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Rationale: Food insecurity (FI), hazardous alcohol consumption (HAC), and poor mental health are common
among people with tuberculosis (TB), yet empirical evidence on their interrelationships remains limited.
Objective: We evaluated the effect of FI on HAC and psychological well-being among people with pulmonary TB
in Kampala, Uganda.

Methods: We collected data across five TB clinics and constructed a quasi-experimental design. FI was the
exposure, measured using the FI Experience Scale (FIES). FIES scores range between 0 and 8, and individuals
were classified as food insecure if they scored > 4. The primary outcome was HAC, assessed using the Alcohol
Use Disorders Identification Test (AUDIT) tool. Participants with AUDIT scores > 16, indicating high-risk
drinking or possible alcohol dependence, were categorized as having HAC. The secondary outcome was psy-
chological well-being measured using the World Health Organization’s Five Well-Being Index, with a total score
of <15 indicating poor psychological well-being. We used doubly robust estimation to report causal risk ratios
(RR) and 95 % confidence intervals (CI).

Results: Of 818 participants, 475 (58.1 %) were from food-insecure households, 153 (18.7 %) had HAC, and 316
(38.6 %) had poor psychological well-being. FI was independently associated with HAC (RR 1.43, 95 % CI:
1.21-1.69), but not poor psychological well-being (RR 1.06, 95 % CI: 0.81-1.37).

Conclusion: FI is associated with a higher likelihood of HAC but not psychological well-being among people with
TB in Kampala, Uganda. Given their high prevalence, there is a need to address food insecurity, HAC, and poor
psychological well-being within TB control programs.

1. Introduction disease progression. It also contributes to poor treatment adherence and

worse TB treatment outcomes. In turn, TB exacerbates food insecurity by

Food insecurity encompasses a lack of availability or access to food of
sufficient quality and quantity [1], and is increasingly recognized as a
social determinant of health [2]. Food insecurity is prevalent among
people with tuberculosis (TB) [3], and studies have linked it to a higher
risk of infectious and non-infectious diseases. Food insecurity is associ-
ated with an increased likelihood of TB disease [4], diabetes mellitus
[5], and major depression [6]. A systematic review showed that a strong
bidirectional relationship exists between food insecurity and TB. Food
insecurity increases vulnerability to TB by weakening the immune sys-
tem through undernutrition, which raises the risk of TB infection and

reducing income and increasing healthcare costs [1].

Food insecurity has also been linked to mental health outcomes. It
has been associated with a nearly five-fold increase in the odds of
depression among people with TB [7]. In Botswana, a cross-sectional
study found that food-insecure newly diagnosed individuals with TB
were more likely to experience depression and anxiety compared to their
food-secure counterparts [8]. Yet poor mental health is a known risk
factor for TB disease [9], suggesting a potential syndemic interaction
between food insecurity, mental health, and TB. In addition to mental
health outcomes, food insecurity may be associated with psychological
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well-being, but data on this subject are limited. For instance, food
insecurity may contribute to maladaptive coping behaviours such as
harmful alcohol use among people with TB, and existing evidence sug-
gests a possible connection [10]. In Ethiopia, food insecurity was shown
to be associated with substance use—alcohol and drug use—among
people with TB [11]. In general, very few studies have examined this
relationship. Yet these studies did not directly assess the causal rela-
tionship between food insecurity and harmful alcohol consumption.

Although there is limited evidence to link food insecurity and
harmful alcohol use, the plausibility of the association may be through
mechanisms of stress and maladaptive coping. We hypothesize that
unreliable access to food may lead to psychological strain, triggering
alcohol abuse to mask emotional distress. Over time, the alcohol use
may escalate to harmful consumption, complicating TB care and re-
covery. This gap in evidence constrains the development of holistic in-
terventions that address both the clinical and psychosocial needs of
people with TB.

