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Abstract
Background
The prevalence of type 2 diabetes mellitus (T2DM) and obesity is alarmingly increasing with the accessibility
of the modern lifestyle. This study aimed to assess the association of obesity with T2DM among the patients
visiting the Medicine Department of Ayub Teaching Hospital, Abbottabad, Pakistan.

Method
This hospital-based, unmatched case-control study was conducted from March 2022 to September 2022. A
total of 200 patients (age ≥ 18) (100 cases and 100 controls) were recruited. Those patients with a history of
T2DM were selected as cases, and those without diabetes were selected as controls after taking informed
written consent. Patients with BMI ≥ 25 were considered obese. Data were collected through a non-
probability convenience sampling technique using a self-structured non-validated questionnaire. Data were
organized and analyzed through IBM SPSS Statistics for Windows, version 26.0 (IBM Corp., Armonk, NY).

Results
We found a significant positive association of obesity with T2DM with a crude odds ratio of 3.6 (95% CI: 2.0-
6.6), a p-value of 0.000, and an adjusted odd ratio of 3.7 (95% CI: 1.9 - 7.1), with a p-value of 0.004 (adjusted
for potential confounders, including gender, age group, stress, and status of physical activeness) using a
logistic regression model.

Conclusion
It is concluded that obesity is strongly associated with developing T2DM and lack of physical activity,
people over 45 years, and males with obesity have a higher chance of developing T2DM.

Categories: Preventive Medicine, Epidemiology/Public Health, Internal Medicine
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Introduction
Type 2 diabetes mellitus (T2DM) is a major “modern preventable pandemic” with a multifactorial impact on
public health and the global economy [1]. It is alarmingly increasing with the convenience of modern life,
lack of physical activity, poor diet, and most importantly, the increasing prevalence of obesity. Worldwide,
its prevalence in the adult population, as estimated by the International Diabetes Federation (IDF) in 2021,
is about 537 million (10.5%) compared to 108 million in 1980. It is estimated that diabetes contributed to 6.7
million (12.2%) deaths globally in 2021, according to the IDF, as compared to 1.5 million deaths in 2019,
according to the WHO [2,3]. In Pakistan, diabetes cases are significantly increasing, as the national
prevalence estimated by IDF in 2021 is 33 million (30.8%), which is a 70% increase since 2019 [2,4]. Globally,
Pakistan ranked the 1st country with the most prevalence of diabetes mellitus and 4th among the countries
with the most significant number of the adult diabetic population [2,4]. Although no current data are
available in the Khyber Pakhtunkhwa (KPK) province, according to a study in 2016, 9.2% of males and
11.60% of females have diabetes [5].

Obesity is the well-established modifiable risk factor for T2DM, and unfortunately, it is also a modern
pandemic with about 1.9 billion of the entire population of the world being overweight; among them, more
than 0.6 billion are obese [6]. In Pakistan, about 20-30% of the adult population are overweight, and about 5-

9% of them are obese with the standard cutoff of BMI ≥ 30 kg/m2 [7-9]. KPK has the highest prevalence
among other provinces with 41% overweight and 14% obese adult population [8].

T2DM is caused by chronic decreasing tissue insulin sensitivity, known as insulin resistance, combined with
reduced synthesis of insulin due to the loss of insulin-producing pancreatic beta cells resulting in
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hyperglycemia. In most cases (about 60-90%) of insulin-resistant types of disease, obesity invariably
presents [10,11]. Due to this strong relationship, diabesity has been coined to represent their
interdependence [12]. As body weight or intra-abdominal fat increases, body tissues gradually develop
insulin resistance even without the disease. Earlier in the disease, patients present with increased thirst,
urination, and delayed wound healing. Prolonged periods of hyperglycemia cause damage to various organs,
especially microvascular, resulting in retinopathy, peripheral neuropathy, and nephropathy. Macrovascular
involvement increases the risk of cardiovascular diseases and cerebrovascular accidents [13].

Earlier studies [14,15] suggest that weight loss and lifestyle modifications improve insulin sensitivity and
mitigate the disease progression. However, the real problem in its prevention is the late presentation with
complications. It looks crucial to evaluate the association with different comorbid conditions, especially
obesity, to identify the individuals at high risk in the local populations. Until now, few or no such study is
conducted in the KPK province, especially in the city of Abbottabad, to know the association between the
two comorbid conditions in the local population. Our study aimed to assess the association of T2DM with its
most substantial risk factor, i.e., obesity, through a case-control study method, in patients visiting the
Medicine Department of Ayub Teaching Hospital, Abbottabad.

