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Obesity is an increasing public health concern across various populations in India, 
including indigenous communities. This study aims to assess the prevalence of obesity among 
Ahom women using Fat Mass Index (FMI), Percentage of Body Fat (%BF), and Body Mass 
Index (BMI), and to explore the associated socio-demographic factors. This community-based 
cross-sectional study was conducted among 410 Ahom women from selected rural and urban 
areas of Assam. Anthropometric data, including height and weight, were collected using 
standard procedures. Fat Mass, Fat-Free Mass, FMI, %BF, and BMI were calculated and 
categorised based on established cut-offs. Socio-demographic variables such as age, education, 
income, marital history, and residence were also recorded and analysed in relation to 
obesity status. The mean FMI, %BF, and BMI were 8.37 kg/m², 29.36%, and 24.08 kg/m², 
respectively. Obesity prevalence varied widely across indices: 10.25% by BMI, 22.68% by %BF, 
and 28.78% by FMI. Higher obesity rates were observed among older women, urban residents, 
those with higher education and income levels, and women with early marriages and multiple 
childbirths. BMI significantly underestimated adiposity compared to %BF and FMI.The study 
reveals that BMI alone is insufficient for accurately detecting obesity among Ahom women. 
Body composition measures such as FMI and %BF provide better insights into adiposity.

Introduction
Over the past few decades, the global prevalence of overweight and obesity has increased at an 

alarming rate (WHO, 2000). Between 1975 and 2016, global rates of overweight and obesity tripled, 
marking a significant public health concern (WHO, 2021). In 2016, approximately 39% of adults aged 
18 years and above were classified as overweight or obese (WHO, 2021). Projections indicate that by 
2030, the number of adults living with overweight and obesity globally may reach one billion (World 
Obesity Federation, 2022).

India, traditionally grappling with undernutrition, is now undergoing a significant epidemiological 
transition characterised by a sharp rise in overweight and obesity across its population. The National 
Family Health Survey-5 (NFHS-5, 2019–2021) reports that nearly one in four Indian adults is 
classified as overweight or obese. The prevalence varies widely across states and demographic groups, 
with proportions ranging from 8% to 50% among both men and women, in rural and urban settings. 
A comprehensive nationwide study by the Indian Council of Medical Research (ICMR), published in 
The Lancet Diabetes & Endocrinology (2023), estimated that among Indian adults aged over 20 years, 
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approximately one in three (35 crore) individuals exhibit abdominal obesity, one in four (25 crore) have 
generalised obesity, and one in five (21 crore) present with elevated blood cholesterol levels (India State-
Level Disease Burden Initiative Obesity Collaborators, 2023). Furthermore, projections indicate that 
by 2030, approximately 64 million individuals in India will be living with obesity alone, positioning the 
country third in global rankings after the United States and China (World Obesity Federation, 2022).

Due to the associated health risks, considerable efforts have been made to accurately quantify body 
fat at both individual and population levels (Stein & Colditz, 2004). Although body adiposity cannot 
be measured directly, several techniques, such as underwater weighing (UWW) (Segal et al., 1988), 
dual-energy X-ray absorptiometry (DEXA) (Lohman et al., 2000; Kontogianni et al., 2005), and 
bioelectrical impedance analysis (BIA), are considered accurate for assessing total body fat. However, 
these methods are often impractical for large-scale epidemiological studies due to their cost, complexity, 
and equipment requirements.

Body mass index (BMI) is widely used in clinical and field settings to classify individuals as overweight 
or obese (WHO, 2000). Despite its widespread use, BMI does not differentiate between lean mass and 
fat mass (Frankenfield et al., 2001; Stein & Colditz, 2004; Snijder et al., 2006; Peltz et al., 2007), limiting 
its precision in assessing true body composition.

