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Background: Anemia in pregnancy impacts the well-being of the women and the conception. Anemia is associated with increased risks of maternal mortality. In Ethiopia, three in ten pregnant women were affected by either mild, moderate, or severe anemia. The recent evidence was limited in the study locations of southern Ethiopia and needs to be updated. No report of anemia as relation to dietary factors observed in the region. This study therefore aimed to assess factors associated with anemia in pregnancy in the region.



Methods: A multicenter, cross-sectional study was conducted from January 2 to 30, 2025, in five selected public health facilities in Arba Minch district, South Ethiopia.



Results: A total of 476 (96%) respondents had participated in the survey. Explanatory variables were modeled in logistic regression to test for statistical associations at a P value of <0.05. The study participants were in the age range of 18 to 40 years. Of the respondents who completed the survey, 103 (21.6%, 95%CI 18.2–25.6%) were diagnosed as anemic. Participants who received iron-folic acid during the current pregnancy were 66% less likely to be anemic, AOR (95% CI), 0.34 (0.19, 0.61). Participants with high education status, sleeping under insecticide-treated bed nets (ITN), not being infected with malaria in the current pregnancy, and age category between 20–29 years were less likely to experience anemia in pregnancy. Evidence was limited to support association of women dietary diversity score (WDDS) and anemia in pregnancy, AOR (95%CI), 0.83 (0.49, 1.40).



Conclusions and recommendations: Anemia prevalence was a moderate public health problem in the study area. Healthcare workers should encourage antenatal women to receive iron and sleep under insecticide-treated bed nets (ITN) for anemia protection during pregnancy.
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Introduction

Anemia in women is an extensive public health problem with a huge impact on women's health, economy, and social status (1). In hundred forty countries, anemia in women aged 15 to 49 years remains a moderate to severe public health problems (1). The World Bank Group reported in 2019 that the prevalence of anemia in pregnant women was 39.8% in Eastern and Southern Africa, 45.8% in Sub-Saharan Africa, and 36.5% worldwide (2). Women in developing countries were more affected by anemia during pregnancy than those in the developed world, as related to variations in health, economic, and social factors (3).

The progress toward WHO's 50% global anemia reduction plan of 2025 among women of reproductive age (pregnant and non-pregnant) was not on track (1, 4). The World Bank Group addressed that attaining the global target of anemia reduction needs to scale up micronutrient interventions, delivery platforms, and strong political determinations (1). Due to the inability to achieve the global anemia target, WHO and UNICEF jointly extended the target to 2030 (4). The global target to reach by 2030 is 15.2% anemia prevalence in women of reproductive age (1, 4).

Anemia prevalence among regions varies in Ethiopia. Overall, the national prevalence of anemia in pregnancy was 29% in 2019 (2). A meta-analysis report showed that the lowest prevalence was in Amhara region (15.9%) and the highest in Ethiopia Somali (56.8%) (5). A recent 2023 study report by the Ethiopian Public Health Institute (EPHI) showed 13% of anemia prevalence among women of reproductive age (6), close to a 50% reduction from the 2019 World Bank Group report of Ethiopia's data (7). Across regions of Ethiopia, women in reproductive age anemia prevalence ranges between 6% in Addis Ababa to 40% in Somalia regional state of Ethiopia (6). In the southern nations' nationalities and people state of Ethiopia, the reported prevalence of anemia in women of reproductive age was 10% (6).

The women dietary diversity score (W-DDS) is defined as a dichotomous indicator used to measure foods consumed by a woman (15–49 years) in the last day and night (8, 9). It is considered adequate food diversity when five out of ten food domains are consumed by a pregnant woman in the last day and night (8, 9). The dietary bioavailability of micronutrients (such as, iron) consumed by the women depends on the availability of enhancers (ascorbic acid and animal tissues), inhibitors (calcium, oxalic acid, phytic acid, and polyphenols), and the type of iron in the food (heme/nom-heme) (10). Heme iron is better and absorbed easily than non-heme iron (11). Non-heme iron is mostly found in plant sources; however, heme iron is mostly found in flesh foods (such as red meat) (11). Nearly half of the iron that is found in flesh foods are heme iron (11, 12). Nearly 15 to 35% of heme iron is absorbed by human body and which depends on body needs (13). Around 2%–20% of nonheme iron is absorbed by human body from plant or animal sources (14).