Materials And Methods
Study design, setting, and sampling
A hospital-based, un-matched case-control study method was designed and conducted in the largest tertiary
care hospital of the Hazara Division, Ayub Teaching Hospital (ATH), Abbottabad. Patients with a history of
T2DM and/or on anti-diabetic medication were selected as cases, and an equal number of patients without
diabetes were selected as controls (1:1). Two hundred eligible and willing patients, 100 cases and 100
controls, were recruited in this study. Data (primary) were collected through a non-probability convenience
sampling technique, using a self-structured non-validated questionnaire after obtaining informed written
consent from the participants. Body mass index (BMI) was used as the index of obesity. Patients with BMI <
18.5 kg/m2 were considered underweight, between 18.5 and 22.9 kg/m2 as normal weight, between 23 and
24.9 kg/m2 as overweight, ≥25 to 29.9 kg/m2 as obese I, and ≥30 kg/m2 were considered obese II (WHO’s
Asian cutoff value). Male and female participants aged ≥ 18 years and without any weight-losing surgery
were included. Participants with a history of type 1 diabetes mellitus, under 18 years, and pregnant females
were excluded. Participants with any kind of physical activity ≥ 30 minutes at least three times a week were
considered physically active, otherwise physically inactive. The study was conducted from March 2022 to
September 2022.

Data collection
Data were collected from the participants through face-to-face interviews and from their past medical
reports by the investigators themselves. Essential demographic data (like gender, age, marital status, level of
education, and occupation), lifestyle (physical activeness, body weight maintenance, daily work hours, deity
preference, and daily meals), and anthropometric data (weight, height, and BMI) were obtained by self-
structured questionnaire. Participants were selected as case or control after asking about a history of
diabetes and/or on medication. Exposure to obesity was investigated by asking patients about their weight
and height, history of weight gained or lost before, and also investigating their past medical reports. Weight
(nearest to 1 kg) and height (nearest to 1 cm) were also measured during the data collection by a self-made
stadiometer and weight scale.

Data analysis
Data were entered, organized, and analyzed in IBM SPSS Statistics for Windows, version 26.0 (IBM Corp.,
Armonk, NY). The continuous variables, like age, were reported in means plus standard deviation (SD), and
the categorical variables were represented in frequencies with percentages. Essential demographic
characteristics, lifestyle behaviors, and anthropometric data of cases and controls were compared using
independent samples t-test and chi-square (X2) test for continuous and categorical variables, respectively.
The association of obesity with T2DM was assessed first by estimating the crude odds ratio (OR) with 95%
CI. Then we stratified data into gender (male and female), age group (up to 45 years and above 45 years),
and status of physical activeness (physically active and lack of physical activity) and estimated odd ratios.
Secondly, we estimated the adjusted odd ratio using a binary logistic regression model that adjusted the odd
ratio for the possible confounders - gender, age group, and status of physical activeness. We also estimated
the odd ratios for different categories of BMI by using a multivariate logistic regression model, which was
also adjusted for gender, age group, and physical activity status. All the analytical tests were two-tailed, and
all p-values less than 0.05 were accepted as significant.

Results
Data from all 200 participants were included in the final analysis; among them, 98 (49%) were male and 102
(51%) were female. A total of 74% of the cases and 44% of controls were obese with BMI ≥ 25 kg/m2. Among
the obese, 62.7% (74 out of 118 patients) had diabetes. The basic demographic characteristics, lifestyle
behaviors, and anthropometric data of cases and controls, as shown in Table 1, were compared, and it was
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found that cases were more likely higher in age (mean ± SD age: 53.25 ± 11.8 in the case group vs. 41.46 ±
14.8 in the control group; p-value = 0.000) and had higher body mass index (mean ± SD BMI: 27.44 ± 4.3 in
the case group vs. 24.19 ± 4.3 in the control group; p-value = 0.000). Patients in the case group were also
mostly illiterate, aged above 45 years, had a BMI above 25 kg/m2, and had a lack of physical activity
compared with those in the control group, with all p-values < 0.003.

