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Abstract: Introduction: Anemia and undernutrition are severe public health concerns in Ethiopia.
These are the two most common nutritional disorders in pregnant women and frequently co-exist.
However, to the best of our knowledge, the evidence is lacking on the co-existence of anemia and
undernutrition among pregnant women. Therefore, this study aimed to examine the prevalence of
co-existing anemia and undernutrition (CAU) and associated factors among pregnant women.
Methods: A community-based cross-sectional study was conducted from June 1-25, 2024, on a
sample of 515 pregnant women in the Hawela Lida district of Sidama region, Ethiopia. We utilized
a multi-stage sampling method to choose eligible study participants. A pre-tested and structured
questionnaire was used to collect data via the online Open Data Kit mobile tool. We controlled the
effect of confounders and clustering by using a multi-level mixed-effect modified Poisson regression
analysis model. Result: The prevalence of CAU among pregnant women was 25.4% (95% CI: 21.9-
28.9). The prevalence of CAU was associated with household food insecurity (adjusted prevalence
ratio [APR]: 2.17; 95% CI: 1.43-3.28), training on model family (APR: 0.66; 95% CI: 0.45-0.96),
inadequate dietary diversity (APR: 1.51; 95% CI: 1.18-1.95), and having poor knowledge of nutrition
(APR: 1.55; 95% CI: 1.06-2.26) at individual levels. Low community-level women’s autonomy (APR:
6.19; 95% CI: 3.42-11.22) and community-level road accessibility (APR: 0.65; 95% CI: 0.43-0.98) were
the identified determinants of CAU at the community level. Conclusion: One in four pregnant
women was CAU in the study area. Household food insecurity, receiving model family training,
inadequate dietary diversity, having poor knowledge of nutrition, low community-level women’s
autonomy, and community-level road accessibility were the significant determinants of CAU.
Therefore, inter-sectorial collaboration should be required to comprehensively address the
determinants of CAU at different levels. Besides, any CAU prevention and intervention programs
should provide model family training specifically targeting women who have poor nutritional
knowledge and a low level of autonomy in health care decision-making.

Keywords: co-existing anemia and undernutrition; prevalence; determinants; modified Poisson
regression; multi-level analysis; Sidama region; Ethiopia

Introduction

Anemia is a global public health concern that affects 36.5% of pregnant women worldwide. This
is especially common in sub-Saharan Africa and Southeast Asia [1]. Similarly, 41% of pregnant
women are suffering from anemia in Ethiopia, which ranges from 9% in Addis Ababa to 65.9% in the
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Somali region [2]. Anemia during pregnancy is linked to negative health and socioeconomic
outcomes. Pregnant women who are anemic frequently experience decreased physical strength and
a higher risk of maternal morbidity and mortality. For instance, severe anemia increases the risk of
death by 20% [3]. Anemic pregnant mothers have a higher risk of preterm birth, fetal anemia, low
birth weight (LBW), intrauterine fetal growth restriction, decreased gestational weight gain, and
perinatal death [3-5]. Furthermore, anemia can result in a vicious cycle where a person’s ability to
work is diminished, which can have an adverse economic effect on both the individual and society
[6].

The World Health Organization (WHO) designed two broad strategies to address the issues of
anemia and undernutrition: nutrition-sensitive and nutrition-specific. Nutrition-specific strategies
address the proximal causes of anemia, primarily inadequate dietary intake of hematopoietic
nutrients such as iron or vitamin A, supplementation, and access to fortified foods. Dietary
diversification is an approach designed to increase the availability, accessibility, and use of locally
accessible and acceptable foods that have high micronutrient content and bioavailability across the
year [7]. The Ethiopian government has implemented different strategies to prevent anemia and
undernutrition among pregnant women, such as promotion of dietary diversification and iron and
folic acid supplementation, malaria prevention and treatment, utilization of bed nets, and deworming
pills [8]. Also, the government has exerted considerable efforts to decrease maternal anemia and
undernutrition by adopting and developing a nutrition and food strategy, program, and policy.
Furthermore, the government developed the “Seqota Declaration” to guarantee year-round 100%
access to sufficient food in the country by 2030 [9]. Moreover, health extension programs, specifically
focusing on community-wide nutrition education, are considered the most significant measures that
can help promote adequate nutrition in the first 1000 days [8].