Studies associated anemia in pregnancy with advanced age (15), low education status, being in the second or third trimester of pregnancy, caffeine intake in pregnancy, high family size (15–18), being poor, low dietary diversity score, high gravidity, iron supplementations, and maternal infection with soil-transmitted helminthiasis during pregnancy (17–19). On the other side, a contrasting result was reported that women's higher education status was related to anemia in pregnancy (18). A systematic review report showed malaria infection in pregnancy was associated with anemia in pregnancy (5). Consuming less than three meals per day was another determinant of anemia in pregnancy (18). There was no recent evidence that shows factors associated with anemia among pregnant women in the Southern Ethiopia Regional State. This study therefore assessed socio-demographic, food, and behavioral factors associated with anemia during pregnancy.



Methods and materials


Study location and design

This study was performed in Arba Minch district, Southern Region of Ethiopia (20). The district had one referral and teaching hospital, one general hospital, one primary hospital, and 7 primary health care units (health centers).1 The study area is located in the Great Rift Valley, at a 450-kilometers road distance from the capital of Ethiopia, Addis Ababa. The altitude of the study location ranges between 1,090 to 1,200 meters above sea level (21) and the annual temperature ranges between 16 and 37°c (22). Based on projection data for 2022, the population of the nearby rural study district was 214,020 with a population density of 221.2/km2 and the study town population was 201,049 with a density of 6,098/km2 (23). The estimated population of women in the reproductive age group in the district was 96,711, and the estimated number of annual pregnancies was 14,361 (21, 23). The design of this study is an institution-based, multicenter, cross-sectional survey undertaken from January 2 to 30, 2025.



Sampling estimation and procedure

To determine minimum sample size, the single population proportion formula was employed. The assumptions used in the sampling estimation process were a 95% CI, a design effect (1.5), a non-response rate (5%), and the prevalence of anemia among ANC attendants at Dilla University referral hospital, South East Ethiopia, was 28.7% (24). The minimum number of respondents required to be interviewed was 495. The study was conducted in five selected public health facilities among ten. A stratified two-stage sampling technique was employed, where health facilities were primary sampling unit and respondents in the selected facilities were secondary sampling unit (25). Facilities were stratified as urban and rural setting, such as two hospitals selected from urban and three health centers from rural setting. Respondents were proportionally assigned to each of the five selected health institutions as per their monthly average population of pregnant women who visit for antenatal services. Systematic sampling was employed to achieve the desired sample size in each of selected facilities. The variance across the urban/rural strata was assumed equal (26). This was because pregnant women in either of the urban or rural health facility could make antenatal visit from either urban or rural dwellings. The average number of pregnant women per month was obtained from selected facilities' monthly antenatal reports to calculate the proportion. The selected health care settings were Arba Minch Hospital (AMGH), Arba Minch Dil Fana Hospital (DFH), Chano Health Center, Kola Shelle Health Center, and Lante Health Center (Figure 1).


[image: Flowchart depicting the structure of 10 health facilities, divided into 7 rural primary health care units and 3 urban hospitals. The units are Lante HC with 466 patients (sample 75), Shelle HC with 479 patients (sample 77), Chano HC with 220 patients (sample 35), AMGH with 978 patients (sample 156), and DFH with 915 patients (sample 146). The total sample size is 495, and the chart leads to PSU and SSU categories.]
FIGURE 1
The participant recruitment and selection flowchart. N, total population of antenatal women in a month; n, sample population; HC, health center; AMGH, arbaminch general hospital; DFH, dil fana primary hospital; PSU, primary sampling unit; SSU, secondary sampling unit.




The study population and eligibility criteria

The study population were antenatal women who were under ANC follow up in the public health facilities of Arbaminch district and town during the study period. The target population were pregnant women selected and participated in this particular study during the study period. During the enumeration process the eligible women were any pregnant women who were willing to participate, exist in any of the frequency of antenatal visit, permanent resident (lived a minimum of 6 months in the setting), and no any mental and physical illness during data collection.



