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Background:

Adolescents in socioeconomically disadvantaged urban settings are at heightened risk of both undernutrition and
early initiation of tobacco use. Nicotine’s appetite-suppressing effects may adversely influence dietary intake,
potentially exacerbating nutritional deficits in resource-constrained environments. However, empirical evidence
examining this relationship in urban slum populations remains limited.

Objectives:
To assess the association between tobacco consumption and dietary intake among adolescents, and to identify
predictors of caloric intake below the Recommended Dietary Allowance (RDA).

Methods:

A cross-sectional analytical study was conducted among 900 adolescents (10—19 years) residing in selected urban
slum clusters of Jaipur, India. Data were collected using a structured questionnaire, anthropometric measurements,
and a 7-day dietary logbook. Nutritional status was assessed using Body Mass Index (BMI), and daily caloric
intake was compared against ICMR (2010) RDA guidelines. Associations were examined using Chi-square tests
and correlation analysis. Multivariate logistic regression was performed to identify independent predictors of
caloric intake below RDA.

Results:

Overall, 58.0% of adolescents had caloric intake below RDA. Underweight prevalence was 33.5%, while 60.4%
had normal BMI and 6.0% were overweight. Tobacco use was significantly associated with inadequate caloric
intake, with 75.6% of users consuming below RDA compared to 40.4% of non-users (> = 113.9, p <0.001). A
significant association was also observed between tobacco use and BMI category (¥2=6.13, p = 0.047). Smokeless
tobacco, particularly gutkha, was the predominant form, with a mean initiation age of 14.3 years. In multivariate
analysis, tobacco consumption emerged as an independent predictor of caloric intake below RDA.

Conclusion:

Tobacco consumption is significantly associated with inadequate caloric intake and increased risk of
undernutrition among adolescents in urban slums. Integrated interventions targeting both tobacco use and
nutritional improvement are warranted in this vulnerable population.

Keywords: Adolescents, Tobacco use, Caloric intake, Dietary inadequacy, Body Mass Index, Urban slums,
Nutrition
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1. Introduction

Tobacco use among adolescents remains a major public health concern, particularly in
socioeconomically disadvantaged settings. Adolescence is a critical developmental period
characterized by rapid growth, increased nutritional requirements, and heightened
susceptibility to risk-taking behaviours. Early initiation of tobacco use is associated not only
with long-term risks of non-communicable diseases but also with immediate effects on dietary
behaviour, nutritional intake, and growth.

Nicotine, the primary psychoactive component of tobacco, influences appetite regulation and
energy balance through neurobiological mechanisms, including modulation of hunger- and
satiety-related hormones. This may lead to appetite suppression and reduced caloric intake.
Such effects are especially concerning in low-income settings, where food insecurity and
limited access to balanced diets already compromise nutritional status. Evidence also suggests
a bidirectional relationship between tobacco use and food insecurity, wherein tobacco
consumption may both result from and contribute to inadequate dietary intake.

Previous studies have independently examined tobacco use, nutrition, and food insecurity;
however, limited research has explored their interrelationship among adolescents, particularly
in urban slum settings. In India, adolescent tobacco use—especially smokeless forms—remains
prevalent among lower socioeconomic groups, where vulnerabilities related to poverty and
access to health services are pronounced.

Urban slums in Jaipur provide a relevant context to investigate these overlapping risks, given
widespread socioeconomic deprivation and availability of low-cost tobacco products.
Understanding the association between tobacco use and dietary intake in this population is
essential for informing integrated public health interventions. Therefore, this study aims to
examine the association between tobacco consumption and dietary habits, with a specific focus
on caloric intake relative to recommended dietary allowances among adolescents residing in
urban slums of Jaipur.

2. Methodology

2.1 Study Design and Setting

A cross-sectional analytical study was conducted among adolescents (10-19 years) residing in
urban slums of Jaipur, Rajasthan, India, to assess the association between tobacco use and
caloric intake. These settings are characterized by socioeconomic deprivation, food insecurity,
and easy availability of low-cost tobacco products.

