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ABSTRACT 

  

Objective: To evaluate the application of Multinomial Logistic Regression to assess the factors affecting 

the women to be underweight and overweight.  

Methods: This was a cross-sectional study. The socio-demographic detail with height and weight of the 
women was recorded. The simple random sampling was adopted in the selection of women. The pregnant 

women were excluded from the study. Women's weight status, indicated by their BMI category, was used 

as the outcome variable in the analyses. A total of 435 women were interviewed. To assess the net effect 
of exposure variables on the outcome measures, multinomial logistic regression analysis was 

contemplated to be suitable as the outcome measure is polychotomous by nature.  

Results: Most of the women were between 20-30 years of age (44.4%). More than one third of the 
women had family income between Rs. 5001-10, 000 (57.7%) per month and were illiterates (68.5%). 

The results of multinomial logistic regression showed that overweight increased with age and education 

with higher prevalence among urban women.  

Conclusion: The growing demand which now appears before the Government or urban health planners is 
to address this rising urban epidemic with equal importance as given to other issues in the past. 
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INTRODUCTION 

In recent years, logistic regression 

has been applied extensively in numerous 

disciplines including medical and social 

sciences. In statistics, when the variables of 

interest have only two possible responses, 

these are represented as binary outcome. In a 

study of obesity, selected subjects have 

either high (>30 kg/m
2
) body mass index 

(BMI) or normal BMI (<30 kg/m
2
). With 

independent variables such as age and 

gender, the response variable Y is defined to 

have two possible outcomes namely subjects 

having a high BMI or not having a high 
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BMI. Subsequently, these are coded as 1 and 

0 respectively. The extension of the binary 

logistic regression model is multinomial 

logistic regression model, in which the 

response variable has more than two levels. 

In the study of obesity, BMI id divided into 

three different levels (underweight, normal 

and overweight), the multinomial logistic 

regression model is build with age and 

gender as covariates. These are labeled as 1, 

2 and 3 respectively and defined 1 as the 

reference category.   

In multinomial logistic model, the 

associations of genetic or environmental 

factors with all disease subtypes are 

estimated simultaneously and inferences 

comparing associations across subtypes can 

be performed (Rosenblatt et al, 2004; 

Agalliu et al, 2009; Morris et al, 2010). 

Multinomial logistic models have also been 

employed in prospective cohort studies to 

compare the associations between exposure 

variables and occurrence of multiple disease 

subtypes (Potter et al, 1995; Cui et al, 2008; 

Kenfield et al, 2008). 

A landmark review of studies on 

socioeconomic status and obesity supports 

the view that obesity in the developing 

world would be essentially a non-

communicable disease of the socioeconomic 

elite (Mendez et al, 2005). The problem 

relating to body mass index (BMI) for both 

men and women should receive equal 

attention. However, concerns relating to 

women in developing countries deserve 

extra attention because of cultural and 

economic backdrops, which hinder the 

blanching between male and female 

counterparts. An augmented number of 

literatures assert that an increased BMI of 

women is independently associated with 

increasing risk of adverse obstetric and 

neonatal outcome (Heslehurst et al, 2008; 

Oteng-Ntim et al, 2013). The risks of 

overweight also include diabetes mellitus, 

increased risk of cardiovascular disease, 

cancer, hypertension, and other medical 

problems (Torloni et al, 2009; O'Brien et al, 

2003; Nagai et al, 2012).  

This study was aimed to evaluate the 

application of Mutinomial Logistic 

Regression to assess the factors affecting the 

women to be underweight and overweight. 

 

MATERIALS AND METHODS 

Description of data 

This was a cross-sectional study 

conducted in the rural and urban health 

catchment area of a tertiary care hospital in 

Haryana state in India among the married 

women of reproductive age group. The 

study was approved by the ethical 

committee of the institute. The consent was 

taken from each woman before enrolling in 

the study. The socio-demographic details 

with height and weight of the women were 

recorded. Simple random sampling was 

adopted in the selection of women. Women 

having at least one living child were 

included in the study, however pregnant 

women were excluded. 