Additionally, the distribution of body fat is a crucial predictor of health outcomes, including 
cardiovascular disease, metabolic disorders, certain cancers, and premature mortality (Zhang et al., 
2007; Zhu et al., 2003; Calling et al., 2006; van der Brandt & Goldbohm, 2006). There are notable sex-
specific patterns in fat distribution; women typically have more subcutaneous abdominal fat and less 
intra-abdominal (visceral) fat compared to men (Schreiner et al., 1996).

An alternative and potentially valuable index for field-based assessment of body adiposity is the Fat 
Mass Index (FMI), introduced by Van Itallie et al. (1990). FMI is calculated by dividing total fat mass by 
height squared, providing a direct index of fat mass adjusted for height. The assessment of Percentage 
Body Fat (%BF) also offers a direct and reliable measure of adiposity, overcoming the limitations of 
BMI, which cannot distinguish between fat mass and lean mass. This method is particularly useful in 
detecting hidden obesity, where individuals may have a normal BMI but elevated fat levels, and therefore 
remain undiagnosed through conventional screening (Deurenberg et al., 1998).

The present study aims to assess the prevalence of obesity among Ahom women of Assam, using 
Percent Body Fat (%BF), Fat Mass Index (FMI), and Body Mass Index (BMI) to evaluate body 
composition patterns in this population.

The Ahom community of Assam belongs to the broader Tai-Mongoloid ethnic group. Their origins 
can be traced to the Tai/Shan people who migrated from Yunnan Province, China, to the Brahmaputra 
Valley in 1228 AD under the leadership of Sukaphaa. Over the centuries, the Ahoms assimilated with 
various indigenous ethnic groups of Assam, resulting in an admixed population that shaped their 
distinct identity, culture, and traditions.

At present, Ahoms are predominantly settled in Upper Assam, especially in the districts of Sivasagar, 
Dibrugarh, Jorhat, Tinsukia, Lakhimpur, Dhemaji, Golaghat, and Sonitpur. In addition to these core 
areas, smaller pockets of Ahom populations are also found in districts such as Nagaon, Morigaon, 
Kamrup, and Karbi Anglong.

Materials and methods 
Area and Sample

The present study is a community-based cross-sectional investigation conducted among Ahom 
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women in three selected localities of Assam: (i) Bantow No. I village in Dhakuakhana Sub-Division, 
Lakhimpur District; (ii) Lilabari in North Lakhimpur Sub-Division, Lakhimpur District; and (iii) 
Rudreswar village in North Guwahati, Kamrup District. Bantow No. I represents a typical rural setting, 
while Lilabari and Rudreswar are characterised as semi-urban areas. All these localities are densely 
populated by members of the Ahom community. A total of 410 ever-married Ahom women from 
both rural and urban settlements were included in the study. The sample comprised 204 women from 
Dhakuakhana (rural), 132 from North Lakhimpur (urban), and 78 from North Guwahati (urban). 
Prior to participation, all women were informed of the purpose and nature of the study, and data 
were collected exclusively from those who voluntarily consented to participate. Pregnant women were 
excluded from the study.

Socio-demographic Information

A pre-designed survey schedule was used to collect socio-demographic information, including age, 
occupation, family income, educational attainment, family type, religion, and self-reported morbidity. 
Monthly family income was categorised into three groups: up to Rs. 5,000, Rs. 5,001 to 10,000, and Rs. 
10,001 and above. Self-reported morbidities during the preceding year were classified as acute illnesses 
(such as diarrhoea, dysentery, and various fevers) and chronic illnesses (symptoms persisting for more 
than one month or medically diagnosed conditions).

 Anthropometric measurements
Anthropometric measurements, including height and weight, were recorded using standard 

procedures (Singh & Bhasin, 2004). Obesity was assessed using three indices: Fat Mass Index (FMI), 
Body Mass Index (BMI), and Percentage of Body Fat (%BF). An FMI of ≥9.5 kg/m² was considered 
indicative of obesity (Kelly et al., 2009). BMI was classified as non-obese (≤30 kg/m²) and obese (≥30 
kg/m²) according to World Health Organization guidelines (WHO, 2000). A %BF of ≥35% was used as 
the cut-off for obesity based on established references (Deurenberg et al., 1998; De Lorenzo et al., 2003).