The data collection process and measurement

The data collection tool was structured, validated, and pre-tested before the start of the actual data collection process. The questionnaire was adapted from the Ethiopian DHS 2016 (27) and literature sources (19, 28). Interviewers interviewed respondents who had visited each study facility consecutively until the sample size was achieved. Data was collected based on two approaches. First, participants were interviewed face-to-face for interview questions. Next, the participant's laboratory result was used to extract data on the anemia status of women. The KoboToolbox was used to collect data electronically using mobile tablets (29). The client's medical record was used to collect anemia data. The enumerator administered the respondent's response and data from the health facility card. Two experienced supervisors who had a BSc degree in nursing were hired. Eight experienced data collectors who had a BSc degree in nursing were hired. The total data collection period was one month. The explanatory variables include social, demographic, economic, reproductive, and other variables [such as IFA and deworming that the participant received in the current pregnancy, history of malaria and intestinal parasitic infections in the current pregnancy, health insurance benefit status, sleeping status under ITN in the current pregnancy, and BMI (KG/M2)]. Socioeconomic and demographic variables include the participant's age, marital status, education and literacy level, occupation, urban-rural residence status, smoking status, and household income status. Reproductive characteristics were parity, gravidity, menstrual disorders, inter-pregnancy intervals, and mode of delivery. The dependent variable was the anemia status of women, which was measured as anemia [HGB < 11.0 g/dl at sea level (2)]. An altitude adjustment of −0.2 g/dl was made to the HGB level of participants based on UNHCR guidelines (30).


Sample collection and procedure to detect HGB level

Laboratory technicians collected a 3 ml whole blood from a participant venous blood of the upper left hand. The aim of blood sampling was to do laboratory analysis to detect blood HGB level (anemia status) using a CBC machine (mindray-2017, BC-3000Plus). For the blood sample collection, the anticoagulant K3 ethylenediamine-tetraacetic acid (k 3 EDTA) tube was used. There was no sampling storage in the process as the collected sample was analysed immediately (within 2 h) in the study health facilities. The CBC machine used for laboratory analysis was precalibrated by biotechnologists in the study facility. Sample collectors and laboratory investigators were recruited as medical laboratory technicians in the MCH clinics.




Women's dietary diversity score

The respondents were told to recall the food they had received the last day and night before the day of the survey. Even-though this 24-hour recall was limited to capture a short-term intake rather than a habitual intake, the recall bias was minimized. The list of foods was categorized under 10 FAO (9) dietary categories, such as grains, white roots and tubers, and plantains (category1); pulses (beans, peas or lentils) (category2); nuts and seeds (category3); dairy (category4); flesh foods (category5); eggs (category6); dark green leafy vegetables (category7); vitamin A-rich fruits and vegetables (category8); other fruits (category9); and other vegetables (category10). The detailed list of foods under each category was mentioned in the questionnaire. If the respondent consumed foods in the list with the category that the interviewer reads, “yes” was reported; otherwise, “no” was reported. Any of the “yes” responses in the list of each dietary category was considered as “yes” to the category. When the “yes” response in each of the 10 dietary categories was 5, it was considered an adequate minimum dietary diversity score (MDD-W) for women (9). Whereas the score of 0–4 was considered as an inadequate MDD-W score for women (9).



Data quality control

Before the actual data collection, the enumerators and supervisors were given three days of training. Training included data collection tools word by word, study methods, and the KOBO toolbox application utilization in the tablet. A mock interview was done between data collectors. A pretest was given to 25 antenatal women in the health centers not selected for this study, such as Arba Minch Secha, Limat, and Zigiti Bakole. Every day, field supervisors checked for completeness, missings, and challenges faced during the interview. The supervisors had given feedback to data collectors before the initiation of next-day data collection. The local language (Amharic and Gamogna) was used in the communication during the data collection process. The local language was back-translated to the original language (English).



Analysis

The collected respondent data was accessed from the KOBO server and imported to Stata 17 statistical software package for statistical analysis. Summarized results are reported in figures and tables. The participants' characteristics and categories were compared between anemic and non-anemic respondents in the tables and figures. The unadjusted logistic regression model was fitted to explanatory variables to check for unadjusted statistical associations. Statistically significant variables by unadjusted (P value <0.25) were fitted in to an adjusted logistic regression to control for confounding effects. The final statistical association was declared in the adjusted model at a P value <0.05. To show strength of statistical associations, the precision with 95%CI was reported for adjusted and crude odds ratio. The better model was selected based on log likelihood statistics (−214.93). The better model was selected as per the higher log likelihood.