2.2 Sample Size and Sampling

A total of 900 adolescents were included. The sample size was estimated using a prevalence of
tobacco use of 30.6%, 95% confidence level, and allowable error, with adjustments for design
effect and non-response. A multistage cluster sampling technique was applied. Slums were
stratified by administrative zones, and 30 clusters were selected using probability proportional
to size. Households were enumerated, and eligible adolescents were selected using systematic
random sampling. One participant per household was chosen to minimize clustering.

2.3 Data Collection and Variables
Data were collected through face-to-face interviews using a structured questionnaire and a 7-
day dietary logbook. Information on socio-demographic characteristics, tobacco use (type,

1285



Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 47 No. 01 (2026)

frequency, initiation), and dietary practices (meal frequency, meal skipping, appetite changes)
was obtained. Daily caloric intake was estimated and compared with age- and sex-specific
Recommended Dietary Allowance (RDA) guidelines (ICMR, 2010), and categorized as “meets
RDA” or “below RDA.”

2.4 Anthropometry and Data Analysis
Body weight was measured using calibrated digital scales, and Body Mass Index (BMI) was
calculated to assess nutritional status using standard age- and sex-specific references.

Descriptive statistics were used to summarize variables. Associations between tobacco use and
caloric intake were assessed using Chi-square tests and Cramér’s V. Multivariate logistic
regression was performed to identify predictors of caloric intake below RDA. Statistical
significance was set at p < 0.05.

3. Results:

3.1 Socio-demographic characteristics of the study population

The Age distribution, Marital status, Education level and Occupational level of respondent
presented in Table-3.1. A total of 900 adolescents aged 10-19 years participated in the study.
The mean age of respondents was 15.18 years (SD = 2.66), representing the full span of
adolescence. Late adolescents aged 17—19 years constituted the largest proportion of the sample
(39.7%), followed by middle adolescents aged 14—16 years (31.4%) and early adolescents aged
10-13 years (28.9%) . The gender distribution of the participants was nearly equal, with 50.8%
females (n =457) and 49.2% males (n = 443), indicating balanced representation across sexes.

Table 3.1: Socio-Demographic and Economic Summary of Respondents (N = 900)

Age Category Frequency Percentage
Early adolescence

(10-13 years) 260 28.9

Mid adolescence

(14-16 Years) 283 314

Late adolescence

(17-19 Years) 357 397
Range (Years) 10-19

Mean Age (Years) 15.18

Standard Deviation (SD) 2.66

Marital status of Adolescent Frequency Percentage
Married 32 3.6
Unmarried 868 96.4
Education Level Frequency Percentage
Up to 5™ Class 99 11

Up to 8 Class 352 39.1
Secondary (10') 372 41.3

Sr. Secondary (12™) 77 8.6
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Occupation Level Frequency Percentage
Family Work 38 4.2
Students 683 75.9

Paid Regular 54 6

Domestic Work /Street Vendors 81 9

Other (Informal Services) 44 4.9

With respect to educational attainment, the majority of adolescents had completed schooling
up to the secondary level. Approximately (41.3%) had completed education up to 10th class,
while 39.1% had completed up to 8th class. A smaller proportion of respondents reported
education only up to the primary level (11.0%) , whereas (8.6%) had progressed to senior
secondary education (12th class).

Regarding occupational status, most adolescents were students (75.9%). However, a notable
proportion of respondents were engaged in economic activities, including domestic work or
street vending (9.0%), paid regular employment (6.0%), family-based work (4.2%), and other
informal services (4.9%). Occupational engagement increased with age, with the majority of
adolescents engaged in economic activities belonging to the 17-19 year age group. Household
characteristics indicated moderate family size and low socioeconomic status presented in Table
3.2. The majority of adolescents (75.7%) lived in households consisting of 4—6 members, while
18.8% lived in households with 7-9 members. The mean household size was 5.64 members
(SD = 1.58). Monthly household income levels reflected economic vulnerability within the
study population. Approximately 38.0% of households reported monthly income below
%10,000, and 39.8% reported income between 310,000 and %20,000. Only 5.3% of households
reported monthly income above 330,000.

