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Introduction
Obesity has been identified as a major causative factor for the insulin resistance and diabetes (Wellen 

et al. 2005).  There has also been a marked increase in obesity (defined as a body mass index of greater 
than 30 kg/m2) among children as well as among the adults all over the world (Rocchini 2002).  Blood 
glucose (BG) or blood sugar is the main sugar found in the blood. It comes from the food we eat. Our 
body blood carries glucose to all of the cells for use as energy. Diabetes is a disease in which the blood 
sugar level is too high than the normal. Over time, having too much glucose in the blood can cause serious 
health problems. Diabetes is one of the major health problems affecting large number of individuals and 
has reached epidemic proportion worldwide. The World Health Organisation (WHO) has projected 
that around 300 million people will suffer from diabetes by 2025. Among the well-known risk factors 
of diabetes one of the most important and major risk factors is obesity. Developed and developing 
countries, alike, are experiencing a sharp rise in the incidence of obesity-linked type-2 diabetes (Hossain 
et al. 2007). Around 60-90% of all patients with type 2 diabetes are obese. The increasing incidence of 
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diabetes can thus be attributed to the global epidemic of obesity. The obesity in patients with type 2 
diabetes is very common and is often termed as “Diabesity” Sedentary lifestyle and changing food habits 
could be the main reasons for continuously increasing incidence of obesity and diabetes both in the 
urban as well as the rural areas in India. The rising prevalence of these two diseases is of concern as they 
may act as major factors for other fatal conditions like coronary artery disease (CAD) (Siddiqui 2018).

Diabetes Mellitus is associated with obesity and earlier findings indicates that they often appear 
together (Ahmad et al. 2011; Yemane et al. 2007). However, this situation can be prevented through 
reasonable lifestyle changes to a large extent. The subsequent Indian economic reforms (1991) triggered 
an overwhelming change in the quantitative and qualitative changes in many lifestyle factors of Indians 
(Murty 2003). For example, increase intake of unhealthy foods and reduction in the physical activity 
level may lead to an increase in the prevalence of obesity and its co-morbidities (Hu. Frank 2011).

We try to explore the role of obesity and lifestyle indicators in the etiology of Diabetes Mellitus.

Materials and methods
The Tangkhuls are among the indigenous and recognized scheduled tribes of Manipur, inhabiting 

mainly in Ukhrul and Kamjong districts of the northeastern state of Manipur. The total population 
of Tangkhuls in Ukhrul district, according to the 2011 census report, was 1,83,998  individuals, of 
which 94,718 were male, and 89280 were females. The Tangkhuls belong to the Mongolian race, and 
linguistically, they belong to a large language family called Sino-Tibetan, within that family to the sub-
family Tibeto-Burman. A total of 350 Tangkhul males aged ranging from 20-80 years were gathered 
from 9 different villages of the Ukhrul district. The sample size was determined at 95% CI with an error 
of ±5 (Lemeshow and Lwanga 1991). Anthropometric measurements viz., Height, weight needed for 
BMI calculation, triceps skinfold, sub-scapular skinfold, supra-illiac skinfold, abdominal skinfold, thigh 
skinfold, and calf skinfold needed for fat mass calculation were measured following Singh and Basin 
(2004). The institutional ethics committee has reviewed and accepted the methods. BMI classification was 
done using the WHO classification for the Asian population (WHO  2003). BMI values of 23.0-27.5 were 
defined as overweight, and BMI value >27.5 as obese. Fat mass was calculated using the Drinkwater and 
Ross (1980) tactic for the estimation of fractional body masses. Further, for each individual, we examined 
the random blood sugar levels by adopting the capillary finger prick method with the Accu-Chek Meter. 
The test can be performed quickly and is thus used in the diagnosis of diabetes when time is of the essence 
(Blood sugar level 2019). Individuals whose blood sugar levels were >200 mg/dl were considered diabetic.

