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Background: Research indicates that educational interventions are effective in promoting adherence to iron-folic acid (IFA)
supplementation during pregnancy. However, evidence from Afghanistan remains limited. This study aimed to assess the effect of
a Health Belief Model (HBM)-based educational intervention on IFA supplement intake and related perceptions among pregnant
women in Southern Afghanistan.

Methods: A quasi-experimental study was conducted among 182 pregnant women attending four purposively selected healthcare centers
between 10 December 2025 and 10 March 2026. Participants were non-randomly assigned to the intervention (n=91) or the control (n =91)
group. The intervention consisted of HBM-based educational sessions, while the control group received routine antenatal care. Outcomes
included self-reported weekly IFA supplement intake, HBM construct scores, and hemoglobin level, measured at baseline and post-
intervention. Data were analyzed using chi-square tests, t-tests, and Generalized Estimating Equations (GEE).

Results: After follow-up, 177 participants (intervention=89; control=88) were included in the analysis. The intervention was
associated with a significant increase in weekly IFA supplement intake (B = 1.93, p < 0.001). Significant improvements were also
observed in perceived benefits (B = 5.37), susceptibility (B = 3.16), severity (f = 2.18), self-efficacy (B = 3.61), and cues to action
(B =2.58) (all p<0.001), while perceived barriers decreased significantly (f = —5.99, p < 0.001). On the other hand, the intervention
effect on hemoglobin levels was not statistically significant, but the mean hemoglobin concentration (g/dl) in the intervention group
(11.23 + 1.04) was higher than in the control group (10.88 + 1.20).

Conclusion: The HBM-based educational intervention was associated with improved IFA supplement intake and favorable changes in
health beliefs among pregnant women in Southern Afghanistan. These findings support the potential value of theory-driven educa-
tional interventions to promote maternal nutrition behaviors in low-resource settings.
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Introduction

Iron deficiency is the most prevalent nutritional deficiency worldwide and the leading cause of anemia in pregnant women.'
During pregnancy, increased physiological demands for iron and other micronutrients place women at heightened risk of
deficiency, making iron—folic acid (IFA) supplementation a critical intervention for the prevention and management of
anemia.” Despite global efforts, anemia continues to affect a substantial proportion of women of reproductive age, particularly
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in low- and middle-income countries (LMICs).>* In 2021, the prevalence of anemia among women of reproductive age was
highest in sub-Saharan Africa and South Asia, reaching 47.4% in western sub-Saharan Africa and 35.7% in South Asia.*
Globally, an estimated 36.5% of pregnant women were anemic in 2019.’

Anemia in pregnant women is linked to poor birth outcomes, including low birth weight and preterm delivery, as well
as increased maternal complications such as inadequate weight gain, placental issues, and a higher risk of maternal
mortality.”’ Additionally, it poses significant health risks for newborns, leading to premature birth, growth restrictions,
and anemia, ultimately affecting cognitive development and productivity in adults.® Anemia during pregnancy also plays
a role in perpetuating cycles of inadequate growth and cognitive difficulties across generations in populations.’

To mitigate the effects of anemia, the World Health Organization (WHO) advises the adaptation of daily or intermittent
oral IFA supplementation,” and the promotion of essential nutrition actions.'® This should be complemented by multisectoral
collaboration to implement both nutrition-sensitive and specific interventions, including health education. Such a holistic
strategy is particularly suitable for LMICs in order to achieve the United Nations (UN) Sustainable Development Goals
(SDGs) and global nutrition targets.''

Afghanistan faces a complex nutritional landscape shaped by decades of conflict, economic instability, food insecurity, and
limitations in health service delivery. Evidence suggests that structural and policy-level factors, including poverty, gender
inequality, limited access to education, and weaknesses in health and nutrition systems, contribute substantially to the high
burden of malnutrition among Afghan women.'>'® These challenges increase women’s vulnerability to micronutrient
deficiencies, particularly during pregnancy.