Indices
	‒ Fat Free Area (FFA) : (0.287 x Weight (kg) + (9.74 x height (meter2)) (Garrow and Webster, 1985)
	‒ Fat Mass (FM) : Weight (kg) - FFM (kg) (Garrow and Webster, 1985)
	‒ Fat Mass Index (FMI) : -8.657 + 0.682 (BMI) + 0.001 (BMI2) for women (Peltz, et al., 2010).
	‒ Body Mass Index (BMI) : Weight (kg) / height (meter2 )
	‒ Percentage of Body Fat (%BF) : [FM (kg) / body weight (kg)] × 100 (Heymsfield, et al., 2005)

Results
The anthropometric parameters measured among the Ahom women (Table 1) show that the mean 

height was 151.52 ± 8.43 cm, with values ranging from 115.8 cm to 171.0 cm. The mean body weight 
was 54.95 ± 9.93 kg, with a minimum of 34.0 kg and a maximum of 92.0 kg.

The mean Fat-Free Mass (FFM) was 38.20 ± 4.11 kg, ranging from 26.29 kg to 49.67 kg, indicating 
considerable variability in lean body mass within the sample. In contrast, Fat Mass (FM) had a mean of 
16.75 ± 6.94 kg, with a range from 1.55 kg to 42.58 kg, reflecting differences in adiposity levels among 
individuals.

For the Fat Mass Index (FMI), which standardises fat mass relative to height, the mean value was 8.37 
± 3.58 kg/m², with a range of 1.49 to 22.38 kg/m². The percentage of body fat (%BF) averaged 29.36 ± 
7.69%, with values ranging from 4.44% to 48.56%, suggesting a diverse body composition profile in the 
population.

The Body Mass Index (BMI) had a mean of 24.08 ± 4.87 kg/m², with the lowest value at 14.57 kg/m² 
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and the highest at 42.83 kg/m². This indicates that while most participants fall within the normal BMI 
range, a considerable proportion may be classified as underweight or obese based on BMI cut-off criteria.

The distribution of obesity among Ahom women (Table 2), as measured by Percentage of Body 
Fat (%BF), Fat Mass Index (FMI), and Body Mass Index (BMI), provides a nuanced view of body 
composition and the prevalence of adiposity in the studied population.

Based on %BF, 22.68% of the women had a body fat percentage equal to or exceeding the threshold 
of 35%, which is considered indicative of excess adiposity. In contrast, 77.32% of the participants had 
%BF values below this cut-off.

The distribution according to FMI shows a slightly higher proportion of obesity compared to %BF. 
Among all participants, 28.78% had an FMI of 9.5 kg/m² or above, indicating elevated fat mass relative to 
height. The remaining 71.22% had FMI values within the acceptable range. In contrast, the prevalence 
of obesity as assessed by BMI is substantially lower in this population. Only 10.25% of the women had 
BMI values equal to or exceeding 30 kg/m², the standard cut-off for obesity. The majority, 89.75%, had 
BMI values below this threshold.

Comparison of the three indices shows that BMI underestimates the prevalence of obesity in this 
group. While FMI and %BF indicate that approximately a quarter of the women have excess body fat, 
BMI identifies only about one-tenth of the women as obese.

The socio-demographic profiles of Ahom women (Table 3) reveal notable patterns in the distribution 
of obesity, as assessed by FMI, %BF, and BMI. The age distribution shows that obesity prevalence increases 
with age. Among women assessed by FMI, the largest proportions were in the 31–40 years (25.41%) and 
41–50 years (25.41%) categories, while those aged 51 years and above constituted 23.73%. A similar trend 
was observed in %BF, where women aged 31–40 years (24.73%) and 51 years and above (23.66%) formed 
the majority. However, BMI-based obesity was most prominent among women aged 51 years and above 
(38.10%), indicating a stronger relationship between advancing age and general obesity.