Physical activity pattern was classified as physically active with moderate and vigorous-intensity- 
activity achieving at least 600 MET minutes, and physically inactive who did not meet the criteria 
mentioned above (WHO 2005; Bull et al. 2009). While assessing the anxiety disorder, the GAD-7 
(Generalized Anxiety Disorder) questionnaire was adopted (Spitzer et al. 1999). In the present study, 
alcoholic is defined as those individuals who consumed alcohol daily, i.e., for men, more than four 
(4) drinks on any day or more than fourteen (14) drinks per week (NIAAA 2010). The red meat 
consumption was ascertained by the question of whether meats like beef, pork, veal, and mutton are 
included in their diet. The consumption pattern was classified as daily/alternate day, once a week/
fortnightly, and once a month/rarely.

Statistical analysis:
Descriptive statistics were performed to find out the percentage, mean, and standard deviation. Logistic 

regression analysis was carried out to estimate odd ratios (OR) 95% confidence intervals (CI) by considering 
diabetes mellitus as a dependent variable. A P-value of 0.05 was considered significant. The entire data were 
analyzed using Statistical Package for social sciences Version 20.0. (IBM Corp., Armonk, N.Y., USA). 
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Results
Table 1 shows that 50.85% of the rural Tangkhul have normal BMI, and 21.43% are underweight. 

Meanwhile, 25.14% constitute the overweight category, and 2.57% constitute the obese category. 
Further, 4.3% of the population is diagnosed with diabetes mellitus. For the lifestyle indicators, 7.14% 
are alcoholics, while 14% have anxiety disorder. The population also shows a higher prevalence of 
physically active individuals (55.14%) as compared to the physically inactive (44.86%). The red meat 
consumption pattern shows that the majority of the population consumes red meat weekly/fortnightly 
(53.43%), followed by monthly/rarely (27.43%) and daily/alternate days (19.14%) consumers.

The mean distribution in Table 2 shows that diabetic individuals have a higher mean of weight 
(64.53±7.07), BMI (24.03±2.09), fat mass (9.74±1.69), and FMI (3.77±0.53) in comparison with the 
non-diabetic counterpart. However, for the variable height, the non-diabetic participants were taller 
(164.08±5.11) than their diabetic counterparts.

Table 3 depicts the impact of predictor variables on diabetes mellitus in terms of odds ratios. With 
BMI as a predictor variable, the odd ratio analysis shows a greater risk of diabetes among overweight and 
obese individuals. Overweight and obese are 13.6 times at higher risk of developing diabetes mellitus, 
while underweight has a 0.98 times lower risk of having diabetes. Alcoholic individuals were 5.43 times 
more likely to have diabetes than non-alcoholic individuals in the population. Further, individuals who 
were less engaged in physical activity were 5.23 times more at risk of developing diabetes compared to 
active individuals. Individuals with anxiety disorder were 4.42 times more likely to be diabetic than those 
without anxiety. Taking weekly/fortnightly meat consumption as a reference group, daily/alternate days 
meat consumers were 4.09 times more at risk of diabetes, while individuals consuming meat once a 
month/rarely were 0.31 times less at risk of being diabetic.

Discussion
The present study investigates the role of obesity and lifestyle indicators such as physical activity, 

alcohol consumption, and others resulting in diabetes. In the present study, the prevalence of diabetes 
mellitus was 4.2%. The finding is comparable to the International Diabetes Federation Atlas-projected 
estimate of diabetes mellitus for Ethiopia (5.2%) and Bishoftu town, where a 5% prevalence of diabetes 
mellitus was detected (Megerssa et al. 2013). Moreover, the result is much closer to studies done in 
Gilgel Gibe (4.4%) (Seifu et al. 2015). 

In this study, BMI has been chosen as the primary outcome since it gives a promptly accessible 
estimation of adiposity that is similar across nations. The nutritional status in this study was assessed, 
considering the BMI cut-off points recommended for the Asia population (WHO, 2003). The WHO 
recommended a lower standard BMI limit since obesity-related risk occurs at lower BMI levels in the 
Asian population compared to other ethnicities. The prevalence of overweight (including obesity) in the 
present study was 27.71%. These frequencies were 27.9% in rural adult males, respectively, as reported 
by NFHS-5 of Manipur (National Family Health Survey, 2019-20). However, NHFS-5 adopted the 
international BMI cut-off, which suggests that the prevalence of overweight and obese among the 
Tangkhul is much lower than the state’s prevalence. 