Although IFA supplementation programs are implemented in many countries, including Afghanistan, adherence to
IFA supplementation during pregnancy remains suboptimal in several LMICs."* According to the Afghanistan Health
Survey 2018 (AHS 2018), 46.8% of women received IFA supplement during their most recent pregnancy.'> Evidence
from southern Afghanistan identified multiple barriers to IFA adherence among pregnant women, including inadequate
knowledge about anemia and IFA supplementation, fear of side effects, forgetfulness, inconsistent counseling, family
influences, and challenges related to access to health services.'® These findings indicate that behavioral and informational
barriers continue to impede optimal IFA utilization despite the availability of supplementation programs.

Nutrition education and counseling are commonly employed strategies to enhance maternal nutritional health during
pregnancy.'” Research indicates that health education interventions are effective in increasing awareness about anemia and
promoting adherence to IFA supplementation during pregnancy.'®'” Community-based programs in countries such as
Cambodia, Vietnam, and Kenya have demonstrated improvements in knowledge and IFA-related practices.”™*'
Furthermore, systematic reviews indicate that educational interventions are effective in promoting adherence to IFA
supplementation in resource-limited settings.?

The health belief model (HBM) is a theoretical framework that examines how individual perceptions can influence health-
related decision-making and behaviors. According to Rosenstock, the HBM includes several perceptual components,
including perceived susceptibility, severity, cues to action, benefits, barriers, and self-efficacy. The model suggests that
individuals who perceive themselves as vulnerable to a disease and recognize the seriousness of its consequences are more
likely to adopt preventive health behaviors.”> 2® In Afghanistan, these behavioral determinants are particularly relevant, as
women’s limited knowledge and misconceptions about anemia and IFA use directly affect adherence.'®?’ HBM-based
interventions can therefore address these barriers by improving risk perception, reinforcing benefits, reducing perceived
barriers, and strengthening self-efficacy through targeted education and counseling.

Access to antenatal care (ANC) services represents another important determinant of maternal health behaviors in
Afghanistan.”® Recent studies from Kandahar province reported suboptimal utilization of ANC services and identified factors
such as maternal education, socioeconomic status, awareness of pregnancy-related health issues, and accessibility of
healthcare services as important determinants of ANC attendance.”** Because ANC visits provide a major platform for
delivering nutrition education and IFA supplement, delayed initiation or inadequate utilization of ANC services may further
reduce opportunities for promoting adherence to IFA supplementation.

Despite evidence on barriers to IFA use and ANC utilization in Afghanistan, research evaluating theory-based interven-
tions remains limited. In particular, no published study has assessed an HBM-based educational intervention to improve IFA
supplementation among pregnant women in southern Afghanistan. Existing studies have mainly focused on describing
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barriers rather than testing behavioral interventions.'®*® Therefore, this study aimed to evaluate the effect of an HBM-based
educational intervention on IFA supplement intake and perceptions toward IFA supplements among pregnant women in
southern Afghanistan.

Methods
Study Design and Settings

In this quasi-experimental study, we assessed the effectiveness of an HBM-based educational intervention on IFA
supplement intake, perceptions related to IFA supplements, and hemoglobin level among pregnant women in
Kandahar, Southern Afghanistan. The study was conducted from 10 December 2025 to 10 March 2026 at four
purposively selected comprehensive healthcare centers (CHCs) in Kandahar, Southern Afghanistan. The CHCs provide
free services in maternal and child health, communicable disease control, and other primary healthcare for the popula-
tions in their catchment areas. Moreover, all pregnant women are provided with free IFA supplements during their ANC
visits at these health facilities. The selected CHCs represented both urban and rural populations and were chosen to
ensure comparable levels of healthcare services, staffing, and implementation of ANC programs.

Study Population and Eligibility Criteria

The study population consisted of all pregnant women attending ANC services at pre-designated study sites. Eligibility
criteria included being at least 18 years of age, below 16 weeks in their pregnancy gestation, and having received IFA
supplements within 1 week prior to inclusion in the study. Women who were severely ill, experiencing acute mental
distress, or unwilling to provide informed consent were excluded.