Despite all national commitments, measures, and efforts, anemia and undernutrition prevalence
among pregnant women was high in the country as a whole, particularly in rural areas [2,10-12].
Also, there were considerable regional and urban/rural disparities in the prevalence of anemia and
undernutrition at the national level [2], implying the need for further research into the landscape of
anemia and undernutrition prevalence patterns in local settings. However, previous studies on the
prevalence of anemia and undernutrition among pregnant women in Ethiopia focused primarily on
individual-level factors, with little consideration given to community-level, household-level, and
contextual factors. Furthermore, the factors contributing to anemia and undernutrition among
pregnant women vary by region in Ethiopia, the prevalence of anemia and undernutrition is highly
variable, and existing evidence is insufficient to develop comprehensive prevention strategies.

Undernutrition and anemia are two crucial indicators of maternal undernutrition that can
impact the health of both the mother and the fetus. Maternal anemia and undernutrition are linked
to an increased risk of preterm birth, stillbirth, LBW, and neonatal deaths. If anemia and
undernutrition co-exist at the same time, the risks increase [13]. There have been several studies
conducted to assess anemia [14-17] and undernutrition [18-24] separately so far. However, to the
best of our knowledge, there is no evidence on the coexistence of anemia and undernutrition among
pregnant women in developing countries, including Ethiopia, the effect of co-existence on pregnancy
outcomes, or whether certain interventions should be targeted toward women who share this dual
burden. Therefore, we aimed to assess the prevalence and determinants of co-existing anemia and
undernutrition among pregnant women in the Hawela Lida district of Sidama region, Ethiopia.

The result from this study is helpful to inform program managers, policymakers, decision-
makers, and implementers in designing effective and efficient prevention strategies to improve
maternal nutrition status and achieve the Sustainable Development Goals (SDGs). Furthermore, this
study generated results that can inform maternal health champions by providing determinants for
co-existing anemia and undernutrition in the context of the Sidama region.

Methods
Study Area
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This study was done in the Hawela Lida district of the Sidama region, Ethiopia. Hawela Lida
district is one of the 10 districts in the north zone of the Sidama region. It is located 289 kilometers
away from Addis Ababa, Ethiopia’s capital city. It has consisted of 11 rural and 2 rural kebeles, which
is the least administrative structure in Ethiopia.

Study Design, Period and Population

A community-based cross-sectional study was done among 515 randomly selected pregnant
women from June 1-25, 2024. All pregnant women in their first trimester and randomly selected
pregnant women residing in the district for at least 6 months were the source and study population
for this study, respectively. Pregnant women who had severe illnesses and were temporary residents
were excluded from this study.

Sample Size Calculation and Sampling Procedures

We calculated the minimum required sample size utilizing OpenEpi version 3 for this study. The
sample size required to estimate the prevalence of anemia is computed by considering the anticipated
prevalence of anemia (19.3%), according to the report of a previous study [10], a margin of error of
5%, a 5% level of confidence, and a design effect (DEF) of 2. The DE is calculated using the formula
DEFF = 1+ (m-1)* infraclass correlation coefficient (ICC), while’'m’ is the average number of clusters.
The required number of clusters was computed by multiplying the initial calculated sample size by
the ICC value. However, previously conducted studies didn’t report the ICC value to facilitate
sample size replication. We received an ICC value of 0.01 to facilitate our sample size calculation from
a range value based on the existing recommendation.

[25]. Accordingly, the minimum needed number of clusters is 240 * 0.01 = 2.4. However, we
included 10 kebeles (clusters) to maintain the adequacy of power for this study. The sample size was
corrected for the non-response rate by adding 10% of the anticipated non-response rate. Based on the
above information, the final estimated sample size was 528. We used a multi-stage sampling method
to recruit the study participants for this study. The primary sampling unit was the district, and
Hawela Lida district was chosen purposefully from the Sidama region using the purposive sampling
method. We selected purposively because, immediately following this baseline study, the
interventional study was implemented to investigate the effect of amaranth grain flat bread on
anemia for six months. This district will provide the geographic access to carefully implement,
coordinate, supervise, and correct any unexpected problems because it is near Hawassa City. The
secondary sampling unit was kebeles, and 10 kebeles were selected using a simple random sampling
procedure. The third sampling unit was households containing pregnant women, identified by
conducting a house-to-house census in the selected kebeles. Pregnant women who were not available
after three consecutive visits were considered non-respondents for this study. One mother was
included by using a lottery sampling procedure when two or more pregnant mothers occur in the
chosen households.

