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Background

Food insecurity (Fl) leads to long-term detrimental effects on physical and intellectual
development, resulting in malnutrition and micronutrient deficiencies. The current
study assessed Household Food Insecurity (HFI) and its association with 24-hour
Dietary Diversity Scores (DDS) among female university students in Karachi.

Methods

We employed non-probability consecutive sampling at a large public-sector university
in Karachi, Pakistan, for this cross-sectional study. The study included undergraduate
and postgraduate students aged between 18-26 years. The USAID standardized
questionnaire “Household Food Insecurity Access Scale” was used to assess Fl.
Bivariate one-way ANOVA and multivariable ordinary-least-squares and logistic
regression models were applied to examine the relationship between HFI severity and
continuous DDS and low DDS (<5 food-groups).

Results

We analysed 311 female students; 26.5 % (95 % Cl| 22.0-31.5) experienced some degree
of food insecurity. HFI severity was not independently associated with DDS after
adjustment (mean DDS: 6.35 + 1.86; adjusted B = -0.08, 95% Cl: -0.27 to 0.12; p = 0.43).

Conclusions

Although food insecurity was common, it was not independently associated with
dietary diversity after adjustment. Targeted nutrition-education and subsidised-meal
programmes could still mitigate residual risk. Campus policies must integrate financial
support with education to address non-economic barriers to diet quality.

Keywords
food insecurity, dietary diversity, women’s nutrition, university students, Pakistan

Every fourth young woman at universities in Karachi lives with food-related anxiety—worrying about whether their household can afford
enough to eat. In this study, we interviewed 311 female students and asked them to recall everything they had eaten over the past 24
hours. Each food item was sorted into 16 food groups based on global nutrition guidelines. Most students crossed the basic diversity
threshold, averaging six different food groups, which suggests decent variety. However, those from food-insecure homes tended to eat
slightly fewer food groups. Interestingly, when we adjusted for family income, job status, and household size, this gap disappeared—
indicating that poverty, not just food anxiety, drives dietary gaps. Even more surprising, some of the most food-insecure students
reported the most varied diets, possibly due to shared meals or celebratory gatherings. This shows that financial stress doesn’t always
mean poor diets—especially when young women use creative coping strategies. Our research recommends blending meal subsidies with
hands-on nutrition training in universities to ensure that every student, no matter her background, has the knowledge and means to eat
well.
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Background

Food insecurity (Fl) is defined as ‘uncertain or limited access to
nutritionally adequate, safe foods in socially acceptable ways [1].
Globally, ~2.4 billion people are affected, with South Asia
disproportionately burdened [2]. Pakistan ranks 92/113 on the Global
Food Security Index, reflecting fragile purchasing power, recurrent
price shocks and gendered inequities [3]. Young women are doubly
vulnerable: they share household resource constraints and, in
patriarchal settings, often eat last or least [4]. University years
represent a critical 'second window' for growth and habit formation,
particularly for young women, as these habits can influence future
pregnancy outcomes and inter-generational health [5,6]. This period
is also marked by increased autonomy in food choices, making it a
pivotal time for nutritional interventions [7,8].

Diet quality is widely assessed by Dietary Diversity Score (DDS), the
simple count of unique food groups consumed in 24 h [9]. Higher
DDS predicts better micronutrient adequacy, healthier BMI and
cognitive performance in students [10]. Household Food Insecurity
Access Scale (HFIAS) adds context by measuring worry, reduction in
food variety, and hunger episodes over one month [11]. Global
reports consistently link higher HFIAS scores with lower DDS, but the
magnitude and drivers of this relationship vary by culture, market
structure and gender roles [12]. Evidence from Pakistan remains
scant and often conflates adolescents with adult women.

Rationale of the research

Understanding whether and how household-level food insecurity
erodes dietary diversity among female university students can guide
targeted campus nutrition policies that go beyond stipend schemes.
If financial constraints fully explain poor diversity, cash transfers
may suffice. If knowledge or time barriers persist after adjusting for
SES, behaviour change interventions are warranted.

Objectives of the research

Primary: to test the hypothesis that mean DDS decreases step-wise
with higher HFI severity.

Secondary: to quantify the independent association between HFI
severity and (a) continuous DDS and (b) binary low DDS (< 5 food
groups) after adjusting for socio-economic covariates.