Results


Basic characteristics

A total of 476 (96%) respondents had completed the survey. The mean age (years) and standard deviation (SD) of the participants was 26 ± 5.0, where it ranges between 18 and 40 years. A total of 457 (96%) respondents were married and lived with their husbands. Nearly one-third of participants [148 (31%)] had completed college. About two-thirds [338 (71%)] of participants were permanent urban residents. The median daily household income of respondents was $1.59 US, with a maximum of $19.84 US and a minimum of $0.08 US. Nearly two-thirds, 305 (64%), of study participants were not a member of the community-based health insurance scheme (Table 1).



TABLE 1 Socio-demographic characteristics of study participants, Arba Minch district, South Ethiopia, n = 476, January 2025.



	Variables and category
	Frequency
	Percent





	Age group (years)



	15–19
	34
	7.1



	20–29
	298
	62.6



	>29
	144
	30.3



	Marital status



	Married
	457
	96.0



	Othersa
	19
	4.0



	Level of education



	Primary or no formal school
	176
	37.0



	High school
	152
	31.9



	More than high school
	148
	31.1



	Occupation



	Farmer
	80
	16.8



	Government employed
	76
	16.0



	Merchant
	96
	20.2



	House wife
	164
	34.5



	Othersb
	60
	12.6



	Place of residence



	Urban
	338
	71.0



	Rural
	138
	29.0



	Daily household income in $US



	<1.25
	140
	29.4



	1.25–2.5
	207
	43.5



	2.5–4
	85
	17.9



	>4
	44
	9.2



	Household health insurance status



	Insured
	171
	35.9



	Not-insured
	305
	64.1




	aSingle and divorced.


	bPrivate employed, house worker, daily laborer, and student.


	$US, united states dollar.









The reproductive and other personal characteristics of respondents

One out of ten respondents, 49 (10.3%), had reported having a history of heavy menses. The majority of respondents reported having no history of intermenstrual bleeding at any time in their lives, 390 (82%). The median number of births a respondent ever had was 1.0, which ranges between a minimum of 0 and a maximum of 6. The median number of pregnancies a respondent ever had was 2.0, which ranges between 1 and 8. The median interpregnancy interval was 4 years, which ranges between a minimum of <1 year and a maximum of 20 years. Close to half of respondents [231 (48.5%)] received IFA supplements in the current pregnancy and consumed tea/coffee within 30 min before or after meals [208 (44%)]. One-thirds of respondents [158 (33%)] were intentionally avoided to eat some useful food types during pregnancy, such as fish, meat, cabbage, roots, maize, egg, and banana. “The reason for avoiding some foods” was added in the manuscript, such as “The reason reported for avoiding some foods” were due to insulting foods with no reason, nausea, vomiting, dislike food odor, gastric discomfort, gastric reflux, food not allowed in pregnancy, and respondent do not know why avoided (Table 2). In the current study locality with high malaria risk category (31), respondents reported malaria infection history any time during the current pregnancy was 62 (13%). However, majority of the respondents reported as slept last night under ITN, 346 (73%) (Table 2).



TABLE 2 Participant's reproductive and other personal characteristics in the study region of south Ethiopia (n = 476), January 2025.



	Variables
	Category
	Frequency
	Percent





	History of heavy menstrual bleeding
	Yes
	49
	10.3



	No
	427
	89.7



	History of intermenstrual bleeding
	Yes
	86
	18.1



	No
	390
	81.9



	Parity
	0–1
	277
	58.2



	2–3
	135
	28.4



	4+
	64
	13.4



	Gravidity
	1
	137
	28.8



	2–3
	225
	47.3



	4+
	114
	23.9



	History of stillbirth
	Yes
	46
	9.7



	No
	430
	90.3



	Interpregnancy interval (n = 339)
	<24 months
	16
	3.4



	24–36 months
	143
	30.0



	>36 months
	180
	37.8



	IFA received in the current pregnancy
	Yes
	231
	48.5



	No
	245
	51.5



	Consumed tea or coffee within 30 min before or after a meal
	Yes
	268
	56.3



	No
	208
	43.7



	Intentionally avoiding some useful foods in the current pregnancy
	Yes
	158
	33.2