Study Variables

The outcome variable was co-existing anemia and undernutrition. In pregnancy, anemia is
defined as hemoglobin <11 g/dl and is classified into three categories based on WHO criteria: mild
(10.0-10.9 g/dl), moderate (7.0-9.9 g/dl), and severe (less than 7.0 g/dl) [26]. Hemoglobin analysis was
performed by laboratory technologists in all health posts. Each pregnant woman’s hemoglobin
concentration was determined by taking a finger-prick blood sample with a HemoCue Hb 301
(HemoCue AB, Angelholm, Sweden). The site was disinfected, and a prick was conducted on the tip
of the middle finger. The device used to measure hemoglobin concentration will eliminate the first
drop of blood and collect the second drop to fill the microcuvette. The cuvette holder held the
microcuvette. To improve test reliability, the meter’s performance was examined daily using control
standards. While the meter was prepared to utilize capillary blood, the microcuvette owner was first
pulled to the loading position, and then the sample was filled continuously for the examination.
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Within 10 minutes of filling, it was placed in the holder and pushed into its measuring position.
Finally, using WHO'’s field survey recommendation techniques, the result was recorded and
displayed after a duration of 15-60 seconds [27,28]. Before the data was entered, the hemoglobin level
was corrected for altitude using the formula [28]. Serum ferritin and C-reactive protein were tested
further in all samples with hemoglobin levels less than 11 g/dl. The Cobas 6000 e601 module from
Roche (Germany) was used to analyze serum ferritin, and the Cobas 6000 c501 module was used to
analyze CRP. All laboratory procedures were carried out in accordance with standard operating
procedures (SOPs). In this study, pregnant women with mid-upper arm circumference (MUAC)
measurements less than 23 cm were classed as undernourished, whereas those with values greater
than 23 cm were classified as normal.

The independent variables are socio-economic and demographic, such as women age, education
status, husband education and occupation status, wealth index, family size, and mass media
utilization; reproductive characteristics like planned pregnancy, previous history of stillbirth, women
age at first marriage, and previous history of stillbirth; knowledge and practice of dietary diversity;
and household food security. Every detail of individual and community-level variable measurements
is provided in supplementary file 1.

Data Collection Tools and Techniques

The study tool was a standardized and pretested interviewer-administered questionnaire
derived from similar previous research [29-31]. The questionnaire was initially created in English
(see S2 file). This tool was translated into Sidaamu Afoo (the native language used by the locals) and
then converted back to English to ensure compatibility between the two versions. A linguistic expert
in English and Sidaamu Afoo carried out the translation. The principal investigator (PI) and another
individual with expertise in both languages reviewed the translated study tool. At that point, the
inconsistency between the two languages’ versions was fixed in accordance with the issues identified.
The data gathering technique was overseen by twenty data collectors and four supervisors. The PI
monitored and supervised the whole data gathering process, correcting any issues that arose.

Blood Collection and Serum Preparation Procedures

Standard procedures were followed for blood sample collection and laboratory analyses.
Phlebotomists prepared the necessary materials (alcohol swabs, sterile gloves, a tourniquet, a
vacutainer needle, a vacutainer tube, and a syringe) and collected blood from each participant. They
were to clean and dry the collection site, apply a tourniquet, locate the vein, and prepare the needle
and tube. Participants were instructed to make a fist, and the phlebotomist inserted the needle to
collect 5 ml of blood. Afterward, the needle was withdrawn, pressure was applied to the puncture
site, and the needle was safely disposed of. The phlebotomist expressed gratitude to the participants
for their cooperation.

After blood collection, the hemoglobin concentration was measured in the field using a hemocue
photometer (Hb 301+ System) with collected blood drops. An altitude adjustment for hemoglobin
was made based on WHO standards. To prevent hemolysis and contamination, serum extraction
occurred within 45 minutes of sample collection at the nearby health institution. The extracted serum
samples were then frozen at -20 °C and transported on dry ice to the Hawassa Referral
Comprehensive Specialized Hospital for further analysis.

Serum ferritin levels were analyzed using the Elecsys 2010 analyzer, an automated clinical
analyzer manufactured by Elecsys in Mannheim, Germany. The analysis utilized the enzyme-linked
immunosorbent assay (ELISA) method. Additionally, a serum C-rreactive protein (CPR) level, used
to assess inflammation, was measured using the Cobas 6000 system, a clinical chemistry analyzer
manufactured by Roche Diagnostic GmbH.