Variables
Cases (with diabetes), N (%) = 100
(100%)

Controls (without diabetes), N (%) = 100
(100%)

P-
value

Gender, N (%)
Male 46 (46%) 52 (52%)

0.396
Female 54 (54%) 48 (48%)

Age (means ± SD)  53.25 ± 11.8 41.46 ± 14.8 0.000

Age group, N (%)
Up to 45 years 29 (29%) 62 (62%)

0.000
Above 45 years 71 (71%) 38 (38%)

Educational status, N (%)

Illiterate 54 (54%) 35 (35%)

0.000Up to 10th grade 35 (35%) 37 (37%)

Above 10th grade 11 (11%) 28 (28%)

BMI (means ± SD kg/m2)  27.44 ± 4.3 24.19 ± 4.3 0.000

Obesity (BMI ≥ 25 kg/m2)
Obese (≥ 25) 74 (74%) 44 (44%)

0.000
Non-obese (< 25) 26 (26%) 56 (56%)

BMI category, N (%)

<18.5 kg/m2 2 (2%) 10 (10%)

0.000

18.5-22.9 kg/m2 13 (13%) 28 (28%)

23-24.9 kg/m2 11 (11%) 19 (19%)

25-29.9 kg/m2 59 (59%) 39 (39%)

30 kg/m2 & above 15 (15%) 4 (4%)

Status of physical activity, N
(%)

Physically active 29 (29%) 52 (52%)

0.001Lack of physical
activity

71 (71%) 48 (48%)

Stress in life, N (%)
Yes 46 (46%) 42 (42%)

0.526
No 53 (53%) 58 (58%)

TABLE 1: Essential demographic characteristics, lifestyle behaviors, and anthropometric
measures of cases and control groups.
P-values are calculated using t-tests for quantitative variables and the chi-square test (X2) for categorical variables.

On crude analysis, as displayed in Table 2, we found a significant positive association with a crude odds ratio
(COR) of 3.6 (95% CI: 2.0-6.6), with a p-value of 0.000. Further, we stratified data in genders (male and
female), age groups (up to 45 years and above 45 years), and status of physical activeness (physically active
and lack of physical activity) to observe their potentially confounding effects and estimated the COR, i.e.,
5.5 (95% CI: 2.3-13.3) for males, 2.6 (95% CI: 1.1-5.9) for females, 3.6 (95% CI: 1.3-9.6) for ages up to 45
years, 4.5 (95% CI: 2.0-10.7) for age above 45 years, and 5.2 (95% CI: 2.3-11.7) for lack of physical activity
group, with all p-values < 0.021.

2024 Ali et al. Cureus 16(1): e52728. DOI 10.7759/cureus.52728 3 of 7

javascript:void(0)


Variables
Analysis with crude odds ratio (COR) Analysis with adjusted odds ratio (AOR)a

COR (with 95% CI) P-value AOR (with 95% CI) P-value

Obesity (≥25 kg/m2) 3.6 (2.0-6.6) 0.000 3.7 (1.9-7.1) 0.000

On stratification   

Gender
Male 5.5 (2.3-13.3) 0.000 1.2 (0.6-2.3)

0.547
Female 2.6 (1.1-5.9) 0.021 Reference

Age group
Up to 45 years 3.6 (1.3-9.6) 0.009 Reference

0.000
Above 45 years 4.6 (2.0-10.7) 0.000 3.9 (2.1-7.6)

Status of physical activity
Physically active 2.1 (0.8-5.3) 0.113 Reference

0.033
Physically inactive 5.2 (2.3-11.7) 0.000 2.0 (1.1-3.9)

TABLE 2: Crude analysis, stratifying, and adjusted analysis using a multivariate logistic
regression model to assess the association of obesity with type 2 diabetes mellitus.
a: Adjusted for gender, age group, and status of physical activeness by using a multivariate logistic regression model.

As displayed in Table 2, we also performed an adjusted analysis by using a multivariate logistic regression
model that adjusted for gender, age group, and status of physical activeness and found an adjusted odd ratio
of 3.7 (95% CI: 1.9-7.1), with a p-value of 0.000.

