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ABSTRACT 

ORIGINAL ARTICLE 
 

Background: Women in conflict are vulnerable to health and nutrition risks. 

Anemia and underweight are the common risks faced by women particularly in 

war torn countries. Yemen is one of the most affected places that has a fragile 

public health system due to the conflict. Increasing conflict has put women’s 

health and wellbeing at risk and has severely affected their nutritional 

development. Therefore, this study aims to examine the association between 

underweight and anemia with different risk factors among married women in 

Yemen. Methods: This study used the data from Yemen demographic health 

survey-2013 (YDHS-2013) of married women aged 15-59 year. Bivariate and 

multivariate logistic models were used to study the association between anemia 

and underweight with various socio-economic and maternal health risk factors. 

Results: A positive and significant association of socio-economic and maternal 

health risk factors was found with anemia and underweight.  Women belonging to 

more prosperous groups had the lowest odds of underweight [OR=0.30, 

P<0.001)] and anemia [OR=0.61, P<0.001). The study also examined some key 

risk factors like breast feeding, iron supplements and contraceptive use among 

women and found a positive and significant association of these risk factors with 

underweight and anemia. Conclusions: Nutritional challenges have to be 

addressed especially in the country like Yemen. The results clearly indicate that 

women in Yemen are facing acute nutritional risks of underweight and anemia. 

Therefore, policy interventions are required to address their nutritional needs and 

also empower them economically to minimize these nutritional risks. Moreover, 

nutrition related interventions are required to attain the targets for sustainable 

development goals in Yemen.  
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Introduction 

oor nutrition and anemia among reproductive 

women has a significant impact on their 

physical and maternal health. Various socio-

economic and contextual factors can result in 

poor nutrition of women and hence significantly 

affect their health and wellbeing (Creed-

Kanashiro et al., 2003; Salem et al., 2016). 

Malnutrition among women has a substantial 
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impact on their own health and their  children’s 

health (Dewan, 2008; Müller & Krawinkel, 2005). 

Despite significant improvements in nutrition and 

health outcomes, a good proportion of women and 

children suffer from malnutrition in developing 

countries  (Desyibelew & Dadi, 2019). Women 

particularly belonging to vulnerable groups are at 

greater risk of nutritional deficiencies due their 

conditions and the socio-economic 

marginalization they face due to contextual 

factors like conflict (Singh et al., 2021). Around a 

quarter of the world’s population is suffering 

from anemia and a significant part of this 

population belongs to poor countries (MOPHP et 

al., 2013; Owais et al., 2021). Anemia also 

accounts for 8.8% of total disability according to 

World Health Organization estimates. Although 

significant health improvements have been 

observed in middle east, Yemen has  the poorest 

health system due to persistent conflict and civil 

wars (Abu-Ismail, 2020; Salisbury, 2017). 

Anemia is one of the serious problems in Yemen, 

affecting more than half of the women in this 

country (MOPHP et al., 2013). According to 

world bank estimates, about 36% of women in 

Yemen are suffering from anemia with serious 

health complications (Akabat et al., 2017; Salem 

et al., 2016). Moreover, women who are at risk of 

anemia are not only threaten their own health, but 

also their children’s wellbeing (Gautam et al., 

2019; Nankinga & Aguta, 2019). Anemia among 

women is, therefore, a key public health challenge 

among the reproductive women in Yemen. 

Nutritional status is important for women’s 

maternal health and their overall wellbeing, in 

terms of their pregnancy outcomes and post-

delivery care of children during early periods of 

breastfeeding (Desyibelew & Dadi, 2019; Wells 

et al., 2020). Although this effect is exacerbated 

by severe malnutrition, many studies have shown 

that better nutrition among mothers before and 

during pregnancy is important for healthy 

pregnancy outcomes (Barker et al., 2018; 

Koletzko et al., 2019; Nguyen et al., 2017). 

Mothers with poor nutrition are at risk of delivery 

complications with a higher probability of 

cesarean delivery (Wells et al., 2020). It may also 

hamper the child’s growth due to inadequate 

quantity and quality of nutrients taken by mothers 

in their maternal diet (Christian & Smith, 2018; 

Schwarzenberg et al., 2018).  

Underweight is emerging as a challenge in 

countries like Yemen, Lebanon, and Syria owing 

to the persistent conflicts and civil wars. Research 

studies have shown that food consumption habits 

are highly affected in conflicts due to 

micronutrient deficiencies resulting in 

underweight and anemia among women (Sumbele 

et al., 2020; Young & Ramakrishnan, 2020). 

These changes are observed mainly among 

women who are always vulnerable to any socio-

economic and political crisis (Bendavid et al., 

2021). 

Underweight has significantly affected the 

health of women in Yemen due to the ongoing 

conflict and civil war (Alflah et al., 2017). 

Studies have shown that poor nutrition is a critical 

nutritional outcome particularly in conflict 

affected regions. Women do not have physical 

and economic access to sufficient safe and 

nutritious food that may fulfil their dietary 

requirements (Sserwanja et al., 2020). Although 

various reports and international assessments 

have highlighted these challenges of anemia and 

underweight (WHO, 2020),  very limited studies 

in Yemen have been conducted to examine the 

anemia levels and nutrition status of women 

(Akabat et al., 2017; Alflah et al., 2017). 

Therefore, the present study aimed to examine the 

association between Anemia and underweight 

with socioeconomic and maternal health 

characteristics in Yemen based on the Yemen 

demographic health survey (YDHS-2013), which 

is the latest available demographic health survey 

in the country.  