Data Quality Assurance
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The PI trained the data collectors, field assistants, and field supervisors on the study tool for two
days, emphasizing the significance of the research, the data collection procedure, objectives, sampling
procedures, blood sample collection procedures, and ethical considerations. The data was collected
using a well-designed, standardized, pretested, structured, face-to-face interviewer-administered.
Following the pre-test, necessary adjustments were made before beginning the main data collection
procedure on the tool. The data collection procedure was strictly monitored. The completeness,
consistency, and accuracy of data were reviewed on a daily basis during data collection. The data
was cleaned, coded, and then exported to Stata 17 for further processing and analysis. To reduce the
likelihood of reporting bias, data collectors, field assistants, and supervisors were blinded to the
exposure and outcome variables. Furthermore, to reduce the risk of bias, maximum efforts were taken
by carefully selecting subjects who represent the source population, increasing response, and training
data collectors, field assistants, and supervisors.

Ethics Statement

This study was ethically approved by the Hawassa University College of Medicine and Health
Sciences’ institutional review board (IRB) with reference number of IRB/027/16. A letter of support
was received from Hawassa University School of Public Health, Sidama region, Hawela Lida district,
and kebeles leaders. Pregnant women provided written consent before to data collection and after
receiving information about the study. All data collection techniques were carried out in strict
confidentially. No specific personal identifiers were collected, and only researchers had access to data
that may identify individual respondents during or after data collection. Furthermore, pregnant
women who shown severe anemia and undernutrition during the survey were transferred to a
neighboring health care facility for additional assessment and treatment.

Data Analysis Techniques

Prior to the main analyses, quantitative variables were processed through recoding,
computations, and categorization. Descriptive analyses were performed to obtain descriptive
measures for key variables of interest, such as frequency, percentage, mean, and standard deviation
(SD). For this research, the wealth index was computed using Principal Component analytic (PCA)
[32], and the S1 file contains information of variable preparation and analytic processes.

We estimated the intra-class correlation coefficient (ICC) utilizing a multi-level logistic
regression intercept only model [33,34]. The computed ICC value was larger than 5%, which is one
reason to use the multi-level regression analysis for this research. To control the impacts of clusters
and known confounders, bivariable and multivariable analyses were performed using multilevel
mixed effects modified Poisson regression models with robust standard error. Variables having p-
values < 0.25 on the bivariable analysis and practical significance backed by relevant literature were
built-in in a multivariable regression model to identify determinants independently related with
CAU, controlling for other variables in the model [35].

We constructed multi-level models to account for the effects of clustering and the hierarchical
structure of our data. Thus, four models were evaluated for this research. Model 1 was an empty or
intercept-only model, whereas Model 2 had only individual-level determinants, Model 3 contained
only community-level determinants, and Model 4 consisted of both individual and community-level
determinants. The ICC value and median prevalence ratio (MPR) were used to evaluate the random
model data [36]. The MPR is a predictor of the unexplained kebeles-level heterogeneity, while the ICC
value was utilized to characterize the percentage of variability in the prevalence of undernutrition
that is attributable to the clustering variable (kebele). The MPR predicts unexplained kebeles-level
heterogeneity, whereas the ICC value characterizes the fraction of variability in the prevalence of
CAU due to the clustering variable (kebele). The MPR was calculated using the formula MPR= ~
095+ (estimated variance of clusters) an js defined as the mean of the prevalence ratio between the areas
with the highest and lowest risk of CAU prevalence when two areas are randomly selected [37,38].
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This study examined effect modification and multicollinearity. The variance inflation factor
(VIF) < 5 indicated that multicollinearity had a little impact on the study’s results [39]. The S1 file
contains detailed information about the effect modification findings.

The strength and presence of a statistically significant association between CAU and the
independent factors were determined using APRs with a 95% confidence interval and a 5% level of
significance. A statistically significant association between CAU and the independent factors was
confirmed when the 95% confidence intervals of the APRs did not contain 1 or had a P-value less
than 0.05.