Table-3.2 Distribution of Households Characteristics of Respondent (N=900)
Household

. Frequency Percentage
Size (Members)
1-3 members 26 2.9
4—6 members 681 75.7
7-9 members 169 18.8
10 or more members 24 2.6
Total Mean Household Size 5.64 members
SD 1.58
Household Monthly Income in (Rs.) Frequency n=900 Percentage
Less than 10,000 342 38
10,000 — 20,000 358 39.8
20,000 — 30,000 152 16.9
More than 30,000 48 53
Total Mean HH Monthly Income 13956
Standard deviation (SD) 8,672.65
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3.2 Nutritional status and Caloric intake

Body Mass Index (BMI) was used to assess the nutritional status of adolescents in the study
population. Overall, 33.5% of adolescents were classified as underweight, 60.4% had normal
BMLI, and 6.0% were classified as overweight. Table-3.3 presents the age-specific distribution
showed notable variation across BMI categories. Among adolescents aged 10—13 years, the
prevalence of underweight was 55.8%, indicating a high burden of undernutrition in early
adolescence. In contrast, underweight prevalence declined to 29.0% among adolescents aged
14-16 years and further to 21.0% among adolescents aged 17—19 years.

Table 3.3 — Age wise distribution of BMI Categories (n = 900)

Age Group Underweight n Normal n Overweight n Total
(years) (“o) (“o) (Y0)
10-13 (n=260) 145 (55.8%) 114 (43.8%) 1 (0.4%) 260
14-16 (n=283) 82 (29.0%) 192 (67.8%) 9 (3.2%) 283
17-19 (n=357) 75 (21.0%) 238 (66.7%) 44 (12.3%) 357

Conversely, the proportion of adolescents with normal BMI increased with age. Among late
adolescents, 66.7% had normal BMI, compared with 43.8% among early adolescents.
Overweight prevalence was relatively low overall but increased with age, from 0.4% among
early adolescents to 3.2% among middle adolescents and 12.3% among late adolescents (Table
2). These findings suggest a transition from undernutrition in early adolescence toward
relatively improved nutritional status with increasing age. Daily caloric intake presented in
Table-3.4 was estimated using a seven-day dietary logbook. The estimated energy intake
ranged from 1970 kcal/day to 2730 kcal/day, with a mean intake of 2285.87 kcal/day (SD =
264.76). The most frequently reported caloric intake category was 2060 kcal/day, representing
35.3% of respondents, while 2250 kcal/day represented the least frequent intake category
(5.3%). The distribution of caloric intake showed slight positive skewness, indicating that a
smaller proportion of adolescents reported relatively higher caloric intake levels.

Table-3.4 Distribution of Estimated Energy Intake (kcal/day) Among Adolescents (=900)
Estimated Intake

(kcal/day) Frequency Percentage
1970 91 101
2060 318 353
2190 75 3.3
2250 48 53
2450 140 15.6
2640 164 18.2
2730 64 71
Total 900 100
Total Mean 2285.87 kcal/day

SD 265.47
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When Calorie Intake was evaluated against the Recommended Dietary Allowance (RDA) for
adolescents. Participants were classified according to whether their estimated daily caloric
intake met or fell below the sex-specific RDA values.

As shown in Table 3.5, 58.0% of participants (n = 522) consumed less than the recommended
dietary allowance, whereas 42.0% (n = 378) reported energy intake equal to or greater than the

Recommended Dietary Allowance.

Table 3.5 - Distribution of Participants According to Calorie Intake Relative to RDA

(n=900)
Category of
Recommended
F Percent
Dietary Allowance requency (n) ercentage
(RDA)

Less than RDA 522 58
Equal or M h

qual or More than 378 4

RDA

These findings indicate that more than half of the participants did not meet the recommended
daily energy requirement, suggesting a notable prevalence of inadequate energy intake among
adolescents in the study population.