Sample Size and Sampling Procedures
The required sample size was computed using the formula for a two-group mean comparison,'>*'=*! with the mean IFA
supplement intake as the primary outcome. We assumed 1.5 tablets mean difference in IFA supplement intake between the two
groups, with the standard deviation (SD) was assumed to be 2.75 in both groups.'® After adjusting for 10% non-response rate
and 30% lost to follow-up, the final sample size was 182 (intervention=91; control=91) at 5% of significance level and 80%
power. Taking these considerations into account, the sample size calculation was done using EPI-INFO Version 7.2.
Participants were recruited consecutively at each study site by trained data collectors after obtaining informed consent. All
recruited participants were in the first trimester of their pregnancy. Baseline data were collected using a structured ques-
tionnaire. Following baseline assessment, participants were non-randomly assigned to either the intervention or control group
based on study site (two CHCs served as the intervention sites and the other two as the control sites) to minimize
contamination between groups. Endline data were collected one week after completion of the intervention (Figure 1).

Intervention
Development of Educational intervention
The health education intervention was conceptually grounded in the HBM model to enhance IFA supplement intake,
foster a proactive and healthy behavior toward IFA supplement intake, and address common barriers and misconceptions
surrounding IFA supplementation.'®

The educational intervention was developed by a multidisciplinary team comprising the principal investigator, public
health experts, senior midwives and nurses, and specialists in experimental studies. To ensure cultural relevance, the
educational content was tailored by integrating local norms and practices. As shown in Table 1, the educational contents
incorporated constructs such as perceived benefits, susceptibility, severity, self-efficacy, cues to action, and barriers to
tailor intervention to the cultural context of Afghanistan.'® After the development phase, the educational materials were
translated from English into Pashto (the national language) by bilingual public health translators. Prior to the study, the
educational materials were pilot-tested among pregnant women at Kandahar Teaching Hospital to ensure their clarity and
understandability. Feedback from the pilot testing was used to refine and finalize the educational materials.
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Figure | Flow diagram of participant enrollment, allocation, follow-up, and analysis.
Notes: A total of 182 pregnant women were assessed for eligibility. After allocation was done non-randomly and by facility type, 91 participants were assigned to each
group. During follow-up, 2 participants in the intervention group and 3 in the control group were lost. Final analysis included 89 and 88 participants in the intervention and

control groups, respectively.

Delivery of the Intervention
The intervention was delivered by six qualified midwives as co-facilitators. Prior to the delivery of the intervention, the
co-facilitators underwent rigorous training. The program, which lasted three months and included six sessions (pregnant
women=5; spouses=1). The educational sessions were delivered face-to-face in a private setting in the health facility
every 10 days. Sessions were delivered in a group format with an average of 10 participants per group (9 groups were set
up).The intervention modules consisted of educational presentations, distribution of educational brochures, and inter-
active segments (question-and-answer session). Each session lasted 30 to 45 minutes.

To ensure intervention fidelity, all educational sessions were delivered by trained midwives who received standar-
dized training before the intervention commenced. A structured intervention manual and standardized teaching materials
were used to maintain consistency across facilitators. Attendance was recorded at each session, and the principal

investigator regularly monitored session delivery through periodic supervision.
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Table | Outline of the Educational Contents

Session | Topic Learning Objectives HBM Constructs
| Anemia, signs and symptoms, Understand anemia and high-risk groups. Perceived susceptibility
and high-risk groups Identify its signs and symptoms. Perceived severity
2 Knowledge of iron-folic acid Recognize the importance of iron-folic acid supplement intake. Perceived benefits
supplement Perceived barriers
3 Awareness on the correct use | Understand the frequency, duration, and timing of supplements Self-efficacy
of supplements intake. Cues to action
4 Guidance on mitigating the Master the mechanisms to mitigate side effects. Self-efficacy
adverse effects Cues to action
5 Importance of spousal support | Demonstrate the importance of family and spousal support in Self-efficacy
regular use of iron-folic acid intake Cues to action
Perceived barriers
6 Frequently asked questions To clarify myths and misconceptions and provide accurate Perceived susceptibility

information regarding iron-folic acid supplements.