To address the gap, we evaluated the effect of food insecurity on both
hazardous alcohol consumption and psychological well-being among
people with drug-susceptible pulmonary TB across five health facilities
in Kampala, Uganda. The findings will inform integrated models for TB
care that incorporate routine screening for alcohol use disorder and
targeted interventions for food insecurity and mental health, particu-
larly in resource-limited, high-TB-burden settings such as Uganda.

2. Methods
2.1. Data source

We analyzed data from a cross-sectional study that investigated the
prevalence of malnutrition and its associated factors across five public
health facilities in Kampala, the capital city of Uganda [12]. The sites
have been described in past studies [13,14] and provide TB care per the
national guidelines. From these sites, 818 (99.5 % response rate) in-
dividuals with drug-susceptible pulmonary TB were enrolled in the
cross-sectional study. The sample size was powered to detect a 10 %
absolute difference in malnutrition prevalence between people with TB
who smoke and those who do not, assuming a 53.6 % prevalence among
smokers, 80 % power, and a two-sided alpha of 0.05 using a Chi-square
test. The participants had either a clinically diagnosed or bacteriologi-
cally confirmed pulmonary TB, and were treated with the standard six-
month anti-TB regimen: rifampicin (R), isoniazid (H), pyrazinamide (Z),
and ethambutol (E) for two months and then rifampicin and isoniazid for
four months (2RHZE/4RH).

Data collected included a range of factors: personal factors such as
age, sex, marital status, educational level, employment status, and socio-
economic status (SES); clinical factors such as TB treatment history,
human immunodeficiency virus (HIV) serostatus, anti-TB regimen, body
mass index (BMI); psychosocial factors like psychological well-being and
TB-related stigma; behavioral factors, namely smoking, alcohol con-
sumption, household violence; and dietary factors such as dietary di-
versity, feeding problems, and food insecurity.

Alcohol consumption was assessed using the Alcohol Use Disorders
Identification Test (AUDIT) tool, with scores ranging from 0 to 40.
Alcohol consumption score of 0-7 indicated low risk, 8-15 increasing
risk, 16-19 high risk, and >20 possible dependence. Psychological well-
being was measured using the World Health Organization (WHO) Five
Well-Being Index over the past two weeks. The overall score was 0-20,
with a total score of >15 suggesting good psychological well-being, and
below 15 indicating poor psychological well-being.

Food insecurity was measured using the Food Insecurity Experience
Scale (FIES), the global reference scale developed by the Food and
Agriculture Organization (FAO). The FIES questionnaire consisted of
nine items, each scored 1 for a positive response and 0 for a negative
response. Total scores ranged from O to 8, with 0-3 indicating no or only
mild food insecurity, 4-6 moderate food insecurity, and 7-8 severe food
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insecurity. For this study, participants with FIES scores of 0-3 were
classified as food secure, while those who scored 4-8 were considered
food insecure.

2.2. Study design and population

We used a quasi-experimental study design since food insecurity, as
the primary exposure, cannot be randomly assigned to the participants.
Instead, using existing observational data, participants were categorized
as food secure or food insecure. The lack of randomization introduces
selection bias and confounds the exposure and outcome relationship. To
address the limitations, we employed doubly robust estimation, a causal
inference method that combines both the inverse probability of treat-
ment weighting (IPTW) using propensity scores to balance observed
covariates between the exposed and unexposed groups with an outcome
regression model [15]. This approach ensures an unbiased estimation of
the exposure-outcome relationship if at least one model is correctly
specified, but not necessarily both. The approach improves causal
inference by emulating a randomized trial since systematic differences
between the groups are removed. Overall, the approach strengthens the
validity of cause-effect estimates.