Tertiary: to describe the socio-demographic profile of food-insecure
female students.

Study design and study settings

We carried out a cross-sectional analytical study (December 2019-
May 2020) at Dow University of Health Sciences, Karachi (public
sector).

Study Population

Inclusion criteria: Currently enrolled female undergraduate and
postgraduate students aged 17-26 years. Exclusion criteria: Students
were excluded if they were pregnant, had a chronic illness, or
refused informed consent.

Sample Size & Sampling Technique

The sample size was calculated using the below formula:

Sample size = (Z>x P x1-P) / d?

using Z = 1.96, prevalence [13] = 0.41, precision = 0.05 » n = 259;
inflated by 20 % for non-response to 311.

Accounting for a 20% non-response rate, we enrolled 311 female
students from a parent survey of 340 participants. Due to logistical
constraints (e.g., lack of access to a centralized student registry),
non-probability consecutive sampling was employed, which may
limit generalizability. To mitigate selection bias, field teams covered
all academic departments and both morning/evening lecture
sessions during Week 3 of each semester, inviting all eligible
students present. A post-hoc power analysis confirmed 86% power
(a=0.05) to detect
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a clinically meaningful 0.6-unit difference in mean DDS between any
two food insecurity categories. Future studies should prioritize
stratified random sampling to enhance representativeness.

Biases and confounders

Selection bias was minimized by ensuring comprehensive coverage
of academic schedules and departments. Recall bias was reduced
through interviewer-assisted 24-hour dietary recalls, which
standardize data collection. Potential confounders (age, household
income, employment status, and family size) were adjusted for in
multivariable regression models. Body mass index (BMI) and physical
activity were evaluated for multicollinearity (VIF < 2) (variance
inflation factor (VIF)) and retained in sensitivity analyses, which
produced consistent null results (see Supporting File 2). Despite
these measures, residual confounding (e.g., unmeasured cultural
food preferences) cannot be ruled out. The Urdu translation of
HFIAS underwent forward-back translation and pilot testing (n = 30;
Cronbach’s a = 0.82).

Data-collection tools

« Household Food Insecurity Access Scale (HFIAS) (9 items, Urdu-
adapted, Cronbach’s a 0.82).

« FAO 16-food-group DDS recall.

« Structured socio-demographic questionnaire.

Data Collection tools and Procedures

Following written informed consent, trained researchers collected
data from female students across all departments of the university
using a standardized protocol. The first author explained the study
objectives and questionnaire items in person, emphasizing voluntary
participation and anonymity. Participants were assigned unique
numerical codes to ensure confidentiality, and no personally
identifiable information was recorded. The interviewer-assisted
survey, which included the Urdu-adapted HFIAS questionnaire, 24-
hour dietary recall, and socio-demographic items, required
approximately 20 minutes per participant. Dietary diversity scores
(DDS; range 0-16) were calculated by summing affirmative
responses across the 16 FAO (Food and Agriculture Organization)
food groups, with scores 25 indicating minimum dietary diversity for
women.

Quality control
To ensure data integrity, we implemented:
1.Double data entry in SPSS v22, with 10% random checks to verify
accuracy.
2.Logic constraints for anthropometric data (e.g., BMI range
checks) to preserve validity for future analyses.
3.Interviewer training to minimize inter-observer variability in
dietary recall administration.

Data analysis
Data preparation

« Cleaning: Raw data (XLSX) were imported into SPSS 22. Missing
DDS values (<1%) were excluded list-wise, while missing income
data (20%) were imputed using multiple chained equations
(MICE; *m*=20) with predictive mean matching (covariates:
employment status, household size). Sensitivity analyses
confirmed imputation robustness (<5% effect-size variation vs.
complete-case analysis).

« Transformation: DDS exhibited moderate  symmetry
(skewness=0.42), satisfying OLS (Ordinary-Least-Squares (OLS))
assumptions. Negative binomial and Poisson models (Supporting
File 2) yielded congruent null results, supporting OLS reliability.

Statistical Analysis

Data were analysed in SPSS v22.0. Descriptive statistics are reported
as means * SD for continuous variables and frequencies
(percentages) for categorical variables; 95 % confidence intervals
(Cls) for means were calculated with the t-distribution.
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Bivariate tests

« One-way ANOVA compared mean Dietary Diversity Scores (DDS)
across Household-Food-Insecurity (HFI) categories (Levene’s F =
1.63, p = 0.18); Tukey post-hoc tests followed significant omnibus
results.