3.3 Tobacco Consumption Patterns

The study sample included 450 adolescents who reported tobacco consumption and 450 non-
users, as per the sampling design that allowed comparative analysis between the two groups.
Figure 3.1 shows that, Among tobacco users, smokeless tobacco was the predominant method
of consumption, accounting for 84.9% of users, whereas 5.3% reported exclusive smoking,
3.8% reported both smoking and smokeless tobacco use, and 6.0% reported other forms of
tobacco consumption.

Smoke less 84.9
Smoking 5.3
Both j3-8
Any Other 6.0

Figure 3.1 — Method of Tobacco Consumption (N=450) (In %)

Analysis of specific tobacco products revealed that gutkha was the most commonly consumed
product, reported by 86.9% of tobacco users. Tobacco manjan was used by 6.0%, while 4.4%
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reported cigarette use. Very few adolescents reported the use of bidi (0.7%) or zarda (0.4%) as
standalone products. A small number of respondents reported multiple product use, including
combinations such as cigarette and gutkha.

The mean age of initiation of tobacco use was 14.28 years (SD = 2.12), with initiation occurring
as early as 10 years of age. The highest proportion of initiation occurred around 15 years,
indicating that early-to-mid adolescence represents a critical period for tobacco initiation.

Table 3.6 presents the distribution of the frequency of tobacco consumption and daily
expenditure on tobacco among respondents who reported tobacco use. In terms of consumption
patterns, 71.3% of tobacco users reported daily tobacco use, while 21.6% reported occasional
use and 7.1% reported less-than-daily use.

Table-3.6 Frequency of Tobacco use and Daily Expenditure on Tobacco (n=450)

Frequency of Tobacco Use Frequency Percentage
Daily 321 71.3
Occasionally 97 21.6
Less than daily 32 7.1
Money Spent per Day (INR)

0-10 64 14.2
11-20 74 16.4
21-30 44 9.8
3140 18 4.0
41-50 98 21.8
>50 152 33.8

Tobacco expenditure patterns showed that a substantial proportion of adolescents spent
significant amounts on tobacco products. Approximately 33.8% reported spending more than
%50 per day on tobacco, while 21.8% reported daily expenditure between I41-50.

Household tobacco exposure was also common. Approximately 78% of adolescents reported
two or more family members consuming tobacco, with a mean of 2.32 tobacco-using members
per household (SD = 1.14).

3.4 Findings of Bivariate Analysis

3.4.1 Association between tobacco consumption and BMI

The association between tobacco consumption and BMI categories was examined using a Chi-
square test of independence. The results indicated a statistically significant association between
tobacco use and BMI category (¥* = 6.13, p = 0.047) presented in Table-3.5. However, the
magnitude of the association was relatively weak, as indicated by Cramér’s V = 0.083.

Table 3.5 — Association between BMI and Tobacco Consumption- (n = 900)
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Tobacco Underweight Overweight 2 P value
Consumption (%) ° Normal (%) (%) : *

Yes (n=450) 164(36.4%) 266(59.1%) 20(4.4%)

No (n=450) 138(30.7%) 278(61.8%) 34(7.6%)

Total 302 (33.5%) 544 (60.4%) 54 (6%) 6.13 047

(2, N=900)=6.13, p = 047

Examination of the distribution revealed that a higher proportion of tobacco users were
classified as underweight (36.4%) compared with non-users (30.7%). Conversely, the
proportion of overweight adolescents was higher among non-users (7.6%) compared with
tobacco users (4.4%). The proportion of adolescents with normal BMI was relatively similar
between the two groups.

