moreover, urban patients’ Body Mass Index (BMI) is 
strongly associated with the physical component summary score 
[β = 0.30, −1.05 to −0.09, p-value = 0.021] (Table 3).

3.6 Association of baseline characteristics 
with mental component summary

Multiple linear regression was used to compare baseline attributes 
to the mental component summary score. Female patients with 
Graves’ disease in rural centers had higher mental component 

TABLE 1 Baseline demographical parameters of the Graves patients 
enrolled at the rural and urban endocrine centers of the NIMS university.

Demographical 
parameters

Rural 
(n  =  52)

Urban 
(n  =  55)

p-value*

Age (mean ± SD, years) 38.96 ± 10.88 39.25 ± 14.06 0.100

Age of diagnosis 

(mean ± SD, years)

37.84 ± 10.84 37.29 ± 13.90 0.398

Gender (n) 0.014

 Male 24 (46.1%) 13 (23.6%)

 Female 28 (53.8%) 42 (76.3%)

Education (n) <0.001

 Illiterate 11 (21.1%) 0

 Primary school 18 (34.6%) 1 (0.18%)

 High school 12 (23.07%) 0

 Intermediate 4 (0.76%) 6 (10.9%)

 Graduate or postgraduate 7 (13.46%) 48 (87.2%)

BMIǂ (kg/m2) 20.94 ± 3.63 24.26 ± 4.90 0.025

 Underweight 15 (28.8%) 4 (7.2%)

 Normal weight 26 (50%) 23 (41.8%)

 Overweight 5 (9.6%) 8 (14.54%)

 Obese 6 (11.53%) 20 (36.36%)

Smoking status (n) 0.001

 Current 8 (15.3%) 0

 Former 12 (23.07%) 6 (10.9%)

 Never 32 (61.53%) 49 (89.09%)

Alcohol status (n) 0.054

 Current 5 (0.6%) 0

 Former 9 (17.3%) 9 (16.36%)

 Never 37 (71.15%) 46 (83.63%)

All the data is presented in mean ± standard deviation (SD) or number (n) and %.
*p-value was statistically significant at p ≤ 0.05, significant values are marked bold.
ǂBMI, Body Mass Index.
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summary scores than male patients (β = 0.14, −1.70 to 2.29, 
p-value = 0.037). Rural patients with Graves’ disease had an inverse 
correlation between mental component score and disease duration 
(β = 1.076, −6.74 to 1.63, p-value = 0.026). In urban patients with 
Graves’ disease, age also had a negative correlation with mental 
component score (β = −0.662, −0.97 to 1.11, p-value = 0.009) 
(Table 4).

4 Discussion

This is the first study of its kind, in which we  conducted a 
comprehensive analysis comparing the clinical and epidemiological 
aspects of Graves’ disease in patients presenting at rural and urban 
centers, as well as investigating the factors influencing the quality of 
life among people with Graves’ disease. This study’s findings also 

FIGURE 2

Comparison of duration of Grave’s disease between rural and urban patients.

FIGURE 3

Comparison of clinical symptoms like (A) weight loss, (B) weight gain on therapy, (C) exophthalmos, (D) goiter, (E) nervousness, (F) tremor in rural and 
urban patients with Graves’ disease (p-value  <  0.05).
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revealed significant differences between rural and urban patients with 
Graves’ disease.

Compared to the urban endocrine center, patients with 
Graves’ disease who presented to the NIMS university’s rural 
endocrine center faced some unique challenges. They had a 
longer duration of disease, a lower BMI, more weight loss, and 
higher T4 levels at the time of presentation to the endocrine 
center. These indicate more severe disease in the patients who are 
presenting to the rural endocrine center of the NIMS university. 

Concurrently, their quality of life was lower than that of their 
urban counterparts.

Low awareness of Graves’ disease, poor rural health infrastructure, 
inability to diagnose Graves’ disease at the primary care level in India, 
low education status, poor nutrition, and more prevalent smoking in 
rural Graves patients were all factors contributing to this unique 
phenotype in rural Graves patients (23).