Emphasize on regular use of iron-folic acid supplements.

Perceived severity

Perceived benefits

Perceived self-efficacy

Control Group

We thoroughly informed participants in the control group about the study and their assignment.

received routine ANC services from the health facilities.

Study Outcomes
Primary Outcomes
1. Weekly IFA supplement intake: This primary outcome measures the number of IFA tablets pregnant women have

Participants in this group

taken in the past week. This is a proxy measure for the WHO recommendations of at least taking 90 IFA tablets

during pregnancy and remains consistent with updated studies.

26,32,33

. Perception toward IFA supplements: This outcome measured six perceptions using a 5-point Likert scale adopted

from previous studies: benefits (5 statements), susceptibility (3 statements), severity (5 statements), self-efficacy
(5 statements), cues to action (4 statements), and barriers (5 statements). The scores for each statement ranged
from 1 (strongly disagree) to 5 (strongly agree). A higher score represented a higher perception. The statements

were extracted from relevant literature and were validated by three experts,'®-26-31-3473

Secondary Outcomes

1. Compliance with IFA supplementation: Pregnant women were classified as having good compliance if they

consumed at least four IFA tablets in the past week, and as having poor compliance otherwise. This definition

of compliance is aligned with most studies in LMICs.?¢-3%33-37

. Hemoglobin level: Hemoglobin level was measured using a portable device (Acon Mission Plus HB meter).

Capillary blood samples were obtained by midwives using a sterile finger-prick technique following standard
infection prevention procedures. The device was calibrated prior to usage.

Data Analysis

All analyses were carried out in Stata 18 (StataCorp, College Station, TX).*® Descriptive statistics were used to examine the

distribution of baseline characteristics of pregnant women. The chi-square test was used to assess differences in the characteristics

of pregnant women between the intervention and control groups. To compare mean changes in weekly IFA supplement intake,

perception, and hemoglobin level, an independent #-test was used, and a paired #test assessed changes within each group at
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baseline and endline. Generalized Estimating Equations (GEE) were used to examine the effect of intervention on repeated
outcome measures while accounting for within-subject correlation over time. The model included group (0 = control, 1 =
intervention), time (0 = baseline, 1 = post-intervention), and the group x time interaction. The model was adjusted for potential
confounders, including age, residence, education level, parity, employment, and income). Robust standard errors were adjusted

for clustering at the facility level. A two-sided p-value of <0.05 was considered statistically significant.

Results
Baseline Characteristics

A total of 177 pregnant women were included in the final analysis (intervention: n = 89; control: n = 88). The socio-
demographic characteristics of participants are presented in Table 2. There were no significant differences between pregnant

Table 2 Baseline Characteristics of Pregnant Women Across Intervention and
Comparison Groups

Characteristics Total Intervention Control P-values
n (%) 177 (100) n= 89 n (%) n= 88 n (%)

Women’s age (years)

18-24 68 (38.4) 41 (46.1) 27 (30.7) 0.101
25-34 75 (42.4) 34 (3822) 41 (46.6)
35.49 34 (19.2) 14 (15.7) 20 (22.7)

Women’s education

No formal education 126 (71.2) 68 (76.4) 58 (65.9) 0.268
Primary 36 (20.3) 14 (15.7) 22 (25.0)
Secondary/higher 15 (8.5) 7(7.9) 8 (9.1)

Husband education

No formal education 68 (38.4) 32 (36.0) 36 (40.9) 0.305
Primary 62 (35.0) 36 (40.4) 26 (29.5)
Secondary/higher 47 (26.6) 21 (23.6) 26 (29.5)