« X®tests assessed associations between low DDS (< 5 food groups)
and HFI status.

Multivariable models

« Ordinary least-squares (OLS) regression for continuous DDS.

« Logistic regression for binary low DDS. Both models were adjusted
for age, household income, employment status, and household
size, and OLS used robust standard errors.

Model diagnostics showed normal residuals, homoscedasticity, and
no multicollinearity (variance inflation factor < 2).

Sensitivity analyses with Poisson and negative-binomial regressions
produced effect estimates consistent with primary models (all HFI p >
0.30).

Reporting of effects

Results are presented as B-coefficients (OLS) or adjusted odds ratios
(logistic regression) with 95 % Cls; statistical significance was set at p
<0.05.

Ethical approval

Approved by [SZABIST Ethics Review Committee] (Ref No.
IERB(5)/SZABIST-KHI(MSPH)/18105116/190132).  Participants gave
written informed consent.

Participants’ Socio-Demographic characteristics

The study included 311 female students with a mean age of 21.5 * 3.3
years. Most participants were undergraduates (93.9%), and only 4.8%
reported paid employment. Median household income was 80,000
PKR/month (IQR: 60,000-150,000), with households typically
comprising six members and 1-2 earners.

Table 1. Socio-demographic characteristics of participants (n = 311)

Variable Category/Statistic | Value
Program of study Bachelors 292 (93.9%)
Masters 19 (6.1%)
Employment status Unemployed 296 (95.2%)
Employed 15 (4.8%)
Age (years) Mean + SD 21.5+3.3
Household income (PKR) | Median {IQR) 80,000 (60,000-150,000)

Major findings

Food Insecurity Prevalence

Nearly 26.5% of students experienced some level of food insecurity
(Table 2). Mild and severe FlI were reported by 11.3% and 9.0%,
respectively.

Table 2: Distribution of Food Insecurity Categories

HFI Category n %

FSH* 227 73.0

Mildly FI* 35 11.3

Severely FI 28 9.0

Moderately FI | 21 | 6.8

* FSH = Food-Secure Household.: Fl = Food Insecure: HFl = Household-Food-Insecurity

Dietary diversity

The mean DDS was 6.35 + 1.86, with 13.6% falling below the FAO
threshold (<5 food groups). ANOVA revealed significant differences
across HFI categories (F = 2.85, *p* = 0.038), driven by the moderately
Fl group (mean DDS: 5.85 + 1.31). Notably, severely Fl students had a
higher mean DDS (6.89 * 2.48), potentially reflecting coping strategies
(e.g., shared meals) or recall bias.
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Table 3. Mean DDS by food insecurity level

HFI Category | Mean DDS* £ SD* | 95% a* |n
Food secure | 6401182 | 6.16-6.63 | 227
Mildly FI 6.03+146 5.54-6.51 35
Moderately Fl |s85:131 | 5.29-6.41 R
Severely Fl | 6.80+248 | 5.97-7.81 | 28
*C| = Confidence Interval {C1})"; DDS = Dietary diversity scores; S0 = Standard Deviation

Multivariable Regression Analyses

After adjustment for socio-economic covariates, HF| severity was
not significantly associated with DDS (B = -0.08, 95% CI: -0.27 to
0.12; *p* = 0.43) or low DDS (aOR = 1.06, 95% CI: 0.74-1.53). Income
and employment showed neutral effects.

Table 4. Predictors of DDS (OLS regression)

Predictor | Biaska) | pvalue
Mildly Fi | -0.31(-0.96-0.34) | 635
Moderately FI -0.50 [-1.43-0.42) 0.29
Severely FI | 041(-0.41-1.23) |03z
Age [per year) 0.05{-0.04-0.13) 0.28
Table 5. Predictors of low DDS (Logistic regression)
Predictor | A0R (95% CI) | p-value
Mildly FI | 0.86(0.28-2.67) | 078
Moderately Fl | 0.92{0.19-4.42) | 0.92
Severely Fl 1.15 (0.30-4.45) 0.83

Objective-Specific Findings

1.Primary Objective: Mean DDS varied by Fl
attenuated after adjustment.