Furthermore, we also assessed the association with different BMI categories with normal weight category
(BMI: 18.5-22.9 kg/m2) as a reference variable using a multivariate logistic regression model and found that
the association is even stronger over higher BMI categories, with the adjusted odds ratio of 3.2 (95% CI: 1.4-
7.4) in obese I category (BMI: 25-29.9 kg/m2), with a p-value of 0.007, and that of 8.8 (95% CI: 2.2-34.7) in
obese II category (BMI: 30 kg/m2 or above), with a p-value of 0.000, as shown in Table 3.
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Variables
Analysis with crude odds ratio (COR) Analysis with adjusted odds ratio (AOR)a

COR (with 95% CI) P-value AOR (with 95% CI) P-value

BMI category (kg/m2)

Normal weight (18.5-22.9) Reference

Underweight (<18.5) 0.4 (0.1-2.3) 0.318 0.7 (0.1-3.8) 0.641

Overweight (23-24.9) 1.2 (0.5-3.4) 0.663 1.0 (0.3-2.8) 0.964

Obese I (25-29.9) 3.3 (1.5-7.1) 0.003 3.2 (1.4-7.4) 0.007

Obese II (30 or above) 8.1 (2.2-29.2) 0.001 8.8 (2.2-34.7) 0.002

Gender
Male 0.8 (0.4-1.4) 0.396 0.8 (0.4-1.5) 0.457

Female Reference

Age group
Up to 45 years Reference

Above 45 years 3.9 (2.2-7.2 0.000 4.0 (2.1-7.9) 0.000

Status of physical activeness
Active Reference

Inactive 2.6 (1.5-4.8) 0.001 1.98 (1.03-3.82) 0.041

TABLE 3: The association of different BMI categories, gender, age group, and physical activity
status with type 2 diabetes mellitus.
a: Adjusted for gender, age group, and status of physical activeness by using a multivariate logistic regression model.

Discussion
Our study found a positive statistically significant association of obesity with T2DM with an adjusted odds
ratio of 3.7 after adjusting for gender, age group, and status of physical activity. We also observed
statistically significant increasing odds ratios for T2DM with increasing levels of BMI category, with an
adjusted odds ratio of 3.2 in the obese I category and 8.1 in the obese II category.

These results are consistent with past studies conducted in other parts of the world that assessed the
association of BMI with T2DM. For instance, in a large case-control study conducted on the US population
using data from an electronic health records system, a statistically significant association of body mass
index with T2DM was found, with adjusted odds ratios of 1.6 (95% CI: 1.5-1.8) in overweight, 3.2 (95% CI:
2.9-3.5) in obesity I category, and 5.8 (95% CI: 5.3-6.5) in obesity II category, increasing odds ratios with
higher levels of BMI [16]. There is a slightly different result in our study and the odds ratio of 1.3 in the
overweight category is statistically not significant and should be interpreted with our limited sample
compared with the large sample (37,356) in the US population study, and may also be due to the WHO Asian
cutoff BMI ≥ 25 in our study.

A meta-analysis conducted at the School of Public Health and Preventive Medicine, Monash University,
Australia, using 18 cohort studies from different regions (eight from the USA, five from Europe, and five from
Asia-Pacific regions) estimated the relative risk for the development of type 2 diabetes in overweight and
obese adults in various populations with a total sample of 590,251 adult individuals. Most of the studies
included in that meta-analysis used a BMI cut-off point of 23 kg/m2, and few used the cut-off point of 25
kg/m2 for overweight and obesity. The study also found a positive association with the overall adjusted RRs
of 7.28 for T2DM with obesity and 2.99 for overweight as compared to individuals with normal body weight
(BMI = 18-24.9 kg/m2) [17]. Similarly, a sub-analysis of the US national survey (1999-2006) found 80.3% of
type 2 diabetic patients were overweight or higher with BMI ≥ 25 and also noted that the prevalence of
diabetes increased with the increasing body weight as 8% of the diabetics were found with normal body
weight (BMI < 25), 15% with overweight, 23% with class 1 obesity, 33% with class 2 obesity, and 43% with
class 3 obesity (BMI ≥ 40) [18]. A population-based cohort study in China also found that there was a 23%
increased risk of T2DM development with each kg/m2 increase in BMI and also noted a linear relationship
of obesity (BMI) with the risk of T2DM development in all age groups, which was stronger in younger age
[19].

Although our study results are consistent with those in other parts of the world, it does not support the sub-
analysis of the second National Diabetic Survey of Pakistan, conducted in 2017. It was noted in the sub-
analysis that there was a higher rate of T2DM in the normal BMI group and concluded that the association
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of BMI ≥ 25 with T2DM was much less than in other parts of the world [20].

It is necessary to note that our study has a few limitations. Although we adjusted the odds ratio for gender,
age group, and physical activity status, we did not include the family history of T2DM in our study. Also, we
adjusted the OR but did not match the cases and controls over demographic and other characteristics.
Furthermore, it is crucial to highlight that our study findings should be interpreted in light of the relatively
small sample size, which may impact their generalizability.