Our study also showed that diabetic individuals have a higher mean weight (64.53±7.07), BMI 
(24.03±2.09), fat mass (9.74±1.69), and FMI (3.77±0.53) in comparison with the non-diabetic 
counterpart. Various studies indicate a direct linear relationship between weight and high blood sugar, 
and the relative risk of diabetes increases with BMI. For every kilogram of weight gained yearly over ten 
years, the risk of developing diabetes will increase by 49% in the following ten years. Conversely, for every 
kilogram of body weight lost in the past ten years, the risk of developing diabetes will be reduced by 33% 
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in the following ten years (Resnick et al. 2000). Body mass index is closely related to insulin resistance; 
in overweight and obese individuals, insulin resistance increases (Kasuga 2006). A study conducted in 
a diabetic clinic at a university hospital showed a statistically significant higher BMI in diabetic patients 
compared to non-diabetic (Saiem et al. 2010).

Physical inactivity is the main modifiable risk factor for obesity and diabetes mellitus. The benefits of 
physical activity cannot be underestimated. It helps control weight, lower blood pressure, lower harmful 
LDL cholesterol and triglycerides, increase healthy HDL cholesterol and improve your overall health. 
Physical exercise is an additional benefit for diabetic patients. Exercise can lower blood sugar levels and 
increase the body’s sensitivity to insulin, thereby resisting insulin resistance. Lack of exercise mainly 
interacts with obesity to cause diabetes, rather than its independent effect, which makes increasing 
physical activity more important (The importance of exercise, 2017). In the present study, the odd 
ratio calculation shows that physically inactive individuals are 5.23 times more likely to be diabetic 
than physically active individuals. Moreover, some studies show that physical inactivity accelerates the 
pathogenesis of diabetes and leads to excess morbidity and mortality (LaMonte 2005). While other 
studies demonstrated that regular physical activity could effectively improve blood glucose control and 
reduce the complication of diabetes (Umpierre et al. 2011). 

Alcohol is full of empty calories and often leads to unhealthy eating patterns, which can lead to 
obesity- a major risk factor for diabetes. Alcohol may also interfere with the insulin sensitivity of an 
individual, which can play a role in the onset of diabetes mellitus as well. The National Survey on Drug 
Use and Health (NSDUH) reports around 15 million adults in America struggled with addiction to 
alcohol in 2016; one of the side effects of alcoholism was chronic pancreatitis, which can also trigger 
diabetes mellitus (Alcohol use 2020). In the present study, it was observed that alcoholics were 5.43 
times more likely to have diabetes than non-alcoholics. 

Anxiety was another factor, and individuals with anxiety problems had a 4.42 times higher risk of 
developing diabetes than individuals without anxiety. Anxiety occurs when the body releases hormones. 
These hormones trigger narrowing blood vessels causing high blood sugar. Engum (2007) found that 
individuals with anxiety symptoms have an increased risk of high blood sugar.

Using the pattern of red meat consumption as a predictor variable for diabetes mellitus, the 
multivariate logistic regression analysis showed that all those individuals who included red meat daily/
alternate day in their diet are 4.09 times more likely to have diabetes as compared with those individuals 
who consume red meat once a week/fortnightly. While those individuals consuming red meat once a 
month/rarely are 0.31 times less likely to be diabetic than individuals consuming red meat once a week/
fortnightly. Thus our study showed that increased consumption of red meat is associated with increased 
risks of diabetes. Our daily diet has continuously demonstrated its significance in health and wellness. 
Several dietary studies have shown that adopting western dietary patterns, characterized by a high intake 
of red meat, is associated with a substantially increased risk for diabetes globally (Chen et al. 2014). 
Further, a study out of Harvard University found that people who take a single serving of red meat each 
day had a 19% higher risk of getting diabetes than those who didn’t (Pan et al. 2011). Dietary studies 
and many other research studies have made it clear that some components in red meat significantly 
contribute to the pathology of diabetes mellitus.