2.3. Variables and measurements: Exposure and outcomes

The exposure was food insecurity, with individuals categorized as
food-insecure (exposed) or food-secure (unexposed) based on estab-
lished cut-offs on the FIES scale. The primary outcome was hazardous
alcohol consumption based on AUDIT scores. Individuals with scores of
16 or higher comprised the hazardous alcohol consumption group, while
those with scores below 16 formed the non-hazardous alcohol con-
sumption category. This threshold reflects a focus on more severe pat-
terns of alcohol use than typically captured by standard lower cut-offs,
allowing the identification of individuals with more severe or clinically
significant alcohol-related risk. The secondary outcome was psycho-
logical well-being, dichotomized into good or poor well-being based on
a validated cut-off on the WHO Five Well-Being Index. The reference
category for the outcome was good psychological well-being.

The covariates included age, sex, marital status, educational level,
employment status, TB treatment history, type of anti-TB regimen,
household violence, dietary diversity, TB-related stigma, alcohol con-
sumption, cigarette smoking, chronic disease, feeding problems, HIV
serostatus, and health facility level.

2.4. Statistical analysis

Analysis was performed in R version 4.0.2. We derived SES using
Multiple Correspondence Analysis of 15 binary household asset vari-
ables and categorized participants into low, moderate, and high SES
based on normalized tertile scores. In descriptive analysis, categorical
variables like sex were summarized using frequencies and percentages.
To evaluate the effect of food insecurity on psychological well-being, we
applied doubly robust estimation using augmented inverse probability
treatment weighting. This approach combined both a propensity score-
based exposure model and an outcome regression model, ensuring un-
biased effect estimation if either model was correctly specified, but not
both [16]. The covariates were selected based on prior studies and
expert knowledge, ensuring they were pre-exposure variables to avoid
adjusting for post-treatment confounders. The exposure model was a
logistic regression estimating the probability of experiencing food
insecurity as a function of the relevant covariates. From the exposure
model, propensity scores were predicted, and inverse probability of
treatment weights (IPTW) were used for weighting the groups based on
the propensity scores. The exposed group was weighted using the in-
verse of the propensity scores (1/propensity score) while the unexposed
group was weighted using 1/(1-propensity score). This created a
pseudo-population where the covariates were balanced between the



J. Izudi et al.

groups. Covariate balance was assessed using absolute standardized
mean differences (SMD), with values < 0.1 indicating balance. Addi-
tionally, propensity score histograms were plotted and visually inspec-
ted to assess the overlap between groups. A distributional similarity in
propensity scores confirmed the balance. Conversely, the outcome
model was a generalized estimating equation (GEE) for the outcome and
covariates within each exposure group—we fit two outcome regression
models. The GEE employed an exchangeable correlation structure and a
log link function with the family as a Poisson distribution, adjusted for
clustering at the health facility level. Counterfactual outcomes were
predicted separately for the exposed and unexposed groups. We then
combined the IPTW-weighted exposure model and the covariate-
adjusted outcome model to compute the average causal effect (ACE)
for each exposure group based on the potential outcomes framework.
Finally, the effect of food insecurity on the primary and secondary
outcomes was reported as the causal risk ratio (RR) and 95 % CI. The
causal RR is a relative measure of the ACE.

3. Human subjects

Ethical approval was obtained from the Clarke International Uni-
versity Research Ethics Committee (CIU-REC, reference number
CLARKE-2024-1100, dated July 23, 2024). Administrative clearance
was provided by the Kampala Capital City Authority Directorate of
Public Health and Environment (reference number DPHE/KCCA/1301/
01, dated Aug 13, 2024). Participants provided written informed
consent.

3.1. Reporting of findings

Findings are reported following the improving the reporting quality
of nonrandomized evaluations of behavioral and public health in-
terventions: The TREND statement.

4. Results
4.1. Participant characteristics

We studied 818 participants (Table 1), and they were mostly aged >
25 years (62.6 %) and slightly more than half were males (52.9 %). Also,

60.4 % had reached secondary school education or higher, 68.7 % were
married, and they were equally distributed across the three SES strata.

Table 1
Participant characteristics.