Conclusions
Our study concluded that obesity is strongly associated with developing T2DM, especially in higher body
mass index categories. The association remained highly significant after adjustment for gender, age group,
and status of physical activity. However, to declare obesity is a cause of T2DM, a temporality issue along
with other criteria needs investigation. Furthermore, lack of physical activity and age over 45 years are also
independently associated with T2DM. These findings highlight obesity, lack of physical activity, and age
over 45 years as potential risk factors for T2DM. It also emphasizes the need for interventions targeted to
prevent and manage obesity to reduce the risk of T2DM. Also, it highlights the importance of physical
activity in mitigating the disease risk.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Institutional Medical &
Ethics Review Committee (MTI, Abbottabad) issued approval RC-EA-2023/106. Animal subjects: All authors
have confirmed that this study did not involve animal subjects or tissue. 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.

Acknowledgements
We would like to express our sincere gratitude to our Supervisor Assist. Prof. Dr. Rizwana Hussain for the
continuous support of our research work, taking us through the whole project step by step, and providing
valuable feedback and suggestions. Besides our supervisor, we are also very much thankful to our teacher,
Biostatistician Prof. Dr. Salim Wazir for his support and assistance in the data analysis process. We are also
greatly thankful to the whole Community Medicine Department of Ayub Medical College for giving us a great
opportunity for research work with proper supervision and authentic guidelines.

References
1. Singer ME, Dorrance KA, Oxenreiter MM, Yan KR, Close KL: The type 2 diabetes 'modern preventable

pandemic' and replicable lessons from the COVID-19 crisis. Prev Med Rep. 2022, 25:101636.
10.1016/j.pmedr.2021.101636

2. International Diabetes Federation: IDF Diabetes Atlas. Tenth Edition . International Diabetes Federation,
Brussels, Belgium; 2021.

3. WHO. Diabetes. (2021). Accessed: April 23, 2022: https://www.who.int/news-room/fact-
sheets/detail/diabetes.

4. International Diabetes Federation. (2022). Accessed: April 23, 2022: https://idf.org/.
5. Meo SA, Zia I, Bukhari IA, Arain SA: Type 2 diabetes mellitus in Pakistan: current prevalence and future

forecast. J Pak Med Assoc. 2016, 66:1637-42.
6. WHO. Obesity and overweight. (2021). Accessed: April 23, 2022: https://www.who.int/news-room/fact-

sheets/detail/obesity-and-overweight.
7. Hasan F, Hasan B: Is obesity endemic to Pakistan? . J Pak Med Assoc. 2017, 67:1641.
8. Prevalence and determinants of overweight and obesity among adults in Pakistan . (2015). Accessed: April

26, 2022: https://www.pide.org.pk/pdf/cphsp/PIDE-CPHSP-2.pdf.
9. Asif M, Aslam M, Altaf S, Atif S, Majid A: Prevalence and sociodemographic factors of overweight and

obesity among Pakistani adults. J Obes Metab Syndr. 2020, 29:58-66. 10.7570/jomes19039
10. Mahler RJ, Adler ML: Type 2 diabetes mellitus: update on diagnosis, pathophysiology, and treatment . J Clin

Endocrinol Metab. 1999, 84:1165-71. 10.1210/jcem.84.4.5612
11. Siddiqui S: Obesity and diabetes: interrelationship. Adv Obes Weight Manag Control. 2018, 8:155-8.

10.15406/aowmc.2018.08.00233
12. Golay A, Ybarra J: Link between obesity and type 2 diabetes . Best Pract Res Clin Endocrinol Metab. 2005,

19:649-63. 10.1016/j.beem.2005.07.010
13. LeRoith D, Biessels GJ, Braithwaite SS, et al.: Treatment of diabetes in older adults: an Endocrine Society

clinical practice guideline. J Clin Endocrinol Metab. 2019, 104:1520-74. 10.1210/jc.2019-00198
14. Clamp LD, Hume DJ, Lambert EV, Kroff J: Enhanced insulin sensitivity in successful, long-term weight loss

maintainers compared with matched controls with no weight loss history. Nutr Diabetes. 2017, 7:e282.
10.1038/nutd.2017.31