Women’s employment

Employed 16 (9.0) 6 (6.7) 10 (11.4) 0.284
Homemaker 161 (91.0) 83 (93.3) 78 (88.6)

Residence
Rural 81 (45.8) 39 (43.8) 42 (47.7) 0.602
Urban 96 (54.2) 50 (56.2) 46 (52.3)

Birth order
I'st child 47 (26.6) 25 (28.1) 22 (25.0) 0.642
2nd or higher child 130 (73.4) 64 (71.9) 66 (75.0)

Household monthly income (In Afghanis)

5,000-10,000 74 (41.8) 42 (47.2) 32 (36.4) 0.169

>10,000 103 (58.2) 47 (52.8) 56 (63.6)

Notes: P-values were obtained by chi-square test.
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women in the intervention and control groups in terms of age, women’s and husband’s educational level, residence, employ-
ment status, parity, and household monthly income. For instance, 7.9% of women in the intervention group had secondary or
higher education compared with 9.1% in the control group.

Changes in Weekly IFA Supplement Intake and HBM Perception Scores

As shown in Table 3, the average weekly intake of IFA supplement significantly increased in the intervention group
compared with the control group following the intervention (p <0.001). Perception scores for HBM constructs including
benefits, severity, susceptibility, efficacy, barriers, and cues to action; also showed significant improvement post-
intervention (p<0.001). Specifically, scores for benefits, severity, susceptibility, efficacy, and cues to action significantly
increased in the intervention group (p <0.001). In contrast, the scores for barriers significantly decreased in the
intervention group (p <0.001) (details in Table 3).

Table 3 Changes Over Time Between and Within Intervention and
Control Groups on Weekly Iron-Folic Acid (IFA) Supplement Intake,
Scores of Health-Belief Model (HBM) Constructs, and Hemoglobin
Level

Variables Intervention Control P-value®
n= 89 n= 88

Mean * SD Mean * SD

Weekly iron-folic acid (IFA) intake

Baseline (pre-intervention) 340 £ 1.20 3.50 = 1.45 0.336

Endline (post-intervention) 5.07 £ 1.45 361 +1.53 <0.001

P-value® <0.001 0.055

Perceived benefits

Baseline (pre-intervention) 1481 + 2.15 14.15 + 2.27 0.018

Endline (post-intervention) | 20.13 + .77 14.75 + 2.70 <0.001

P-value® <0.001 0.116

Perceived susceptibility

Baseline (pre-intervention) 821 + 1.77 891 +2.28 0.025

Endline (post-intervention) 11.81 £ 1.23 823 + 1.78 <0.001

P-value® <0.001 0.958

Perceived severity

Baseline (pre-intervention) 9.67 + 1.87 9.32 £ 1.74 0.193

Endline (post-intervention) 11.69 + 1.58 9.52 + 1.68 <0.001

P-value® <0.001 0.062

Perceived self-efficacy

Baseline (pre-intervention) 11.82 £273 11.66 £ 2.60 0.689
Endline (post-intervention) 15.44 + 2.44 11.92 £ 2.10 <0.001
P-value® <0.001 0.111
(Continued)
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Table 3 (Continued).

Variables Intervention Control P-value®
n= 89 n= 88

Mean * SD Mean * SD

Cues to action

Baseline (pre-intervention) 9.57 £ 2.12 9.70 + 1.65 0.646

Endline (post-intervention) 11.74 £ 2.74 9.53 £ 1.95 <0.001

P-value® <0.001 0.122

Perceived barriers

Baseline (pre-intervention) 18.63 £2.52 | 19.01 + 231 0.295

Endline (post-intervention) 1245 £ 334 | 1831 £2.77 <0.001

P-value® <0.001 0.660

Hemoglobin level (gr/dl)

Baseline (pre-intervention) 10.89 £ I.16 10.93 £ .24 0.722

Endline (post-intervention) 1123 £ 1.04 | 10.88 £ [.20 0.103

P-value® <0.001 0.059

Notes: “Independent t-test, ®Paired t-test.