Women's weight status, indicated by 

their BMI category, was used as the 

outcome variable in the analyses. BMI was 

calculated as weight in kg divided by height 

in meter squared. This measurement of BMI 

is generally considered an appropriate 

method for epidemiological studies where 

objective measurement is less feasible. 

Weight was measured using an electronic 

scale with a precision of 0.1 kg, and height 

was measured with an adjustable measuring-

board designed for use in survey settings, 

which can provide accurate measurements to 

the nearest 0.1 cm. A total of 435 women 

were interviewed. 

Statistical Analysis 

To assess the net effect of exposure 

variables on the outcome measures, 

multinomial logistic regression analysis was 

contemplated to be suitable as the outcome 

measure is polychotomous by nature. The 
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multinomial logistic model is the extension 

of the binary logistic regression model to 

outcome measure with j=1, 2, 3, 

…,k nominal outcomes. In its general form, 

the probability of vector i belonging to 

category j is given by the following formula 

(Long, 1997): 

 

 
where χi is a vector containing the values 

of m covariates for person i, and βk is a 

vector of m +1 parameters (β0k, β1k, β2k …, 

βmk) for each k=1, 2, 3, …, j. To identify the 

parameters, it is common to choose one 

reference category and set the corresponding 

vector of parameters equal to a vector of 

zeroes. The BMI <18.50 was labeled as 

“underweight”, ≥25 as “overweight” and 

18.50-24.99 as “normal”. The results of the 

multinomial logistic regression analysis 

have been shown by odds ratios (ORs) with 

95% confidence interval (CI) for easy 

understanding. The level of significance was 

set at 5%. Data were analyzed using SPSS 

(version 16.0) (SPSS Inc., Chicago, IL, 

USA). 

 

 

RESULTS 
Table-1: Distribution of women across categories of BMI according to different predictors 

Demographic variables No. of women Underweight Normal Overweight p-value
1
 

No. % No. % No. % No. % 

Age in years          

<19 78 17.9 7 9.0 57 73.1 14 17.9 0.001* 

20-30 193 44.4 81 42.0 90 46.6 22 11.4 

>31 164 37.7 27 16.5 100 61.0 37 22.6 

Family income in Rs. Per month          

<5000 135 31.0 45 33.3 66 48.9 24 17.8 0.16 

5001-10,000 251 57.7 59 23.5 153 61.0 39 15.5 

>10, 000 49 11.3 11 22.4 28 57.1 10 20.4 

Education          

Illiterate 298 68.5 83 27.9 170 57.0 45 15.1 0.31 

Literate 137 31.5 32 23.4 77 56.2 28 20.4 

Occupation          

Service  127 29.2 37 29.1 44 34.6 46 36.2 0.0001* 

Labor 164 37.7 58 35.4 92 56.1 14 8.5 

Self employed  144 33.1 20 13.9 111 77.1 13 9.0 

Family size          

<10 360 82.8 97 26.9 205 56.9 58 16.1 0.68 

>=10 75 17.2 18 24.0 42 56.0 15 20.0 

No. of living children          

≤2 49 11.3 15 30.6 27 55.1 7 14.3 0.74 

>2 386 88.7 100 25.9 220 57.0 66 17.1 

Place of residence          

Rural 213 49.0 60 28.2 123 57.7 30 14.1 0.30 

Urban 222 51.0 55 24.8 124 55.9 43 19.4 

Total 435 100.0 115 26.4 247 56.8 73 16.8  
1
Chi-square test, *Significant 

  

Table-1 presents the distribution of 

women across categories of BMI according 

to different predictors. Most of the women 

were between 20-30 years of age (44.4%). 

More than one third of the women had 

family income between Rs. 5001-10, 000 

(57.7%) per month and were illiterates 

(68.5%). More than one third of the women 

belonged to labor class. Majority of the 

women were having family size <10.  

Numbers of living children were above 2 

among majority of the women. About half 

(51%) of the women belonged to urban area. 