2.Secondary Objective: No independent association between HFI
and DDS after accounting for socio-economic factors.

3.Tertiary Objective: Food-insecure students had lower household
income (median 75,000 vs. 110,000 PKR; *p* < 0.001) and larger
families.

severity but

This study offers novel insights into the relationship between
household food insecurity (HFI) and dietary diversity among female
university students in Pakistan, a population at the intersection of
gendered nutritional vulnerability and transitional autonomy. While
unadjusted analyses indicated a step-wise decline in dietary
diversity scores (DDS) with increasing HFI severity, this association
attenuated after accounting for socio-economic confounders
(adjusted B = -0.08, p = 0.43). This suggests that HFI’s direct impact
on diet quality may be mediated by broader structural factors, a
finding with critical implications for campus nutrition policies.

Our prevalence (26.5 %) is lower than that reported in US
community-college samples (42-57 % in studies from 2016-2022)[14,
15] and Iranian high-school cohorts (41 %)[16, 17]. This discrepancy
may reflect Pakistan’s joint-family system, where resource pooling
mitigates food shortages for students—a hypothesis warranting
further exploration through household-level expenditure studies.
Notably, the mean DDS (6.35 *+ 1.86) exceeded the FAO’s minimum
threshold (25), mirroring findings from Bangladeshi peers [18], and
underscores the resilience of dietary practices even amid economic
constraints.

The paradoxically higher DDS among severely food-insecure
students (6.89 * 2.48) merits cautious interpretation. While this
could indicate coping strategies (e.g., reliance on shared meals
during familial gatherings) [19, 20], the small subgroup size (n=28)
and potential recall bias (e.g., overreporting during episodic feasting)
preclude definitive conclusions. Qualitative follow-ups should
explore intra-household food allocation dynamics and cultural
norms around meal-skipping during academic stress.

Our adjusted null findings resonate with Capability Theory [21, 22]
and studies from comparable settings (e.g., Ghana [23, 24]), where
market access and income outweighed HFI in predicting DDS. This
reinforces the need for interventions addressing both financial
barriers (e.g., subsidized meals) and capability gaps (e.g., nutrition
literacy).

June 2025
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Strengths and Limitations
Strengths:

« First application of the 16-group DDS with HFIAS in Pakistani
female students, using validated tools and robust adjustment for
confounders.

« Adequately powered (post-hoc power: 86%) to detect clinically
meaningful differences in DDS.

Limitations:

« Cross-sectional design precludes causal inference; reverse
causality (e.g., poor diet exacerbating HFI perceptions) cannot be
ruled out. Social-desirability bias in self-reported dietary recalls
and the single-institution setting may further limit external
validity.

« Single-day dietary recall may misclassify habitual intake (x12%)
[18]; future studies should employ multiple recalls or food diaries.

« Non-probability sampling (though mitigated by department-wide
coverage) limits generalizability; stratified random sampling is
recommended for replication.

1.Longitudinal designs tracking seasonal price fluctuations and
household remittances could clarify temporal HFI-DDS dynamics.
2.Mixed-methods studies should explore:
o Gendered food allocation norms in university students’
households.
o Cultural perceptions of "adequate diversity" and meal-
skipping during exams.
3.Intervention trials testing bundled strategies (e.g., meal subsidies
+ budgeting training) are needed to isolate effective components.

While HFI affects 26.5% of female students in this cohort, its
independent association with dietary diversity is modest,
underscoring the role of socio-economic enablers (income,
employment) in shaping food choices. To holistically address diet
quality, we propose:
1l.Income-sensitive meal vouchers: We recommend piloting
income-sensitive meal-voucher schemes (~USD 3.50/month)
redeemable for fruits, vegetables and dairy on campus.
2.Curriculum-integrated nutrition education: Mandate 8-week
modules in first-year programs, covering budget-friendly diverse
meals (e.g., lentil-based dishes) and micronutrient optimization.
3.Peer-led cooking workshops: Host biweekly sessions in hostel
kitchens, training students to prepare culturally acceptable,
nutrient-dense meals (e.g., iron-rich spinach saag).

These interventions, grounded in local context and evidence, could
bridge the gap between food security and dietary adequacy,
safeguarding the health of Pakistan’s future mothers.