At baseline, weekly IFA intake and most HBM construct scores were comparable between groups. However,
perceived benefits and perceived susceptibility differed significantly at baseline (p = 0.018 and p = 0.025, respectively),
and these imbalances were considered when interpreting the group-by-time estimates.

Effect of Educational Intervention on Weekly IFA Supplement Intake and Perception
The results of the Generalized Estimating Equations (GEE) analysis are presented in Table 4. After adjusting for age,
residence, education, parity, employment, and household income, the group x time interaction term indicated that the

Table 4 Changes Over Time Between and Within the
Intervention and Control Groups Using Generalized
Estimating Equations (GEE)

Variables B* 95% ClI P-value

Weekly iron-folic acid (IFA) intake

Group -0.14 | —0.51 to 0.21 0.426
Time —0.25 | —0.42 to —0.07 0.045
Group x Time 1.93 1.54 to 2.32 <0.001

Perceived benefits

Group 0.74 0.12 to 1.37 0.019

Time —0.04 | -0.48 to 0.38 0.837

Group x Time | 5.37 4.64 to 6.10 <0.001

(Continued)
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Table 4 (Continued).

Variables B* 95% CI P-value

Perceived susceptibility

Group -0.57 | —1.14 to —0.01 0.047

Time 0.36 —0.04 to 0.77 0.082

Group * Time 3.16 2.54 to 3.78 <0.001

Perceived severity

Group 0.35 —0.16 to 0.86 0.183
Time —0.17 | -0.48 to 0.14 0.287
Group x Time | 2.18 1.59 to 2.76 <0.001

Perceived self-efficacy

Group 0.23 —0.51 to0 0.99 0.540
Time —0.04 | -0.45 to 0.36 0.828
Group x Time | 3.6l 2.74 to 449 <0.001

Cues to action

Group —0.11 —0.66 to 0.43 0.684
Time —0.40 | —0.79 to —0.02 0.016
Group x Time | 2.57 1.79 to 3.35 <0.001

Perceived barriers

Group —0.36 | —1.03 to 0.29 0.279

Time -0.29 | —0.89 to 0.30 0.336

Group x Time | —5.98 | —6.92 to —5.04 <0.001

Hemoglobin level

Group —0.25 | -0.58 to 0.08 0.147
Time —0.08 | —0.15 to —0.03 0.021
Group x Time | 0.1l —0.02 to 0.23 0.102

Notes: *Beta coefficient. Analysis was adjusted for age, residence,
education level, parity, employment, and income.

intervention was associated with a significant increase in weekly IFA supplement intake compared with the control group
(B =1.93, p <0.001).

Significant intervention effects were also observed across all HBM constructs. Compared with the control group, the
intervention group showed greater increases in perceived benefits (f = 5.37), susceptibility (f = 3.16), severity (p = 2.18),
self-efficacy (B = 3.61), and cues to action ( = 2.58), along with a significant reduction in perceived barriers (f = —5.99)
(all p < 0.001).
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Figure 2 Iron-folic acid compliance levels at baseline and endline for intervention and control groups.

Compliance and Hemoglobin Levels in Intervention and Control Groups Following the

Intervention
As shown in Figure 2, there was no significant difference in compliance levels between the intervention and control
groups at baseline (48.3% vs. 47.6%, P=0.623). However, post-intervention, the intervention group reported markedly
higher compliance levels compared to control group (71.9% vs. 50.3%, P= < 0.001).

The intervention effect on hemoglobin levels was not statistically significant (Table 4). However, the mean hemo-
globin concentration (g/dl) in the intervention group (11.23 £+ 1.04) was higher than in the control group (10.88 + 1.20)
(details in Table 3).