Variables Level Overall (n = 818)
Health facility Kisenyi Health Centre IV 202 (24.7)
Kawaala HC IIT 180 (22.0)
Komamboga HC III 180 (22.0)
Kitebi HC IIT 180 (22.0)
Kisugu HC III 76 (9.3)
Age categories (years) <25 306 (37.4)
>25 years 512 (62.6)
Sex Male 433 (52.9)
Female 385 (47.1)
Educational level Primary or None 324 (39.6)
Secondary and above 494 (60.4)
Marital status Married 562 (68.7)
Not married 256 (31.3)
SES Low 283 (34.6)
Moderate 280 (34.2)
High 255 (31.2)
Employment status None 312 (38.1)
Small-scale business 506 (61.9)
Cigarette smoker Yes 109 (13.3)
No 709 (86.7)
TB treatment history New 435 (53.2)
Previously treated 383 (46.8)
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About 43.4 % fell in the increasing-risk alcohol consumption category,
13.3 % were cigarette smokers, and 53.2 % were newly diagnosed with
pulmonary TB.

4.2. Covariate balance before and after IPTW

Table 2 presents the covariate balance before and after applying
IPTW, assessed using SMDs. Before IPTW, substantial imbalance was
observed across several covariates, including study sites (health facil-
ities), employment status, and SES, with SMDs exceeding the conven-
tional threshold of 0.1. Age categories (SMD = 0.066) and level of
education (SMD = 0.083) demonstrated marginal imbalance, suggesting
near but not complete balance before weighting. After IPTW, all SMDs
were < 0.1, suggesting that excellent covariate balance across the
exposure groups had been achieved.

4.3. Effect of food insecurity on hazardous alcohol consumption and
psychological well-being

Table 3 presents differences in hazardous alcohol consumption and
psychological well-being by food insecurity status. Additionally, the
table shows the effect of food insecurity on hazardous alcohol con-
sumption and psychological well-being. Of the 818 participants, 153
(18.7 %) had hazardous alcohol consumption, while 316 (38.6 %) had
poor psychological well-being.

In Table 3, the prevalence of hazardous alcohol consumption was
significantly higher among food-insecure individuals (21.3 %)
compared to those who were food-secure (15.2 %) (P = 0.034). Addi-
tionally, a slightly lower proportion of food-insecure individuals had
good psychological well-being compared to food-secure individuals:
59.6 % vs. 63.8 %, respectively (P = 0.244). The estimated causal RR for
food insecurity on hazardous alcohol consumption was 1.43 (95 % CL:
1.21-1.69), and that on poor psychological well-being was 1.06 (95 %
CI: 0.81-1.37).

Table 2

Covariate balance before and after IPTW.
Covariate balance before IPTW Exposed Unexposed SMD
Variables Mean SD Mean SD
Health facility 2.34 1.25 2.85 1.30 —0.39
Age categories 1.65 0.48 1.62 0.49 0.07
Sex 1.47 0.50 1.47 0.50 —0.01
Level of education 1.63 0.48 1.59 0.49 0.08
Employment status 1.66 0.47 1.60 0.49 0.12
Socioeconomic status 1.86 0.79 2.01 0.82 -0.19
Household violence 1.60 0.49 1.62 0.49 —0.05
Cigarette smoker 1.34 0.48 1.36 0.48 —0.04
History of TB treatment 1.72 0.45 1.74 0.44 —0.05
Chronic disease 1.86 0.35 1.87 0.34 —0.03
Feeding problems 1.46 0.50 1.47 0.50 —0.02
Covariate balance after IPTW
Variables Mean SD Mean SD SMD
Health facility 2.36 1.24 2.36 1.25 <0.01
Age categories 1.65 0.48 1.65 0.48 <0.01
Sex 1.47 0.50 1.46 0.50 0.01
Level of education 1.63 0.48 1.63 0.48 <0.01
Employment status 1.66 0.48 1.65 0.48 <0.01
Socioeconomic status 1.87 0.79 1.86 0.80 0.01
Household violence 1.60 0.49 1.59 0.49 0.01
Cigarette smoker 1.35 0.48 1.34 0.48 0.01
History of TB treatment 1.72 0.45 1.72 0.45 —0.01
Chronic disease 1.86 0.35 1.86 0.35 0.01
Feeding problems 1.46 0.50 1.46 0.50 0.01

Note: SMD < 0.1 suggests a balanced covariate; SD denotes the standard
deviation.
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Table 3
Effect of food insecurity on hazardous alcohol consumption and psychological
well-being.