File 1: Questionnaire/tool
File 2: ERB Approval Letter
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« Food insecurity negatively impacts diet quality and cognitive outcomes
worldwide.

o Dietary diversity score (DDS) is a reliable proxy for micronutrient
adequacy.

« South Asian women face food allocation inequities within households.

e Universities remain underexplored sites for targeted food-security
interventions.

e This is the first study to apply the 16-group DDS and HFIAS tools
among Pakistani female students.

* Moderate food insecurity initially showed lower DDS, but the effect
disappeared after SES adjustment.

o Surprisingly, severely food-insecure students reported higher DDS—
possibly due to coping behaviors or recall bias.

o Findings support bundled campus strategies integrating financial aid
with nutrition education.
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Mpeanocbinkn

Hegoctatok npogoBonbcTBust (FI) MpMBOANUT K AONTOCPOYHBLIM MarybHbIM NOCNEACTBUSM ANs
$U3NYECKOro N UHTENNEeKTYaNbHOrO PasBUTUSA, YTO MPUBOAUT K HeAoeAaHuio 1 Aeduuuty
MUVKPO3/1eMeHTOB. B HacTosileM McciefoBaHUM OLLEHWBA/CS YPOBEHb MPOAOBO/bCTBEHHOM
Hebe3onacHocTn  gomoxo3aiicte (HFI) n ero ¢Bsf3b € 24-4acoBbIMM  MoKasatensmmn
pa3Hoobpasus paunoHa (DDS) cpean cTyaeHTOK yHMBepcmTeToB B Kapaun.

MeToab!

[ns 3TOro  KPOCC-CEKLMOHHOIO  WCCNeA0BaHUSI  Mbl  WCMONL30Bany  HEBEPOSITHOCTHYHO
rnocneaoBaTesibHyt0 BbIGOPKY B KPYMHOM rocyapcTBeHHOM yHuBepcuTeTe B Kapauu, MakuctaH.
B nccnesoBaHmne 6binv BKAKOUEHBI CTYAEHTBI U acnvpaHTbl B Bo3pacTe oT 18 o 26 neT. Ans
oueHkn Fl ncnonb3oBancs CTaHAAPTU3NPOBaHHLIA BonpocHWK USAID «llkana goctyna k
MPOAOBO/IbCTBEHHOW 6€30MacHOCTV JOMOXO03SACTB». [/t N3yYeHUst B3aUMOCBA3MN
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mexgy creneHbto HFI 1 HenpepbiBHbIM DDS 1 Huskum DDS (<5 rpynn npoaykToB) 6bliv
NprYIMeHeHbl ABYMEepHbI OAHOCTOPOHHUI ANOVA 1 MHOromepHble MOZenn O6blYHbIX
HaunMeHbLUNX KBaApaToB U JIOTUCTNYECKON perpeccmnn.

PesynbTaTbl

Mbl  npoaHanm3vposann 311 cTygeHToK; 26,5 % (95 % Cl 22,0-31,5) wucnbiTbiBaan
ornpefjeneHHyo CcTereHb MPOAOBO/ILCTBEHHON HebesonacHocT. CreneHb HFI He 6bina
He3aBMcMMO cBsizaHa ¢ DDS nocne koppekTupoBKM (cpepHee 3HauveHne DDS: 6,35 + 1,86;
ckoppekTupoBaHHoe 3 = -0,08, 95 % AIN: oT -0,27 o 0,12; p = 0,43).

BbiBOAbI

XOTA NpOAOBONLCTBEHHAs He6e30MacHOCTb 6bina PacnpPOCTPAHEHHBLIM SBMEHWEM, Mocne
KOPPEeKTUPOBKN OHa He 6bina He3aBMCMMO CBA3aHa C pasHoobpasvem pauuoHa. Llenesbie
nporpaMmsl NPOcBeLLeHVs B 061aCTU NUTaHNS 1 Cy6CMANPOBAHHOIO MUTaHUA BCe Xe MOryT
CHM3UTb OCTaTOYHbIV puck. MoAUTUKA YHMBEPCUTETOB AOMKHA coveTaTb (GUHAHCOBYHO
NoAAepXKYy — C  MpoCBelleHMeM, 4TOBbl  YCTPaHUTL  HedKOHOMMU4Yeckne  6apbepsbl,
NpensTCcTBYytOLLMe KaYecTBY NUTAHUA.