Discussion

This study examined the effects of an HBM-based educational intervention on IFA supplement intake, perceptions related
to IFA supplements, and hemoglobin level among pregnant women in Southern Afghanistan. The findings indicate that
the intervention was associated with a significant increase in weekly IFA supplement intake, along with improvements in
multiple HBM constructs, including perceived benefits, susceptibility, severity, self-efficacy, and cues to action, and
a reduction in perceived barriers. However, the hemoglobin level increased in the intervention group compared to the
control group, but the effect was not statistically significant.

These findings are consistent with evidence from LMICs demonstrating the value of HBM-based educational
interventions in promoting health-related behaviors.>**® In this study, women in the intervention group reported higher
weekly IFA supplement intake and greater compliance compared with those in the control group. The observed group-by-
time interaction further supports the association between the intervention and improved outcomes. These results are in
line with previous studies indicating that theory-based educational interventions can enhance knowledge and influence
behavioral determinants, thereby supporting positive changes in health practices.®'~*

The improvements observed in IFA supplement intake may be partly explained by changes in health beliefs targeted by the
intervention. The HBM framework emphasizes the role of perceived susceptibility, severity, benefits, and barriers in shaping
behavior, as well as the importance of self-efficacy and cues to action. The intervention addressed these constructs through
interactive sessions, reinforcement, and engagement of spouses, which may have contributed to increased motivation and
adherence. However, as this study did not formally assess mediation pathways, these mechanisms should be interpreted with
caution. In contrast, the control group, which received routine ANC, showed relatively smaller changes in IFA supplement
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intake and compliance. While this may suggest limitations in the effectiveness of standard ANC counselling in this setting, the
study did not directly assess the quality or content of ANC services. Therefore, these findings should be interpreted cautiously.

Nonetheless, previous studies in Afghanistan have reported gaps in the quality of ANC services,***°

which may contribute to
suboptimal adherence to recommended maternal health practices. Overall, these findings suggest that theory-driven educa-
tional interventions may offer a promising approach to improving IFA supplementation behaviors among pregnant women in
resource-constrained settings. Further research is needed to evaluate the effectiveness and scalability of such interventions
across diverse populations and settings within Afghanistan.

An important contribution of this study is the examination of changes in health beliefs related to IFA supplementation.
Following the intervention, perceived benefits increased significantly in the intervention group compared with the control
group. This may be attributed to the educational content emphasizing the role of IFA supplementation in improving maternal
and neonatal health outcomes, including prevention of anemia and support for safe pregnancy and childbirth. These findings
are consistent with previous studies in LMICs demonstrating that HBM-based educational interventions can enhance
awareness of the benefits of recommended health behaviors and support improved adherence.*'*¢

In addition, the intervention group demonstrated significantly higher perceived susceptibility and severity related to
inadequate IFA supplementation compared with the control group. The educational sessions highlighted the risks and potential
consequences of non-adherence, which may have contributed to increased awareness among participants. Prior research
suggests that individuals who perceive greater susceptibility to health risks and recognize the seriousness of potential
outcomes are more likely to adopt preventive behaviors, including adherence to supplementation.”>*' These findings under-
score the importance of addressing risk perception as part of strategies to improve IFA supplementation practices.

The intervention was also associated with a significant improvement in perceived self-efficacy related to IFA
supplementation in the intervention group compared with the control group. This may be attributed to the program’s
emphasis on practical guidance, including strategies to manage common side effects and maintain regular supplement
use.'® These findings are consistent with previous studies showing that educational interventions can enhance women’s
confidence in managing their health during pregnancy and support improved utilization of maternal health services in
LMICs.***? Strengthening self-efficacy may therefore be an important pathway through which educational interventions
influence adherence to IFA supplementation.

Similarly, cues toward IFA supplement intake were significantly greater among pregnant women in the intervention
group than in the control group. Research has shown that recommendations from healthcare workers and other experts
involved in the educational sessions are important for enhancing cues to action.*' Additionally, involving spouses in one
of the education sessions may have provided additional support and positive reinforcement, thereby strengthening cues to
action for consistent IFA intake. While these findings suggest that incorporating multiple sources of cues may enhance
adherence, further research is needed to better understand the relative contribution of different types of cues in promoting
sustained supplementation behavior.