The percentage of overweight was higher 

among the older women and the association 

was significant (p=0.001). There was no 
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significant (p>0.05) association of BMI 

category with family income, education, 

family size, number of living children and 

place of residence.  

 
Table-2: Adjusted odds ratios (95% CI) for the study variables and covariates from multinomial logistic model predicting underweight 

and overweight for the ever married women 

Study variables BMI category 

(Adjusted OR (95%CI), p-value) 

Underweight vs Normal weight Overweight vs Normal weight 

Age in years   

<19 0.45 (0.17-1.14), 0.09 0.53 (0.24-1.72), 0.11 

20-30 3.75 (2.15-6.54), 0.0001* 0.75 (0.39-1.44), 0.39 

>31 Reference Reference 

Family income in Rs. Per month   

<5000 1.19 (0.50-2.83). 0.68 0.99 (0.38-2.56), 0.98 

5001-10,000 1.06 (0.46-2.46), 0.88 0.78 (0.31-1.93), 0.59 

>10, 000 Reference Reference 

Education   

Illiterate 1.10 (0.64-1.88), 0.73 1.01 (0.55-1.86), 0.96 

Literate Reference Reference 

Occupation   

Service  5.65 (2.78-11.46), 0.0001* 8.54 (4.06-17.94), 0.0001* 

Labor 3.49 (1.81-6.75), 0.0001* 1.13 (0.48-2.67), 0.60 

Self employed  Reference Reference 

Family size   

<10 1.30 (0.66-2.58), 0.44 0.82 (0.39-1.73), 0.61 

>=10 Reference Reference 

No. of living children   

≤2 1.22 (0.57-2.59), 0.60 0.83 (0.31-2.19), 0.71 

>2 Reference Reference 

Place of residence   

Rural 0.94 (0.57-1.56), 0.60 0.83 (0.31-2.19), 0.71 

Urban Reference Reference 

OR-Odds ratio, CI-Confidence Interval, *Significant 

 

Table-2 shows the adjusted odds 

ratios (95% CI) for the study variables and 

covariates from multinomial logistic model 

predicting underweight and overweight for 

the ever married women.  Prevalence of 

underweight was 3.75 times significantly 

higher among the women of age 20-30 years 

compared with women above 31 years 

(Adjusted OR=3.75, 95%CI=2.15-6.54, 

p=0.0001). Prevalence of underweight was 

lower among the women of age <19 years 

than >31 years, however it was statistically 

not significant (p>0.05). Prevalence of 

overweight was insignificantly (p>0.05) 

lower among the women <19 years and 20-

30 years as compared to >31 years.  There 

was no significant (p>0.05) association of 

BMI category with family income, 

education, family size, number of living 

children and place of residence.  Prevalence 

of underweight was higher among the 

women who were in service (Adjusted 

OR=5.65, 95%CI=2.78-11.46, p=0.0001) 

and labor (Adjusted OR=3.49, 95%CI=1.81-

6.75, p=0.0001) than self employed. 

Prevalence of overweight was also higher 

among the women of service class (Adjusted 

OR=8.54, 95%CI=4.06-17.94, p=0.0001) as 

compared to self employed. 

 

Table-3: Model Fitting Information 

Model Model Fitting Criteria Likelihood Ratio Tests 

-2 Log Likelihood Chi-Square d.f. p-value 

Intercept Only 472.275    

Final 345.693 126.581 18 0.0001* 

R
2
=0.25, d.f: Degree of freedom,  *Significant 
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The developed model was observed 

to be significant (p=0.0001) which 

explained 25% variability in the model 

(Table-3).  

 

DISCUSSION 

Multinomial logistic regression is 

used to predict categorical placement in or 

the probability of category membership on a 

dependent variable based on multiple 

independent variables. Independent 

variables can be either dichotomous (i.e., 

binary) or continuous (i.e., interval or ratio 

in scale). Multinomial logistic regression is 

a simple extension of binary logistic 

regression that allows for more than two 

categories of the dependent or outcome 

variable. Like binary logistic regression, 

multinomial logistic regression uses 

maximum likelihood estimation to evaluate 

the probability of categorical membership. 