Regarding literacy, the majority of obese women had matriculation and higher education levels, 
accounting for 66.10% (FMI), 65.59% (%BF), and 59.52% (BMI). Middle school educated women 
comprised 22.03% (FMI), 23.66% (%BF), and 33.33% (BMI), while illiterate and primary level educated 
women represented a smaller fraction across all indicators. This suggests a positive association between 
higher education and obesity prevalence, possibly reflecting urban lifestyles and reduced physical activity 
among the educated sections.

By occupation, housewives constituted the overwhelming majority of obese women, making up 
88.98% (FMI), 89.25% (%BF), and 73.81% (BMI). Government service holders accounted for only 
11.02% (FMI) and 10.75% (%BF), but their proportion under BMI was comparatively higher (26.19%), 
suggesting that employed women might be more prone to generalised obesity, despite representing a 
smaller sample fraction.

Family structure analysis revealed a slightly higher prevalence of obesity among women from nuclear 
families (59.32% FMI, 56.99% %BF, 54.76% BMI) compared to those from joint families. This may 
indicate that women in nuclear households have greater autonomy over dietary choices and lifestyle 
patterns, potentially contributing to obesity.

Income levels were strongly associated with obesity, as the majority of obese women belonged to 
households earning Rs. 10,000 and above per month (FMI: 70.34%, %BF: 69.89%, BMI: 73.81%). 
Women from lower-income groups (earning up to Rs. 5,000) had significantly lower obesity rates, 
highlighting the link between higher socio-economic status and increased obesity risk, likely due to 
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sedentary habits and access to calorie-rich diets.

Age at marriage also appeared to influence obesity patterns. Women who married at or below 20 
years accounted for the majority of obese individuals across all indicators (FMI: 66.95%, %BF: 69.89%, 
BMI: 71.43%). Early marriage may contribute to early childbearing and subsequent weight gain in later 
years.

Regarding parity, women with two live births had the highest prevalence of obesity (FMI: 43.22%, 
%BF: 34.41%, BMI: 50.00%). The prevalence declined among women with higher parity, possibly 
reflecting increased physical demands associated with larger family sizes.

Health conditions also correlated with obesity. Women suffering from acute illnesses constituted 
66.95% (FMI), 68.82% (%BF), and 73.81% (BMI) of the sample, while chronic illness was prevalent 
among 67.80% (FMI), 64.52% (%BF), and 66.67% (BMI).

Obesity was predominantly an urban phenomenon, with urban residents comprising 72.88% 
(FMI), 76.34% (%BF), and 85.71% (BMI) of the sample, indicating a stark urban-rural divide in obesity 
prevalence among Ahom women.

Discussion 
The present study aimed to evaluate the prevalence and socio-demographic correlates of obesity 

among Ahom women using three anthropometric indices: Body Fat Percentage (%BF), Fat Mass Index 
(FMI), and Body Mass Index (BMI). The findings provide significant insights into variations in body 
composition, the limitations of BMI as an indicator of obesity, and the influence of socio-demographic 
factors on adiposity patterns in this population.

Body Composition and Prevalence of Obesity

The anthropometric profile of Ahom women in this study shows an average height of 151.52 cm 
and a mean weight of 54.95 kg. The mean BMI of 24.08 kg/m² indicates that the overall population falls 
within the normal weight category according to WHO standards. However, closer examination of body 
composition parameters such as fat-free mass (38.20 kg) and fat mass (16.75 kg) reveals considerable 
inter-individual variation in body fat levels, which is not adequately captured by BMI alone.

The prevalence of obesity, as assessed by percentage body fat (%BF, 22.68%) and fat mass index 
(FMI, 28.78%), is markedly higher than the obesity prevalence indicated by BMI (10.25%). This 
disparity highlights a key limitation of BMI in accurately reflecting adiposity, as it does not differentiate 
between fat mass and lean mass. FMI and %BF, which provide a more direct measure of fatness, suggest 
that a significant proportion of women classified as non-obese by BMI may still have excess body fat. 
These findings are consistent with existing literature that has critiqued BMI’s insensitivity to body 
composition nuances, particularly in populations with higher body fat percentages but lower overall 
body mass (Deurenberg et al., 1998; Frankenfield et al., 2001).