Pregnant women in LMICs often face multiple barriers to accessing and utilizing maternal healthcare services,
including challenges related to knowledge, social norms, and health system constraints.*>** Research has demonstrated
that reproductive health interventions can effectively reduce these barriers and improve service uptake.* In the current
study, perceived barriers to IFA supplement adherence were significantly lower in the intervention group than in the
control group. In justifying this finding, the educational intervention included efforts to identify obstacles to regular
intake of IFA supplements among participants and allowed the team to discuss strategies to remove these barriers.'® This
finding is consistent with earlier quasi-experimental evidence showing that educational interventions can reduce
perceived barriers and improve adherence to recommended maternal health behaviors.>® There is also evidence that
higher perceived barriers is a key predictor of poor compliance with IFA supplementation.'* While the findings suggest
that targeted education may help reduce perceived barriers, further research is needed to better understand the broader
structural, cultural, and contextual factors influencing adherence in this setting. In particular, qualitative studies could
provide deeper insights into women’s experiences and inform the development of more contextually appropriate and
acceptable interventions to promote sustained IFA supplementation in Afghanistan.

Although hemoglobin levels increased in the intervention group compared with the control group, the difference was not
statistically significant. To elaborate on this finding, the following points may be worth considering. During the second
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trimester, plasma volume increases more than red blood cell volume, leading to physiological hemodilution and a lower
hemoglobin level, even as iron status improves.*® Moreover, in women with low iron stores, the body may initially use the
supplemented iron to replenish its reserves, resulting in a delayed increase in hemoglobin that may not be immediately
observed.*’

Limitations
Our study has some limitations. First, due to the quasi-experimental design and non-random allocation of participants, the
findings may be subject to selection bias and residual confounding. Therefore, causal inferences should be made with
caution, and further evaluation through randomized controlled trials is warranted. Second, data on IFA supplement intake
and perceptions regarding IFA supplements were self-reported; therefore, they may be subject to information and social
desirability biases. In addition, no objective measures (eg., pill counts) were used to validate self-reported intake. Third,
the intervention was implemented at the facility level, and differences between study sites may have influenced the
observed outcomes, limiting the ability to fully attribute effects to the intervention alone. Fourth, additional strategies
such as community-based distribution, home visits, or mobile-based text messaging; which were not assessed in this
study, could also influence IFA supplement intake and adherence. Therefore, future research should consider these
interventional approaches. Fifth, although the intervention and control groups were comparable with respect to baseline
demographic characteristics, differences were observed in baseline levels of perceived benefits and perceived suscept-
ibility. These baseline imbalances may have introduced bias; however, their potential influence was minimized by
adjusting for repeated measures and relevant covariates in the GEE analysis. Sixth, the duration of follow-up was
relatively short, and the study did not assess the sustainability of behavioral changes over time or adherence throughout
the full course of pregnancy. Lastly, the study was conducted in selected health facilities in Kandahar, Southern
Afghanistan. Although sites were purposively selected to reflect contextual variation, findings may not be generalizable
to other regions with different sociocultural, economic, or security contexts.

Despite these limitations, this study provides important evidence on the potential role of theory-based educational
interventions in improving IFA supplementation behaviors in a fragile and resource-constrained setting.

Conclusion

This study found that an HBM-based educational intervention was associated with improved IFA supplement intake and
compliance among pregnant women in Southern Afghanistan. The intervention was also associated with favorable
changes in health beliefs, including increased perceived benefits, susceptibility, severity, self-efficacy, and cues to action,
alongside reduced perceived barriers. These findings suggest that theory-driven educational approaches may be
a promising strategy for improving maternal nutrition behaviors in resource-constrained and fragile settings. However,
given the quasi-experimental design and short follow-up period, further research, particularly randomized controlled
trials and longer-term studies, is needed to confirm effectiveness, assess sustainability, and evaluate scalability across
diverse contexts within Afghanistan.
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