Food insecurity

Level No (n = Yes (n = P- Causal effect of
343) 475) value food insecurity
Hazardous alcohol RR (95 % CI)
consumption
No 291 374 0.034 1
(84.8) (78.7)
Yes 52(15.2) 101 1.43*** (1.21-1.69)
(21.3)
Psychological RR (95 % CI)
wellbeing
Good 219 283 0.244 1
(63.8) (59.6)
Poor 124 192 1.06 (0.81-1.37)
(36.2) (40.4)

Note: RR: Causal risk ratio are exponentiated coefficients; 95 % confidence in-
tervals are in brackets; Statistical significance codes at 5 % level: *** p < 0.001,
** p < 0.01, p<*0.05.

5. Discussion

In this study, we evaluated the effect of food insecurity on hazardous
alcohol consumption and psychological well-being among people with
drug-susceptible pulmonary TB across five health facilities in Kampala,
Uganda. We found that food insecurity was significantly associated with
a higher likelihood of hazardous alcohol consumption. However, its
association with psychological well-being was only modest and not
statistically significant.

Our finding that food insecurity is associated with a higher likelihood
of hazardous alcohol consumption aligns with our hypothesis and theory
of change. This relationship may operate through multiple pathways.
For example, food insecurity can cause chronic stress, prompting some
people with TB to use alcohol as a coping mechanism for emotional
distress [17]. Another possible explanation for our finding is that alcohol
is widely consumed in the general population. Uganda has one of the
highest alcohol consumption rates in Africa, with an annual per capita
intake of 12.2 L—nearly double the regional average of 6.3 L [18]. In
this context, alcohol is widely available, and social norms often
encourage sharing and gifting alcohol among peers. As a result, easy
access to alcohol, coupled with psychosocial stressors, may predispose
people with TB to hazardous alcohol use as a coping mechanism.
Moreover, many TB programs lack routine alcohol screening and
intervention services, potentially delaying the identification and support
of individuals with harmful alcohol use. Therefore, a combination of
factors increases the likelihood of hazardous alcohol consumption
among people with TB who experience food insecurity.

Relatedly, A study among people with HIV, regardless of TB status,
found that food insecurity was associated with a higher likelihood of
hazardous alcohol consumption, although the association was not sta-
tistically significant [19]. Compared to our study, this previous research
involved a smaller sample size and likely included fewer individuals
with TB. Nevertheless, it provides contextual evidence supporting a
potential link between food insecurity and hazardous alcohol use. Two
South African studies conducted in non-TB populations also reported a
link between food insecurity and hazardous alcohol consumption
[20,21].

Although food insecurity has only a modest and statistically
nonsignificant association with the likelihood of poor psychological
well-being, the directionality of the relationship holds substantial clin-
ical and public health significance. This is because of the potential im-
plications of food insecurity for mental health interventions in TB care.
The probable increase in the risk of poor psychological well-being,
although not significant, may be explained by stress associated with
uncertainty about food availability. People with TB who experience food
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insecurity are more likely to report psychological health challenges,
such as depression and anxiety, associated with food search. We did not
collect data on depression and anxiety, and hence cannot verify these
findings. However, evidence from a systematic review and meta-analysis
showed that food insecurity increases the risk of depression by nearly
1.5-fold and stress by 34 %, but the effect on anxiety was not significant
[22]. The observed trend toward increased risk of poor psychological
well-being warrants further investigation, perhaps using large sample
sizes from longitudinal studies. This is because food insecurity has the
potential to contribute to psychological distress, which then suppresses
appetite and leads to energy imbalance and undernutrition. Given that
undernutrition reduces sputum smear conversion and treatment success
rates among people with pulmonary TB [23], the need to tackle food
insecurity cannot be overemphasized.