Socio-Demographic Correlates of Obesity

The study shows a clear age-related trend in obesity prevalence. The proportion of obese women 
increases progressively with age, particularly in the 31–50 years age group. This pattern is consistent 
across all three indices but is most pronounced in the BMI-defined obese group, where 38.10% are 
aged 51 years and above. Age-related metabolic changes, hormonal fluctuations after menopause, and 
cumulative lifestyle factors likely contribute to this increase in adiposity among older women (Lovejoy 
et al., 2008). Additionally, the age-associated decline in physical activity levels may exacerbate weight 
gain in this demographic.
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Literacy and Socio-Economic Status 

An interesting observation from the study is the higher prevalence of obesity among women with 
matriculation and higher education levels. Educated women accounted for more than 60% of obesity 
cases across all indices. This may appear paradoxical, as higher education is often associated with greater 
health awareness. However, it may also reflect occupational and lifestyle changes among educated women, 
such as increased sedentary behaviour, urban employment, and greater access to calorie-dense diets. 
Furthermore, higher family income (≥ Rs. 10,000per month) was strongly associated with increased 
obesity prevalence. This supports the hypothesis of an emerging “obesity of affluence” phenomenon 
in transitional societies, where economic progress and urbanisation lead to lifestyle changes that foster 
obesogenic environments (Popkin, 2006).

Occupation and Family Type

Housewives constituted the majority of obese women, suggesting that household inactivity and 
limited mobility may be significant contributors to weight gain. Women in government service, although 
fewer in number, showed a higher percentage of obesity in BMI assessments (26.19%), possibly due to 
the sedentary nature of their occupations. Nuclear families also showed a slightly higher prevalence 
of obesity compared to joint families, which may indicate a correlation between household structure 
and lifestyle habits, with nuclear families possibly adopting more individualised and less physically 
demanding routines.

Reproductive Factors

Early marriage (≤ 20 years) was a common characteristic among obese women across all indicators. 
Early marriage often leads to early childbearing, which can result in long-term metabolic and lifestyle 
changes that predispose women to obesity. Furthermore, women with two live births constituted the 
largest group among obese women, suggesting a parity-related risk for postpartum weight retention. 
However, women with higher parity (three or more children) showed lower obesity prevalence, which 
may be due to the increased physical activity and energy expenditure required to manage larger families.

Health Conditions

Acute and chronic illnesses were highly prevalent among obese women. The high incidence of acute 
illness (up to 73.81% in women with obesity by BMI) may reflect obesity’s role in increasing vulnerability 
to infections and inflammatory conditions. Similarly, chronic illnesses – particularly hypertension, 
diabetes, and joint disorders – showed a strong association with obesity, consistent with global evidence 
identifying obesity as a precursor to metabolic and degenerative diseases (WHO, 2021).

Urban-Rural Disparity

The most pronounced difference was observed in the urban–rural distribution of obesity. Urban 
residents constituted the overwhelming majority of obese women across all indices, with BMI-defined 
obesity being particularly concentrated in urban areas (85.71%). Urbanisation introduces several 
risk factors, such as reduced physical activity due to mechanised lifestyles, increased consumption of 
processed and high-calorie foods, and higher stress levels, all of which contribute to weight gain (Misra 
& Khurana, 2008). Rural women, by contrast, benefit from greater involvement in physical labour and 
less exposure to obesogenic environments.

Conclusion 
This study provides a detailed evaluation of obesity prevalence and its socio-demographic 

determinants among Ahom women, using %BF, FMI, and BMI. While BMI classified only 10.25% 
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of participants as obese, %BF (22.68%) and FMI (28.78%) revealed a substantially higher prevalence, 
highlighting the limitations of BMI in detecting hidden adiposity.