Urban patients were more educated and health-aware. 
However, rural patients often lack this awareness due to limited 

TABLE 2 Clinical features of the Graves patients as per the urban and rural perspective.

Variables Rural Urban p-value*

Lab parameters

HbϮs, median [Q1–Q2] 12.45 [10.40–14.25] 12.70 [10.70–13.20] 0.880

Male [12.3–16.4 mg/dL] 14.10 [11.80–15.10] 14.20 [12.65–15.03] 0.841

Female [11.0–14.4 mg/dL] 11.60 [9.55–12.80] 12.00 [10.55–13.20] 0.257

TSHϯ, median [Q1–Q2], 0.5–5.0 mIU/L 0.01 [0.00–0.02] 0.02 [0.01–0.72] 0.000

T3ϴ, median [Q1–Q2], 0.9–2.8 ng/mL 3.86 [1.77–8.68] 5.03 [3.19–7.84] 0.322

T4Ϫ, median [Q1–Q2], 5.4–11.5 mcg/dL 11.45 [7.82–14.02] 12.17 [8.35–18.28] 0.676

Symptoms (p-value > 0.05)

Puffy eyes (n) 16 (30.76%) 11 (20%) 0.102

Blurred vision (n) 16 (30.76%) 11 (20%) 0.102

DOE (n) 16 (30.76%) 13 (23.63%) 0.222

Palpitation (n) 20 (38.46%) 26 (47.27%) 0.160

Tiredness (n) 32 (61.53%) 27 (49.09%) 0.118

Increased appetite (n) 17 (32.69%) 24 (43.63%) 0.124

Decreased appetite (n) 9 (17.30%) 24 (43.63%) 0.001

Hands hot (n) 19 (36.53%) 24 (43.63%) 0.229

Hands moist (n) 19 (36.53%) 24 (43.63%) 0.229

The data is presented in median [Q1–Q2] or number (n) and %.
*p-value was statistically significant at p ≤ 0.05, significant values are marked bold.
ϮHb, Hemoglobin; ϯThyroid stimulating hormone; ϴTriiodothyronine; ϪT4, Thyroxine.

FIGURE 4

SF 36 multidomain scores of rural and urban patients.
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educational resources and healthcare infrastructure development. 
Awareness led to an early presentation at the urban 
endocrine center.

Underdeveloped healthcare facilities in rural India delayed 
Graves’ disease cases’ presentation to tertiary care centers that could 
treat it. This delay in seeking medical attention worsened disease 
symptoms, as rural patients had higher T4 levels. As mentioned, rural 
patients were more likely to smoke, which increased Graves’ disease 
risk and reduced the efficacy of the medical treatment. Smoking 
increases thyroid hormone production and decreases antithyroid 

treatment efficacy, which may explain rural patients’ higher T4 
levels (23).

Poor HRQOL SF-36 scores indicated a low quality of life in rural 
Graves’ disease patients. The late presentation of rural patients to the 
university endocrine center prolonged untreated Graves’ disease. 
Long-term untreated Graves’ disease resulted in increased weight loss 
and sarcopenia, resulting in physical deconditioning (24). 
Deconditioning made daily activities more difficult and reduced 
physical component summary scores. In contrast, the Graves’ disease 
urban patient had better nutrition, lower T4 levels, earlier access to 

TABLE 3 Multivariable linear regression model factors associate with the physical component summary score of the SF-36 among urban and rural 
patients with Graves’ disease.