	No
	318
	66.8



	Reason for avoiding some useful foods (n = 158)
	
	



	Insulting foods with no reason
	55
	34.8



	Nausea
	23
	14.6



	Vomiting
	21
	13.3



	Dislike food odor
	15
	9.5



	Gastric discomfort
	12
	7.6



	Gastroesophageal reflux
	11
	7.0



	Believes that food not allowed in pregnancy (fears baby overweight)
	5
	3.2



	Do not know why avoided foods?
	16
	10.1



	Meal frequency in the current pregnancy
	2 or 3 meal and no snack
	192
	40.3



	3 meal and 1 snack
	202
	42.4



	3 meal and 2 or more snack
	82
	17.2



	History of malaria in the current pregnancy
	Yes
	62
	13.0



	No
	414
	87.0



	Slept last night under ITN
	Yes
	346
	72.7



	No
	130
	27.3




	ITN, insecticide treated net; IFA, iron folic acid.









Dietary habits of study participants

As shown in Figure 2, participants adequacy of minimum dietary diversity score (MDD) was similar between anemic, 70 (68.0%), and non-anemic respondents, 222 (59.5%), P value = 0.12. Overall adequate MDD score among the study participants was 292 (61.3%). Nearly all respondents, 470 (98.7%), had consumed grains, white roots and tubers, or plantains the last day and night before the day of the survey. However, few respondents consumed flesh foods (such as organ meat, fish, and meat), 79 (16.6%). The dairy products were consumed by three out of ten participants 165 (34.7%), and eggs consumed by one out of five participants 96 (20%). Many participants consumed dark green leafy vegetables, 391 (82.1%), and nearly half of the respondents consumed vitamin A-rich fruits and vegetables (such as ripe papaya, mango, yellow/orange-fleshed banana, melon, orange-fleshed sweet potato, carrot, or pumpkin), 221 (46.4%) (Figure 2).


[image: A radar chart compares dietary diversity scores between anemic and non-anemic respondents across various food groups, such as grains, pulses, nuts, dairy, and vegetables. The red line represents anemic respondents, and the blue line represents non-anemic respondents, showing differences in food group consumption.]
FIGURE 2
Percentage of the women who consumed foods in the last 24 h before the day of the survey vs. anemia status, Arba Minch district, South Ethiopia, January 2025.




Anemia and associated factors during pregnancy

Nearly two out of ten participants 103 (21.6%, 95%CI 18.2–25.6%) were diagnosed as mildly, moderately, or severely anemic. Of the anemic, 71 (68.9%) of respondents were mildly anemic and 32 (31.1%) were moderately anemic. Respondents who received IFA supplements in the current pregnancy were 66% less likely to be anemic than those who did not receive IFA, AOR (95% CI), 0.34 (0.19, 0.61). Women in the age group 20–29 years were 59% less likely to be anemic during pregnancy than older ages (≥ 30 years), AOR (95% CI), 0.41 (0.24, 0.69). Respondents who were in low educational attainment (elementary level) were 1.8 times more likely to be anemic in pregnancy than those who had attained college or above education, AOR (95% CI), 1.84 (1.03, 3.31).

Women with a history of malaria infection in the current pregnancy were 4 times more likely to be anemic than those who had no malaria infection, AOR (95% CI), 4.13 (1.95, 8.75). Women who slept under an insecticide-treated net the last night before the day of the survey were 53% less likely to be anemic in the current pregnancy than their counterparts, AOR (95% CI), 0.47 (0.29, 0.80) (Table 3).



TABLE 3 Adjusted and unadjusted logistic regression model that shows statistical associations between anemia status and characteristics among pregnant women, Arba Minch district, South Ethiopia, n = 476, January 2025.