5.1. Implications of findings

Our finding has important implications for TB program design. It
highlights the need for integrated public health strategies that simulta-
neously address food insecurity, alcohol consumption, and psychologi-
cal well-being. Effective TB care should integrate alcohol screening and
treatment interventions, access to nutritious food, and mental health
support for individuals experiencing food scarcity. This will go a long
way in improving the nutritional status of people with TB, including
treatment outcomes and quality of life. Ultimately, this may contribute
to the 2035 WHO End TB goals—reducing TB deaths by 95 %, reducing
TB incidence by 90 %, and reducing catastrophic costs incurred by
people with TB and affected families to 0 % [24].

6. Study strengths and limitations

This study has some important strengths. Few studies have explored
the causal relationship between food insecurity, alcohol consumption,
and psychological well-being. Our findings contribute to this evolving
evidence base. We applied a doubly robust estimation approach—a
rigorous causal inference method that yields consistent results provided
only one of the models is correctly specified, but not necessarily both
[15]. The large sample size enhanced the precision of the causal esti-
mates. Also, the use of robust analytical methods and standardized in-
struments for key measures—food insecurity, psychological well-being,
and alcohol use—strengthened the internal validity. However, there are
some limitations. The cross-sectional design limits the interpretation of
the causal inference, as temporality cannot be fully established. Reverse
associations between food insecurity and hazardous alcohol consump-
tion or psychological well-being are possible. Nevertheless, food inse-
curity is a biologically and socially plausible determinant of alcohol
consumption and psychological well-being and may also precede both
outcomes. Residual confounding may persist due to unmeasured vari-
ables such as dietary behaviors, food types and quantities, religion, and
medication side effects, among others. Psychological well-being was
assessed using the WHO Five Well-Being Index, and alcohol consump-
tion was measured with the AUDIT tool. Although both tools are widely
used and validated for screening, the self-reported nature of the data
introduces potential recall and reporting biases, which may limit the
precision of estimated associations and preclude causal inference. Also,
the screening might have led to an overestimation because a single tool
was used. A sequential or parallel use of a diagnostic tool would have
improved the accuracy of the measure. We applied a more stringent
definition of hazardous alcohol consumption, targeting individuals at
greater clinical risk due to more severe patterns of alcohol use. The study
was conducted in a predominantly urban setting, so the findings may not
fully generalize to rural populations, where food access, dietary pat-
terns, and socioeconomic conditions differ. Future research should
adopt longitudinal study designs and include diverse geographic settings
to better clarify the complex relationships between food insecurity and
psychological health among people with TB. There are also
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methodological limitations that should be considered. We used doubly
robust estimation to reduce confounding, but it cannot fully eliminate
bias from unmeasured confounders. IPTW can be sensitive to propensity
scores close to 0 or 1, potentially producing unstable weights [15].
Alternative weighting methods, such as standardized mortality ratio
weighting or weighted odds ratios, have been recommended, but they
also have limitations related to assumptions, interpretability, and
sensitivity to model specification [25-27].

7. Conclusion and recommendations

Food insecurity has a strong and significant association with a higher
likelihood of hazardous alcohol consumption, but it was not signifi-
cantly related to poor psychological well-being among people with TB in
Kampala, Uganda. Nevertheless, the direction and magnitude of the
observed association with poor psychological well-being highlight its
clinical and public health relevance. This finding suggests a potential
need to address food insecurity as a risk factor for hazardous alcohol
consumption and a possible influencer of mental well-being, across TB
programs as outlined in Pillar 2 of the WHO End TB Strategy. Future
research should design longitudinal studies to examine causal relation-
ships and inform the development of sustainable, context-specific stra-
tegies to reduce the psychological burden of food insecurity.
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