Results
Socio-Demographic Characteristics of Research Subject

We properly interviewed 515 pregnant women out of 528, resulting in a response rate of 97.53%
for this study. The mean (+ SD) age of the study participants was 25.89 (+ 4.53) years. Almost all 486
(94.4%) study participants were of Sidama ethnicity. The majority of research participants, 438
(85.2%), identified as Protestant Christians. Nearly all pregnant women were married, with 511
(99.2%) and 468 (90.9%) being housewives, respectively.

Study Participants’ Reproductive Health Characteristics

The mean age of first marriage (+ SD) among study participants was 21.01 + 3.10 years. 81 (15.7%)
women have previously had an abortion, and 93 (18.1%) have experienced an infection during their
present pregnancy. Similarly, 49 (9.5%) and 28 (5.4%) women have had past history of stillbirths and
neonatal deaths, respectively.

Prevalence of Co-Existing Anemia and Undernutrition

The overall prevalence of CAU was 25.4% (95% CI: 21.9-28.9) (Figure 1). The overall prevalence
of anemia among pregnant women was 42.9% (95% CI: 38.4-47.6), while the prevalence of
undernutrition was 41.7% (95% ClI: 37.3-45.6). Similarly, 15.5, 19.2, and 8.2% of study participants had
mild, moderate, and severe anemia, respectively (Figure 2).

Prevalence of co-existing anemia and undernutrition

HYes
= No

Figure 1. Prevalence of co-existing anemia and undernutrition among pregnant women in the Hawela
Lida district of Sidama region, Ethiopia, 2024.
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Determinants of Co-Existing Anemia and Undernutrition

Pregnant women who had obtained model family training from health extension workers had a
34% higher likelihood of CAU than their counterparts (APR = 0.66; 95% CI: 0.45-0.96). Pregnant
women’s inadequate dietary diversity increased the likelihood of CAU prevalence (APR =2.17; 95%
CI: 1.43-3.28) as compared to women who have adequate dietary diversity. Pregnant women in the
food-insecure household had 51% more CAU prevalence as compared to the food-secure household
(APR = 1.51; 95% CI: 1.18-1.95). Women who have poor knowledge of nutrition had a higher
prevalence of CAU than their counterparts (APR = 1.55; 95% CI: 1.06-2.26). While the community-
level road access decreased the likelihood of CAU prevalence (APR = 0.65; 95% CI: 0.43-0.98) as
compared to the community-level road inaccessibility, the likelihood of CAU prevalence was 6.19
times higher for pregnant women who lived in high community-level women autonomy (APR =6.19;
95% CI: 3.42-11.22) as compared to women who lived in low community-level women autonomy
(Table 1).

Table 1. Determinants of CAU among pregnant women in the Hawela Lida district of Sidama region,
Ethiopia, 2024.

Nutritional status CPR (99% CI) APR (99% CI)
Variables Under-
nutrition
Individual level determinants
Women’s education
Have formal education 80 (23.2) 265 (76.8) Ref Ref
No formal education 51 (30.0) 119 (70.0) 1.14(0.85,1.54) 0.87 (0.75, 1.01)
Family size

Normal

Small 97 (23.9) 309 (76.1) Ref Ref
Large 34 (31.2) 75 (68.8) 1.12(0.83,1.50) 0.92 (0.64, 1.31)
Use of mass media
Yes 47 (22.9) 158 (77.1) Ref Ref
No 84 (27.1) 226 (72.9) 1.04(0.81,1.34) 1.19(0.82,1.72)
Women'’s occupation
status
Housewife 113 (24.4) 350 (75.4) Ref
Merchant 11 (36.7) 19 (63.3)  0.99 (0.55,1.77) 0.98 (0.59, 1.62)

Government employee 7 (31.8) 15(68.2)  0.73(0.19,2.78) 0.78 (0.31, 1.95)
Decision making power

of women
Autonomous 66 (20.9) 250 (79.1) Ref Ref
Non-autonomous 65 (32.7) 134 (67.3) 2.26 (0.89,5.78) 1.37(0.41, 4.54)
Model family training
Not obtained 45 (29.8) 106 (70.2) Ref Ref
Obtained 86 (23.6) 278 (76.4)  0.63 (0.37,1.06) 0.66 (0.45, 0.96)*
Food security status
Secured households 46 (14.4) 274 (85.6) Ref Ref