In the multivariable analysis, odds ratio calculation showed that BMI is a significant predictor of 
diabetes mellitus. Overweight and obese participants were 13.6 times more likely to be diabetic than 
normal individuals. This complies with the results of other earlier studies (Ahmad et al. 2011 and Yemane 
et al. 2007). Thus in this study, multinomial logistic regression analysis determines that overweight and 
obesity are important determinants of diabetes mellitus among Tangkhul Naga males.
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Conclusion
The study concludes that obesity is associated with diabetes. The study also demonstrates all the 

modifiable lifestyle indicators and habits, more or less as a risk factors for diabetes among the Tangkhul 
population. Diabetes mellitus is a polygenic and progressive disorder; however, maintaining body fat 
through lifestyle modification and healthy eating habits will help lower the blood sugar level. Thus, 
effective health promotion and primary prevention at both individual and population levels are the 
need of the hour to curb the diabetes epidemic and reduce diabetes-related complications.
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Tables
Table 1: Prevalence distribution of obesity, diabetes and various lifestyle indicators

BMI

Underweight N (%) Normal N (%) Overweight N (%) Obese N (%) Total N (%)

75 (21.43) 178 (50.85) 88 (25.14) 09 (2.57) 350 (100)

Diabetes Mellitus

Diabetic N (%) Normal blood sugar N (%) Tota N (%)

15 (4.3) 335 (95.70) 350 (100)

Alcohol consumption

Alcoholic N (%) Non-alcoholic N (%) Total N (%)

25 (7.14) 325 (92.86) 350 (100)

Physical activity

Physically active N (%) Physically inactive N (%) Total N (%)

193 (55.14) 187 (44.86) 350 (100)

GAD (Generalized Anxiety Disorder)

With anxiety N (%) Without anxiety N (%) Total N (%)

49 (14) 301 (86) 350 (100)

Red Meat consumption pattern

Daily/Alternate days N (%) Weekly/Fortnightly N (%) Monthly/Rarely N (%) Total N (%)

67 (19.14) 187 (53.43) 96 (27.43) 350 (100)

Table 2: Mean distribution of anthropometric and body components among the diabetic and non-diabetic individuals

Variables Non-diabetic
(Mean ± SD)

Diabetic
 (Mean ± SD)

Height 164.08±5.11 160.51±5.43

Weight 57.08±7.95 64.53±7.07

BMI 21.19±2.79 24.03±2.09

Fat mass 7.90±1.91 9.74±1.69

FMI 2.93±0.68 3.77±0.53
Note: Height in cm, weight and fat mass in kg, BMI and FMI in kg/m2; FMI =Fat Mass Index.
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Table 3:  Univariate association of Diabetes Mellitus with obesity and lifestyle indicators among Tangkhuls of Manipur.

Variables Diabetes mellitus Total OR(95% CI)

BMI Yes No

Underweight 0 75 75 0.98(0.97-1.00)

Normal 02 176 178             1

Overweight and Obese 13 84 97 13.6(3.0-61.72)

Alcohol Yes No

Alcoholic 04 21 25 5.43(1.59-18.54)

Non-Alcoholic 11 314 325              1

Physical activity Yes No

Active 03 190 193                                           1 

Inactive 12 145 157 5.23(1.45-18.86)

Anxiety (GAD) Yes No

With GAD 06 43 49 4.42(1.50-13.03)

Without GAD 09 292 301             1

Meat consumption Yes No

Daily/Alternate days 08 59 67 4.09(1.36-12.27)

Weekly/Fortnightly 06 181 187            1

Once a month/Rarely 01 95 96 0.31(-0.03-2.67)
Note: Diabetes Mellitus as a dependent variable, ‘1’ is the reference category
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