Obesity in this population is influenced by multiple factors, including age, education, income, 
occupation, marital history, parity, health status, and residential setting. Higher rates were consistently 
observed among older, urban, educated, and higher-income women, with urbanisation emerging as a 
key driver. Early marriage and reproductive patterns further contributed to excess adiposity, indicating 
the need for targeted interventions.

The findings indicate a shift towards lifestyle-related health risks in this transitional community, 
driven by economic progress and changing living habits. Addressing obesity in the Ahom population 
requires a multifaceted, culturally sensitive approach that integrates physical activity promotion, healthy 
dietary practices, reproductive health counselling, and urban planning that supports active lifestyles. 
Incorporating comprehensive body composition assessments alongside BMI in public health surveillance 
will be essential for early identification and effective management of obesity-related health risks.
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Tables
Table 1 : Anthropometric parameters of the Ahom women.

Variable N Mean SD SE Range

Height (cm) 410 151.52 8.43 0.22 115.8 – 171

Weight (kg) 410 54.95 9.93 0.49 34 -  92

Fat Free Mass (kg) 410 38.20 4.11 0.20 26.29 – 49.67

Fat Mass (kg) 410 16.75 6.94 0.34 1.55 – 42.58

FMI 410 8.37 3.58 0.18 1.49 -  22.38

%BF 410 29.36 7.69 0.38 4.44 – 48.56 

BMI 410 24.08 4.87 0.24 14.57 – 42.83
 

Table: 2 Distribution of percentage of %BF, FMI and BMI among the Ahom women.

Index Cut-off N %

%BF
≤35% 317 77.32

≥35% 93 22.68

FMI
≤9.5 kg 292 71.22

≥9.5 kg 118 28.78

BMI
≤30 kg/m2 368 89.75

≥30 kg/m2 42 10.25
 

Table: 3 Socio demographic profiles of the Ahom women and obesity.

Variable FMI (N=118) % %BF (N=93) % BMI (N=42) %

Age (in Years)

≤20 3 2.55 3 3.23 0 0

21 -30 27 22.88 25 26.88 9 21.43

31-40 30 25.41 23 24.73 11 26.19

41- 50 30 25.41 20 21.51 6 14.29

51≥ 28 23.73 22 23.66 16 38.10

Literacy

Non educated 8 6.78 3 3.23 2 4.76

Primary 6 5.08 6 6.45 1 2.38

Middle school 26 22.03 22 23.66 14 33.33

Matriculation and above 78 66.10 61 65.59 25 59.52

Occupation

Govt. Service 13 11.02 10 10.75 11 26.19

House wife 105 88.98 83 89.25 31 73.81

Family Type

Nuclear 70 59.32 53 56.99 23 54.76
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Joint 48 40.68 40 43.01 19 45.24

Family income

Up to Rs. 5000 11 9.32 9 9.68 5 11.90

Rs. 5000- 10000 24 20.34 19 20.43 6 14.29

Rs. 10000 and above 83 70.34 65 69.89 31 73.81

Religion

Hindu 118 100 93 100 42 100

Age at marriage

≤20 79 66.95 65 69.89 30 71.43

21 -30 39 33.05 28 30.11 12 28.57

31-40 0 0 0 0

41≥ 0 0 0 0

Number of live birth

0 4 3.39 2 2.15 3 7.14

1 32 27.12 29 31.18 6 14.29

2 51 43.22 32 34.41 21 50.00

3 19 16.10 21 22.58 7 16.67

4 7 5.93 7 7.53 4 9.52

5≥ 5 4.24 2 2.15 1 2.38

Acute illness

Yes 79 66.95 64 68.82 31 73.81

No 39 33.05 29 31.18 11 26.19

Chronic illness

Yes 80 67.80 60 64.52 28 66.67

No 38 32.20 33 35.48 14 33.33

Residence

Rural 32 27.12 22 23.66 6 14.29

Urban 86 72.88 71 76.34 36 85.71
 