Insecure households 85 (43.6) 110 (56.4) 2.89 (1.50, 5.57) 2.17 (1.43, 3.28)**
Dietary diversity status
Adequate 39 (15.9) 206 (84.1) Ref Ref
Inadequate 92 (34.1) 178 (65.9) 1.91(1.50, 2.42) 1.51 (1.18, 1.95)**
Women'’s knowledge
about nutrition
Good 36 (13.6) 228 (86.4) Ref Ref
Poor 95 (37.8) 156 (62.2) 2.40(1.59, 3.61) 1.55 (1.06, 2.26)*
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Women’s attitude towards

nutrition
Positive 92 (26.7) 252 (73.3) Ref Ref
Negative 39 (22.8) 132 (77.2)  0.87(0.50, 1.52) 0.78 (0.30, 2.01)

Community-level determinants
Place of residence

Urban 10 (11.0) 81 (89.0) Ref Ref
Rural 121 (28.5) 303 (71.5) 3.13(0.36,26.95) 3.53 (0.33, 37.40)
Community-level wealth
status
High 50 (16.4) 255 (83.6) Ref Ref
Low 81 (38.6) 129 (61.4) 1.68(0.67,4.17) 1.25(0.76, 2.06)
Community-level
distance
Not big problem 77 (23.6) 249 (76.4) Ref Ref
Big problem 54 (28.6) 135 (71.4) 0.96 (0.45,2.06) 0.78 (0.30, 2.02)
Community-level literacy
High 13 (8.8) 134 (91.2) Ref Ref
Low 118 (32.1) 250 (67.9) 4.28(0.83,21.98) 2.16(0.49, 9.54)
Community-level road
access
Inaccessible 18 (36.0) 32 (64.0) Ref Ref
Accessible 113 (24.3) 352 (75.7) 0.73(0.45,1.17) 0.65 (0.43, 0.98)*
Community-level
autonomy
High 16 (8.2) 178 (91.8) Ref Ref
Low 115 (35.8) 206 (64.2) 7.75(3.52,17.05)6.19 (3.42,11.22)**

APR: adjusted prevalence ratio; *: significant association (p < 0.05); **: highly significant association (p <0.01); CL:
confidence interval; CPR: crude prevalence ratio; Ref: reference group. .

Random Effect Model and Model Fitness Information on CAU Prevalence

Our study revealed that the multi-level modified Poisson regression model fit better than the
normal Poisson regression model (p < 0.001). According to the ICC value, involvement with kebeles
explained 27.23% of the disparity in the prevalence of CAU among pregnant women. When two
participants were picked at random from different residential areas, the MPR value revealed that
residual heterogeneity between the areas was related to 2.20 times the individual probability of
having CAU. The final model revealed that the heterogeneity in CAU prevalence between residential
areas continued statistically significant even after accounting for all potential contributing factors.

The CAU model fitness evaluation test showed that the empty model (AIC =590.21, BIC =598.70,
and log-likelihood = -293.10) was the least fit. However, the models’ fitness increased dramatically,
particularly the final model (AIC = 474.30, BIC = 512.50, and log-likelihood = -228.15). As a result,
when compared to the previous models, the final model fits the data well (Table 2).

Table 2. Multi-level Modified Poisson regression analysis result of model selection criteria and
random effect model information.

Measure of o Model 1 (95% Model 2 (95% Model 3 (95%
variation Model 0 (95% CT) CI) CI) CI)

Variance of

. 0.69 (0.16,3.02) 0.58 (0.08,3.92) 0.57(0.20,1.58) 0.49 (0.14, 1.73)
intercept

ICC percentage 27.23 (10.49-54.40)
MPR 2.20 (1.46 -5.21) 1.95 (1.42, 3.49)

d0i:10.20944/preprints202408.2065.v1
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Model fitness
Log-likelihood -293.10 25772 24567 22815
ratio
AIC 59021 533 45 505.35 474.30
BIC 598.70 571.64 535.06 512.50

MPR: Median prevalence ratio and ICC: Intra-class correlation coefficient; AIC: Akaike information criteria; BIC:
Bayesian information criteria; CI: confidence interval.

Discussion

The prevalence of CAU among pregnant women was 25.4%. Inadequate dietary diversity, poor
knowledge of nutrition, food-insecure status, training on model families, community-level women'’s
autonomy, and road inaccessibility were determinants of CAU among pregnant women.

The prevalence of undernutrition among pregnant women was 25.4%. There has been no
previous publication on the prevalence of CAU and its determinants in Ethiopia or other African
nations, limiting the comparability of our findings.