Kniouessblie cnosa
NpoAOBOAbLCTBEHHAs Hebe30MacHOCTb, pasHoobpasve paunoHa, NUTaHWe XeHLUWH, CTyAeHTbl
YHUBEPCUTETOB, MakncraH

Contexte

L'insécurité alimentaire (IA) a des effets néfastes a long terme sur le développement
physique et intellectuel, entrainant malnutrition et carences en micronutriments. La
présente étude a évalué l'insécurité alimentaire des ménages (IAM) et son association
avec les scores de diversité alimentaire sur 24 heures (SDA) chez les étudiantes
universitaires de Karachi.

Méthodes

Nous avons utilisé un échantillonnage consécutif non probabiliste dans une grande
université publique de Karachi, au Pakistan, pour cette étude transversale. L'étude a porté
sur des étudiants de premier cycle et de troisieme cycle agés de 18 a 26 ans. Le
questionnaire standardisé de l'USAID « Household Food Insecurity Access Scale » (échelle
d'acces a l'insécurité alimentaire des ménages) a été utilisé pour évaluer l'lA. Une ANOVA
unidimensionnelle bivariée et des modéles de régression logistique et des moindres
carrés ordinaires multivariables ont été appliqués pour examiner la relation entre la
gravité de ['HFI et le DDS continu et le faible DDS (<5 groupes alimentaires).

Résultats

Nous avons analysé 311 étudiantes ; 26,5 % (IC a 95 % : 22,0-31,5) ont connu un certain
degré d'insécurité alimentaire. La gravité de |'HFI n'était pas indépendamment associée a
la DDS aprés ajustement (DDS moyenne : 6,35 + 1,86 ; B ajusté = -0,08, 1C a 95 % : -0,27 a
0,12;p=0,43).

Conclusions

Bien que l'insécurité alimentaire soit courante, elle n'était pas indépendamment associée
a la diversité alimentaire aprés ajustement. Des programmes ciblés d'éducation
nutritionnelle et de subventionnement des repas pourraient encore atténuer le risque
résiduel. Les politiques des campus doivent intégrer un soutien financier a l'éducation afin
de s'attaquer aux obstacles non économiques a la qualité de l'alimentation.

Mots clés
insécurité alimentaire, diversité alimentaire, nutrition des femmes, étudiantes
universitaires, Pakistan

Antecedentes

La inseguridad alimentaria (IA) tiene efectos perjudiciales a largo plazo sobre el desarrollo
fisico e intelectual, lo que da lugar a malnutricién y deficiencias de micronutrientes. El
presente estudio evalud la inseguridad alimentaria en los hogares (IAH) y su asociacién
con las puntuaciones de diversidad alimentaria (PDA) en 24 horas entre las estudiantes
universitarias de Karachi.

Métodos

Para este estudio transversal, se empled un muestreo consecutivo no probabilistico en
una gran universidad publica de Karachi, Pakistan. El estudio incluy6 a estudiantes de
grado y posgrado de entre 18 y 26 afios. Se utilizd el cuestionario estandarizado de la
USAID «Escala de acceso a la inseguridad alimentaria en los hogares» para evaluar la IA. Se
aplicaron modelos ANOVA unidireccionales bivariados y modelos multivariables de
minimos cuadrados ordinarios y regresion logistica para examinar la relacion entre la
gravedad de la HFl y la DDS continua y la DDS baja (<5 grupos de alimentos).

Resultados

Analizamos a 311 estudiantes universitarias; el 26,5 % (IC del 95 %: 22,0-31,5)
experimentaba algun grado de inseguridad alimentaria. La gravedad de la HFI no se asocié
de forma independiente con la DDS después del ajuste (DDS media: 6,35 * 1,86; B ajustada
=-0,08, IC del 95 %: -0,27 a 0,12; p = 0,43).

Conclusiones

Aunque la inseguridad alimentaria era comun, no se asocié de forma independiente con la
diversidad alimentaria tras el ajuste. Los programas especificos de educacién nutricional y
de comidas subvencionadas podrian mitigar el riesgo residual. Las politicas del campus
deben integrar el apoyo financiero con la educacién para abordar las barreras no
econdmicas que afectan a la calidad de la dieta.
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