	Variable
	Anemia status
	COR (95%CI)
	AOR (95%CI)
	P value



	Yes, n (%)
	No, n (%)





	IFA received in the current pregnancy
	Yes
	29 (12.6)
	202 (87.4)
	0.33 (0.21, 0.53)*
	0.34 (0.19, 0.61)**
	<0.001



	No
	74 (30.2)
	171 (69.8)
	1
	1
	



	Age of women (years)
	15–19
	8 (23.5)
	26 (76.5)
	0.75 (0.31, 1.78)
	0.66 (0.25, 1.74)
	0.40



	20–29
	53 (17.8)
	245 (82.2)
	0.52 (0.33, 0.84)*
	0.41 (0.24, 0.69)**
	0.001



	>29
	42 (29.2)
	102 (70.8)
	1
	1
	



	MDD score
	Not adequate
	33 (17.9)
	151 (82.1)
	0.69 (0.44, 1.1)*
	0.83 (0.49, 1.40)
	0.49



	Adequate
	70 (24.0)
	222 (76.0)
	1
	1
	



	Women Education status
	Elementary
	52 (29.5)
	124 (70.5)
	1.88 (1.11, 3.19)*
	1.84 (1.03, 3.31)**
	0.041



	High School
	24 (15.8)
	128 (84.2)
	0.84 (0.46, 1.54)
	0.96 (0.50, 1.86)
	0.91



	College
	27 (18.2)
	121 (81.8)
	1
	1
	



	History of malaria infection in the current pregnancy
	Yes
	18 (29.0)
	44 (71.0)
	1.58 (0.87, 2.88)*
	4.13 (1.95, 8.75)**
	<0.001



	No
	85 (20.5)
	329 (79.5)
	1
	1
	



	Health Insurance
	Insured
	26 (15.2)
	145 (84.8)
	0.53 (0.32, 0.87)*
	0.60 (0.32, 1.12)
	0.11



	Not insured
	77 (25.2)
	228 (74.8)
	1
	1
	



	Slept last night under ITN
	Yes
	60 (17.3)
	286 (82.7)
	0.42 (0.27, 0.67)*
	0.47 (0.29, 0.80)**
	0.005



	No
	43 (33.1)
	87 (66.9)
	1
	1
	



	Meal frequency
	2 or 3 meals
	53 (27.6)
	139 (72.4)
	2.74 (1.32, 5.71)*
	2.17 (0.98, 4.82)
	0.05



	3 meals, 1 snack
	40 (19.8)
	162 (80.2)
	1.78 (0.84, 3.75)*
	1.56 (0.71, 3.42)
	0.27



	3 meals, 2+ snack
	10 (12.2)
	72 (87.8)
	1
	1
	




	*Significant by unadjusted logistic regression (p < 0.25).


	**Atatistically significant associations (p < 0.05) or (p < 0.001).


	IFA, iron folic acid; ITN, insecticide treated net; $US, united states dollar; BMI, body mass index.










Discussions

This study observed various factors which had association with anemia during pregnancy. The respondent's IFA intake in the current pregnancy, age, education level of women, history of malaria infection in the current pregnancy, and nighttime sleeping under ITN were statistical predictors of anemia in pregnancy. However, variables such as women's MDD score, membership in community-based health insurance, and meal frequency in pregnancy were statistically significantly associated with the anemia during pregnancy in the unadjusted logistic regression model only.

This study revealed that IFA intake during antenatal visit were protective against anemia in pregnancy. This was in line with the evidence from the study in Ethiopia (19, 32) and elsewhere (15). This statistical association could possibly show protection of maternal dietary iron and folate deficiency through supplementation helped in maternal anemia prevention. Most women in this study had received plant source foods and this might have influenced on anemia status. This was because plant source foods mainly have non-heme iron which has low bioavailability and contains antinutrient inhibitors (such as, iron) of phytates (10, 33, 34), tannins, oxalates, saponins, and others (34). Even-though caffeine (which is an active component in the tea, cocoa, and coffee) is a phytoceuticals (antioxidant, anti-free radicals, or anti-inflammatory agent) (35, 36), it could affect the bioavailability of iron as an adverse effect (34, 37, 38). This was because more than half of the respondents (56%) reported as received tea or coffee within 30 min after consuming foods. The finding was in-line with the fact that IFA supplementation reduces anemia risk as reported by the World Bank group investment framework for meeting the global nutrition target to achieve 2025 mission of 50% anemia reduction in reproductive age women (1). More importantly, a recent Ethiopian nationwide survey also observed improvement in IFA intake over time and a reduction in anemia incidences in pregnant women of Ethiopia (6).