Multinomial logistic regression does 

necessitate careful consideration of the 

sample size and examination for outlying 

cases. Like other data analysis procedures, 

initial data analysis should be thorough and 

include careful univariate, bivariate, and 

multivariate assessment. Specifically, 

multicollinearity should be evaluated with 

simple correlations among the independent 

variables. Also, multivariate diagnostics (i.e. 

standard multiple regression) can be used to 

assess for multivariate outliers and for the 

exclusion of outliers or influential cases. 

Sample size guidelines for multinomial 

logistic regression indicate a minimum of 10 

cases per independent variable (Schwab, 

2002). 

Unconditional logistic regression 

(Breslow and Day, 1980) refers to the 

modeling of strata with the use of dummy 

variables (to express the strata) in a 

traditional logistic model. Here, one model 

is applied to all the cases and the strata are 

included in the model in the form of separate 

dummy variables, each reflecting the 

membership of cases to particular strata. 

Conditional logistic regression (Breslow and 

Day, 1980; Vittinghoff et al, 2005) refers to 

applying the logistic model to each of the 

strata individually. The coefficients of the 

predictors (of the logistic model) are 

conditionally modeled based on the 

membership of cases to particular strata. 

Marginal logistic modeling (Vittinghoff et 

al, 2005) refers to an aggregation of the 

strata so that the coefficients reflect the 

population values averaged across the strata. 

Primary objective of this study was 

to develop a multinomial logistic model to 

predict the prevalence of underweight and 

overweight among the women of 

reproductive age groups, with special 

reference to their economic status.  Study 

found that higher proportions of women in 

urban India are either overweight or obese 

than their counterparts from rural area. This 

generally contrasts with the findings of other 

studies conducted on the similar issues in 

Western and African countries where the 

percentage of urban and rural subjects are 

similar (Ziraba et al, 2009; Shafique et al, 

2007). Nevertheless, a number of studies 

conducted in developing countries, 

especially in Asia, support the findings of 

this study (Ramachandran et al, 2004; 

Mendez et al, 2005). 

In the mega cities, the situation is 

alarming. Many women are either 

overweight in the selected cities studied in 

India. This condition could well be 

compared with many other developed 

nations where the prevalence of overweight 

is accumulating steadily (World Bank, 2011; 

Gruebner  et al, 2011). 

Along with a number of studies, this 

study equally opined that fraction of 

overweight increases with age and education 

(Ziraba et al, 2009; Agrawal and Mishra, 

2004). The multinomial analysis found that 

women aged <19 years are at low risk of 

overweight. Many studies have attempted to 
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determine the causes behind this association 

between overweight and demographic 

covariates. Among all, physical activity 

declines along with metabolic rate, in the 

middle years of women. On the other hand, 

the energy requirement decreases; therefore, 

even regular or routine eating may lead to 

weight gain. In addition, the established 

cultural or social values with respect to care 

and diet given during and after pregnancy 

help women to gain more weight than ever. 

Furthermore, newly-married women at 

young age are more health-conscious and 

involved in more physical activity than 

women at older ages with children. This 

might be another important reason for 

weight gain after childbirth among women 

(Sinha and Kapoor, 2010). 

 

CONCLUSION 

The study found that the problem of 

overweight is more of an urban concern. The 

flagship programme National Health Rural 

Mission (NRHM), funded by central 

government has a number of building blocks 

or measures to address anaemia and 

undernutrition prevalent among women and 

children in rural India. Yet, the programme 

does not recognize the growing epidemic of 

overweight among women in urban India. 

With this backdrop, the growing demand 

which appears before the Government or the 

urban health planners is to address this 

rising epidemic with equal importance. A 

timely prevention will reduce the burden of 

many chronic co-morbidities, like diabetes, 

cardiovascular diseases, hypertension, and 

infertility on the health system in India. This 

can be achieved either through undertaking 

separate urban health programme or 

incorporating special clause in the proposed 

National Urban Health Program, citing the 

importance of healthy diet and physical 

exercise. 
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