3.4.1 Association between tobacco consumption and Calorie intake

A strong association was observed between tobacco consumption and caloric intake relative to
the recommended dietary allowance. Among adolescents who reported tobacco use, 75.6% had
caloric intake below the RDA, whereas only 40.4% of non-users had caloric intake below the
recommended level presented in Table-3.6

Table-3.6 Association between tobacco consumption and Calorie intake

Variable Category Less than RDA >RDAn Total © p- Crame
n (%) (%) value r'svV
Ever Yes 340 (75.6) 110 450
Consumed (24.4)
Tobacco No 182 (40.4) 268 450
(59.6)
Total 522 378 1139 <0.001 0.356
%
Category <RDAn (%) =>RDAn Total © p- Crame
(%) (n=900 value r'sv
)
Non- 182 (40.4) 268 450
user(n=450) (59.6)
Chewing 281 (74.7) 95 (25.3) 376
Method of (n=376)
Tobacco Smoking 19 (73.1) 7(26.9) 26
Use (n=26)
Both (Chew + 22 (81.5) 5(18.5) 27
Smoke)
(n=27)
Any Other 18 (85.7) 3(14.3) 21
(Manjan,
Naswar, Pan)
(n=21)
Total 522 (58.0) 378 900 18741 <.001 0.36
(42.0)
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The Chi-square test indicated a statistically significant association between tobacco
consumption and caloric intake adequacy (x> = 113.9, p < 0.001), with a moderate strength of
association (Cramér’s V = 0.356). These findings indicate that adolescents who consume
tobacco are substantially more likely to experience inadequate dietary intake compared with
non-users.

Further analysis examining the Method of tobacco consumption revealed additional variation
in dietary adequacy presented in Table-3.6 . Adolescents who used both smoked and smokeless
tobacco demonstrated the highest prevalence of inadequate caloric intake (81.5% below RDA),
followed by those using smokeless tobacco (74.7% below RDA) and smoking tobacco (73.1%
below RDA). In contrast, the majority of non-users (59.6%) met or exceeded the recommended
dietary allowance. The association between method of tobacco consumption and RDA status
was statistically significant (y> = 187.41, p < 0.001) with a moderate strength of association
(Cramér’s V =0.36).

3.5 Multivariate Logistic Regression Analysis

Multivariate logistic regression identified predictors of caloric intake below the Recommended
Dietary Allowance (RDA). The model demonstrated good fit (Hosmer—Lemeshow ¥ = 7.42,
p = 0.48) and explained 21-29% of the variance (Cox & Snell R? = 0.21; Nagelkerke R? =
0.29). Higher secondary education was significantly associated with increased odds of caloric
intake below RDA (AOR = 1.40; 95% CI: 1.01-1.95; p = 0.045). Other socio-demographic
variables were not significant. Tobacco use remained an independent predictor of inadequate
caloric intake.

3.6 Key Findings

A high prevalence of inadequate caloric intake (58%) and undernutrition was observed.
Tobacco use was strongly associated with caloric deficiency, with users significantly more
likely to consume below RDA. Smokeless tobacco, particularly gutkha, was the predominant
form, with early initiation during adolescence.

4. Discussion

4.1 Summary of Findings

The study demonstrates a high burden of undernutrition among adolescents in urban slums,
with over half reporting caloric intake below RDA and one-third being underweight. Tobacco
use was prevalent, initiated early, and strongly associated with inadequate caloric intake and
lower BMI. Dual users exhibited the highest nutritional risk.

4.2 Comparison with Existing Evidence

Findings are consistent with global and Indian literature indicating that nicotine influences
appetite regulation and is associated with lower caloric intake and BMI. Evidence from low-
and middle-income settings suggests that tobacco use and food insecurity are interrelated,
particularly in economically disadvantaged populations. The predominance of smokeless
tobacco aligns with Indian studies.

4.3 Public Health Implications
The results highlight the need for integrated interventions addressing both tobacco use and
adolescent nutrition. Early prevention, school-based education, and strengthened regulation of
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smokeless tobacco are critical. Addressing underlying social determinants such as poverty and
food insecurity is essential.

4.4 Strengths and Limitations

Strengths include a large sample size, multistage sampling, and combined assessment of
behavioural and nutritional factors. Limitations include the cross-sectional design, reliance on
self-reported data, and limited generalizability beyond similar urban slum settings.
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