2024 Ali et al. Cureus 16(1): e52728. DOI 10.7759/cureus.52728 6 of 7

javascript:void(0)
https://dx.doi.org/10.1016/j.pmedr.2021.101636?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.pmedr.2021.101636?utm_medium=email&utm_source=transaction
https://diabetesatlas.org/atlas/tenth-edition/?utm_medium=email&utm_source=transaction
https://www.who.int/news-room/fact-sheets/detail/diabetes?utm_medium=email&utm_source=transaction
https://www.who.int/news-room/fact-sheets/detail/diabetes?utm_medium=email&utm_source=transaction
https://idf.org/?utm_medium=email&utm_source=transaction
https://idf.org/?utm_medium=email&utm_source=transaction
https://jpma.org.pk/article-details/8018?article_id=8018&utm_medium=email&utm_source=transaction
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight?utm_medium=email&utm_source=transaction
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight?utm_medium=email&utm_source=transaction
https://jpma.org.pk/article-details/8419?article_id=8419&utm_medium=email&utm_source=transaction
https://www.pide.org.pk/pdf/cphsp/PIDE-CPHSP-2.pdf?utm_medium=email&utm_source=transaction
https://www.pide.org.pk/pdf/cphsp/PIDE-CPHSP-2.pdf?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7570/jomes19039?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7570/jomes19039?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jcem.84.4.5612?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jcem.84.4.5612?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.15406/aowmc.2018.08.00233?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.15406/aowmc.2018.08.00233?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.beem.2005.07.010?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.beem.2005.07.010?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jc.2019-00198?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jc.2019-00198?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nutd.2017.31?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nutd.2017.31?utm_medium=email&utm_source=transaction


15. Gower BA, Weinsier RL, Jordan JM, Hunter GR, Desmond R: Effects of weight loss on changes in insulin
sensitivity and lipid concentrations in premenopausal African American and white women. Am J Clin Nutr.
2002, 76:923-7. 10.1093/ajcn/76.5.923

16. Ganz ML, Wintfeld N, Li Q, Alas V, Langer J, Hammer M: The association of body mass index with the risk of
type 2 diabetes: a case-control study nested in an electronic health records system in the United States.
Diabetol Metab Syndr. 2014, 6:50. 10.1186/1758-5996-6-50

17. Abdullah A, Peeters A, de Courten M, Stoelwinder J: The magnitude of association between overweight and
obesity and the risk of diabetes: a meta-analysis of prospective cohort studies. Diabetes Res Clin Pract. 2010,
89:309-19. 10.1016/j.diabres.2010.04.012

18. Nguyen NT, Nguyen XM, Lane J, Wang P: Relationship between obesity and diabetes in a US adult
population: findings from the National Health and Nutrition Examination Survey, 1999-2006. Obes Surg.
2011, 21:351-5. 10.1007/s11695-010-0335-4

19. Chen Y, Zhang XP, Yuan J, et al.: Association of body mass index and age with incident diabetes in Chinese
adults: a population-based cohort study. BMJ Open. 2018, 8:e021768. 10.1136/bmjopen-2018-021768

20. Aamir AH, Ul-Haq Z, Fazid S, et al.: Type 2 diabetes prevalence in Pakistan: what is driving this? Clues from
subgroup analysis of normal weight individuals in diabetes prevalence survey of Pakistan. Cardiovasc
Endocrinol Metab. 2020, 9:159-64. 10.1097/XCE.0000000000000212

2024 Ali et al. Cureus 16(1): e52728. DOI 10.7759/cureus.52728 7 of 7

https://dx.doi.org/10.1093/ajcn/76.5.923?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/ajcn/76.5.923?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/1758-5996-6-50?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/1758-5996-6-50?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.diabres.2010.04.012?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.diabres.2010.04.012?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s11695-010-0335-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s11695-010-0335-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmjopen-2018-021768?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmjopen-2018-021768?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/XCE.0000000000000212?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/XCE.0000000000000212?utm_medium=email&utm_source=transaction

	Association of Obesity With Type 2 Diabetes Mellitus: A Hospital-Based Unmatched Case-Control Study
	Abstract
	Background
	Method
	Results
	Conclusion

	Introduction
	Materials And Methods
	Study design, setting, and sampling
	Data collection
	Data analysis

	Results
	TABLE 1: Essential demographic characteristics, lifestyle behaviors, and anthropometric measures of cases and control groups.
	TABLE 2: Crude analysis, stratifying, and adjusted analysis using a multivariate logistic regression model to assess the association of obesity with type 2 diabetes mellitus.
	TABLE 3: The association of different BMI categories, gender, age group, and physical activity status with type 2 diabetes mellitus.

	Discussion
	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