Pregnant mothers’ inadequate dietary diversity was significantly associated with CAU
prevalence. This could be because women who practice food diversity obtain a variety of nutrients
from different diets, which could make them more nutrient-dense than mothers with lower dietary
diversity scores. Furthermore, this could be because women do not consume extra meals during
pregnancy, and maternal dietary habits, socio-cultural beliefs, and food taboos can all affect nutrition
during pregnancy. The prevention of malnutrition in all of its forms, both before and during
pregnancy, is dependent on appropriate nutrition practices, essential nutrition services, and healthy
diets. Thus, it is critical for all prenatal care to equip pregnant women with dietary teaching and
counseling, which should be expanded. Furthermore, the researchers contended that this could be
expressed as follows: Eating a diverse diet is vital for obtaining all of the nutrients required to prevent
undernutrition caused by nutritional deficiencies. [40].

This research found that the training on model family decreased the prevalence of CAU. The
possible rationale is as follows: women who have received model family training from health
extension workers tend to have good knowledge of nutrition during pregnancy and lactation or
nutrition benefits during the first 1000 days, a positive attitude toward nutritious diets and avoiding
food taboos, health-seeking behavior, and information on the benefits of dietary diversity practices.

This study indicated that household food-insecure status was positively related with CAU
prevalence. This could be because a lack of food in the household leads to insufficient daily
nutritional needs and poor dietary intake, resulting in undernutrition in pregnant women.
Researchers also claimed that one of the primary underlying causes of undernutrition is household
food insecurity, which occurs when a household does not always have physical, social, or financial
access to enough food to meet their nutritional needs for a healthy life. Women tend to consume less
than men, which could be attributed to the time of limited food availability. Furthermore, the women
used coping methods to reduce their food intake while providing nourishment for their small
children and newborns during a food shortage. As a result, improving community food security for
homes is critical to avoiding and eliminating acute undernutrition and its negative long-term
consequences [41].

Pregnant women’s poor knowledge of nutrition increased the prevalence of CAU. This could be
because a lack of nutritional comprehension usually leads to an insufficient dietary intake, resulting
in undernutrition. Furthermore, women who have knowledge of nutrition may be better able to
perceive the benefits of eating a healthy and appropriate diet during their pregnancy, as well as be
prepared to adopt such a diet.

This study documented that high community-level women autonomy decreased the prevalence
of CAU. Communities with significant women’s autonomy had higher levels of knowledge about
nutrition and health-seeking behavior. Autonomous mothers are more educated and financially
independent, have more job opportunities, and understand the importance of adequate dietary
diversity. Another factor might be that literate populations utilize more community-level mass
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media, which may increase community discussion about maternal health issues. Mothers who reside
in affluent communities may have been exposed to more mass media, which has increased their
awareness and knowledge of nutrition and appropriate dietary diversification practices, according
to the WHO report [42]. The results of research carried out in low-income nations provide further
support to this idea [43,44].

The prevalence of CAU increased for pregnant women who lived in poor road accessible
communities. One possible rationale for this is because community-level road inaccessibility reduces
access to fundamental services such as health and education. Researchers also highlighted that
geographic difference in health services in Ethiopia [45-47]. Another reason might be that health care
providers give less attention to screening and linking undernutrition pregnant women from road
inaccessible places, which contributed to the high prevalence of CAU in settings with low road
accessibility.

Conclusions

One in four pregnant women was CAU in the study setting. Inadequate dietary diversity, poor
knowledge of nutrition, food-insecure status, training on model families, community-level women'’s
autonomy, and road inaccessibility were determinants of CAU among pregnant women. Thus, any
programs related to maternal nutritional improvement strategies should address these determinants
to decrease the high prevalence of CAU. Likewise, particularly intervention approaches should be
considered for pregnant women with poor knowledge of nutrition, pregnant women who have not
obtained training in a model family, and pregnant mothers who have inadequate dietary diversity.
Moreover, there is a significant level of food insecurity in the research area, which adds to the high
rate of CAU among pregnant women. Designing and enhancing the promotion of food security
policies based on Ethiopian national directives and WHO guidelines is therefore a thoughtful
demand. Furthermore, there is an urgent need for nutritional screening for women living in poor,
road-accessible areas to circumvent the high prevalence of CAU. Finally, creating women'’s
autonomy-raising reforms for communities with low women’s autonomy with the help of rural
health extension workers must be considered.
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