Factors Rural Urban

β 95% CI p-value β 95% CI p-value

(Constant) 51.94–98.85 0.000 79.38–110.21 0.000

Gender 0.15

 Female −0.153 −10.72 to 4.46 0.411 −0.18 −9.53 to 1.54

 Male (ref)

 Age 0.10 −0.19 to 0.38 0.51 −0.38 −0.43 to −0.07 0.005

Smoking

 Current 0.004 −0.136 to 0.321 0.984 −0.16 −12.44 to 2.91 0.21

 Former 0.130 −0.042 to 0.602 0.440 0.070 −1.79 to 3.46 0.664

Never (ref)

 BMI −0.20 −1.36 to 0.21 0.148 −0.30 −1.05 to −0.09 0.021

 Duration of Grave’s disease −0.435 −9.20 to 1.35 0.010 −0.13 −3.04 to 0.82 0.25

 Total symptoms −0.324 −1.92 to 0.05 0.039 0.081 −0.56 to 1.15 0.49

R = 0.47, R2 = 0.22, Adjusted R2 = 0.11

F = 2.07, p = 0.025, β0 = 75.39

R = 0.60, R2 = 0.36, Adjusted R2 = 0.29

F = 4.68, p = <0.001, β0 = 94.79

*p-value was statistically significant at p ≤ 0.05, significant values are marked bold.

TABLE 4 Multivariable linear regression model factors associate with the mental component summary score of the SF-36 among urban and rural 
patients with Graves’ disease.

Factors Rural Urban

β 95% CI p-value β 95% CI p-value

(Constant) 50.07–95.36 0.000 57.24–78.68 0.000

Gender 0.14 −1.70 to 2.29 0.037 −0.069 −5.56 to 3.58 0.665

 Female

 Male (ref)

 Age 0.152 −0.08 to 0.52 0.157 −0.662 −0.97 to 1.11 0.009

Smoking

 Current 5.677 −11.10 to 11.79 0.952 0.033 −5.69 to 7.00 0.836

 Former 4.261 −6.622 to 10.95 0.581 −0.053 −566 to 3.833 0.722

Never (ref)

 BMI 0.411 −1.30 to 0.355 0.256 0.001 −0.39 to 0.40 0.995

 Duration of Grave’s disease 1.076 −6.74 to 1.63 0.026 0.076 −1.19 to 2.01 0.610

 Total symptoms 0.502 −1.81 to 0.21 0.118 −0.573 −0.83 to 0.88 0.019

R = 0.45, R2 = 0.22, Adjusted R2 = 0.21

F = 2.87, p = 0.025, β0 = 72.72

R = 0.44, R2 = 0.25, Adjusted R2 = 0.22

F = 2.18, p = 0.008, β0 = 67.96

*p-value was statistically significant at p ≤ 0.05, significant values are marked bold.
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healthcare, and better follow-up, all of which improved physical 
health scores.

Rural Graves patients scored lower in mental health. Rural 
patients had lower mental health scores due to lower educational 
attainment, inadequate healthcare infrastructure, and elevated T4 
levels, which caused mental frustration and lower mental 
health scores.

In literature, there is minimal data regarding the quality of life in 
the urban and rural Graves patients, making comparison difficult with 
the other studies.

Our study has some strengths and weaknesses. Understanding 
Graves’ disease from different geographical and socioeconomic 
settings makes our study unique. Graves patients’ quality of life 
was previously unexplored in literature, making our study the 
first of its kind. This study fills a need in medical research by 
comparing urban and rural quality of life and revealing how 
geographical and socioeconomic factors affect Graves’ disease 
patients’ health. This novel approach adds to existing knowledge 
and allows for more tailored and effective healthcare strategies 
for patients with this condition in diverse settings. The regional 
nature of our sample may limit the generalizability of our findings 
to the broader population of patients with this condition, in 
addition to potential concerns about sample size. The rarity of 
Graves’ disease could introduce selection bias. Further research 
using larger and more diverse cohorts is needed to validate our 
results. There is no health control group to compare the Graves’ 
HRQOL to that of a healthy population. It would also 
be interesting to follow up on these patients to see how effective 
the medical treatment is.

5 Conclusion

In conclusion, this study highlights significant disparities in the 
clinical and quality of life aspects of Graves’ disease between rural and 
urban patients in India. The findings underscore the urgent need for 
improved healthcare infrastructure and awareness programs in rural 
centers, as well as the importance of addressing smoking as a potential 
risk factor.
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