In this study, evidence was limited to declare statistical association of W-MDD score and anemia in pregnancy. The finding was not consistent with reports elsewhere (18, 19) in that statistical association was observed between anemia and inadequate dietary diversity score. The micronutrients (such as, iron, folate, and others) bioavailability inhibitors in plant foods (10, 33, 34) and consumption of tea (34, 37, 38) immediately after food consumption are another important factor that could have affected the influence of dietary diversity on the outcome variable. This was because majority of participants consumed plant source foods. Moreover, avoiding some foods in pregnancy due to reasons (Table 2) could have played a role to affect the effect of dietary diversity on the outcome.

In the current study, increasing maternal age was statistically associated with anemia. This was consistent with a recent meta-analysis estimate in Egypt (15). However, evidence was limited according to a pocket study reported from Oromia region of Ethiopia (39). This positive relationship could probably show that being an old age pregnancy (age ≥30 years) could be one of the risk pregnancies for anemia among others.

As revealed in the current study, higher educational attainment of women was protective against anemia in pregnancy. A recent Ethiopian Demography and Health survey report of 2016 (27) and a cohort study among pregnant women from 8 provinces of China showed similar results as anemia prevalence was decreasing with increasing education level of women (40). When women become highly educated, they will be healthier (41). This possibly shows that better health-related awareness for well-being and health-related self-protection practices among educated women may have influenced their choice for anemia risk protective practices in pregnancy, as justified elsewhere (41, 42).

Pregnant women who had a history of malaria infection any time in the current pregnancy were at risk for anemia in pregnancy. Similarly, in the place where there was high malaria risk, the risk for anemia was a high in Nigeria (43). Other evidence in Kenyan coast and Tanzania supported the relationship too (44, 45). This was due to excess removal of maternal erythrocytes by Plasmodium species (46) in that maternal hemoglobin concentration will be reduced.

The insecticide treated bed net (ITN) is a mosquito repellent and/or killer bed net made of mainly polyester or polyethylene (47). The combined net was more effective than uncombined (47). Women who slept last night under ITN were protected against anemia in pregnancy. This was possibly related to a lower risk of malaria infection for women who slept under ITN even though the study locality was known for high malaria prevalence in Ethiopia. The CDC and the Malaria Consortium stated that using ITN was the most effective and most used malaria preventive strategy in the areas where malaria was prevalent and endemic, being a barrier to mosquito bites and having an insecticidal effect (48, 49). Women who were infected with malaria in pregnancy were more likely to be anemic in pregnancy, as suggested elsewhere (43–45, 50).



Strengths and limitations


Strengths

Using the health facility laboratory result of blood hemoglobin level to access participant anemia data was useful to minimize recall bias. Mixed use of behavioral factors (ITN, malaria status, diet, and others) and clinical factors (such as IFA) to show association with anemia status is comprehensive.



Limitations

None use of serum ferritin, serum iron, soluble transferrin receptors biomarkers, or red cell morphology (for vitamin A, B9, B6, B12, or riboflavin deficiency) due to resource limitations might have affected the result to differentiate iron or vitamin deficiency anemia (51). The participant selection, social desirability and recall bias could have affected the result. The selection bias was minimized using random selection with proportional allocation of respondents. The social desirability bias was minimized using objective clarity to the respondents before the start of interview. The recall bias was minimized by limited recall to the last 24-hours of the food consumed by the respondent. The results of this study could have been affected by the exclusion of non-antenatal visiting pregnant women who were at home during the study period. Design related causal association was another limitation.




Conclusions

The substantial number of respondents were anemic in the study region. Supplementation with iron and folic acid during pregnancy lowers the occurrence of anemia in pregnancy. Women during antenatal follow-up should be encouraged to take IFA supplements. Moreover, sleeping under ITN and other malaria prevention interventions should be advised to pregnant women to be protected from anemia in pregnancy.
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