Materials and Methods 

Study design and participants: This study used 

the data from 2013 YDHS-2013. YDHS is the 

second survey conducted in Yemen by a joint 

collaboration of health ministry in Yemen and 

USAID. It is one of the main sources of data to 
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provide an overview of maternal and child health 

in Yemen (MOPHP et al., 2013). Due to the 

ongoing civil wars, Yemen has faced a 

challenging health crisis where reliable 

information on public health is scarce (Ahmadzai 

et al., 2016). Therefore, in this study, the latest 

survey was used which is the second round of 

YDHS. The survey was conducted in all the 20 

governorates of Yemen with the aim of providing 

key information and collecting data on various 

health related outcomes. The survey was 

conducted based on a stratified two-stage cluster 

sampling design, consisting of 587 rural and 213 

urban clusters. The detailed information about the 

survey and sampling is given in the final reports 

of YDHS (MOPHP et al., 2013). In this study, 

22067 married women with body mass index 

(BMI) information were examined for 

underweight, and 7380 women were studied for 

anemia.  
The survey provides a data on wide range of 

issues varying from fertility, childhood mortality, 

family planning preferences to maternal and child 

health of respondents mainly women aged 15-49 

years. Only non-pregnant women were included 

in the study, since pregnancy outcomes nullify the 

values of BMI data. Moreover, the survey did not 

collect information on women who gave birth 2 

months before the survey; therefore, they were 

not included in the study.  

The study used two outcome variables to 

examine anemia and underweight among married 

women in Yemen. Anemia was determined based 

on the hemoglobin level in the blood test of the 

respondents who voluntary consented. Mothers 

with less than 11.0 g of hemoglobin per deciliter 

were considered as anemic in the study (Nankinga 

& Aguta, 2019). The study categorized anemia 

levels into three categories of mild, moderate, and 

severe to understand further outcomes of anemia 

among women in Yemen. The detailed 

classification of anemia levels according to the 

world health organization (WHO) criteria are 

given in the supplementary table SI.  Finally, for 

regression model, women with mild, moderate, 

and severe anemia levels were coded 1 and those 

without any anemia were coded 0. 

Nutritional status is critical to determine the 

health and wellbeing of women. The study used 

standard measures to examine the underweight 

status of married women in Yemen. Height and 

weight were used to calculate the BMI of the 

studied women. BMI of less than 18.5 kg/m
2
 

indicated undernutrition. It was then categorized 

into mild, moderate, and severe undernutrition 

based on the WHO classification (WHO, 2021).  

Measurements: A set of common variables 

were identified including socio-economic and 

household characteristics to examine anemia and 

underweight levels among women in Yemen. 

Therefore, several independent variables like age, 

mother’s education, occupation, partner’s 

education and wealth status, and residence were 

included in the study. Some key variables were 

also included such as mass media exposure, 4
+
 

Antenatal care visits (ANC), delivery type, breast 

feeding status, and age at the time of marriage. 

All the variables were coded and later included in 

the final model. The detailed categorization of the 

variables is included in the supplementary file.  

Data analysis: Bivariate analysis was carried 

out to study the sample characteristics. Pearson’s 

chi-squared test was used to assess the frequency 

distribution of main outcome variables with 

various exposure variables. Finally, a binary 

regression model was fitted to examine the 

association between outcome and explanatory 

variables in the study. Both P-values and 

confidence intervals were obtained at alpha=0.05 

to examine the chance of a statistically significant 

association between the predictors and outcome 

variables. All analyses were carried out in 

STATA-15  

Results  

Figure 1 shows that the highest level of anemia 

was in the Abyan region (92.37%), whereas it is 

lowest in the Ibb region (46.31%), similarly 

looking at the underweight, it is lowest in the Al-

Baidha region, whereas highest in the (40.32%) 

Al-Hodiedah region of Yemen.  

Table 1 shows the prevalence of anemia 
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among married women in the sample population. 

About 70% of women were anemic and more than 

5% of them were severely anemic. Women at 

upper age groups were severely anemic and 

women with poor income status (4.5%) and 

residing in rural areas (4.1%) were also severely 

anemic. Working women were found to be more 

anemic (71%) and severely anemic (4%) in the 

sample population. About 4% of breastfeeding 

women were found to be severely anemic 

compared to 3% of women who were not 

breastfeeding their children. Also, 73% of women 

taking iron supplements were anemic and about 

4% of them were severely anemic in Yemen. The 

prevalence of other risk factors can be seen in 

Table 1. A p-value of 0.05 or lower was 

considered to be statistically significant.  

Table 2 shows the prevalence of underweight 

among married women in Yemen. About 24% of 

women were thin and nearly 5% of them were 

severely thin. The results clearly show that 

women belonging to poor families, low literacy, 

and rural areas had a higher prevalence of 

malnutrition. More than 25% of non-working 

women were thin with BMI of less than 18.5 

kg/m
2 

and about 5% of them were severely thin. 

Also, 27% of women who were not taking any 

contraceptive pills were severely thin compared to 

12% of women who were taking contraceptive 

pills. Among the subjects, 25.7% of women who 

were not taking any iron supplements were 

underweight compared to 19% of women who 

were taking iron supplement. The results were 

significant at 5% level of significance, which was 

measured using chi-square test of significance.  

Table 3 presents the results of risk factors 

associated with anemia and underweight among 

married women in Yemen.  Women at higher ages 

were less likely to be underweight. Women aged 

40-49 had lower odds of being underweight 

(OR=0.36, P<0.001) compared to the 15-19 age 

group. The results for anemia were opposite but 

insignificant. Regarding wealth index, women in 

more prosperous groups had lower odds of being 

underweight. Women belonging to rich 

households had the lowest odds of being 

underweight (OR=0.30, P<0.001) compared the 

ones belonging to poor households. A significant 

association was also found between anemia and 

income. Poor women (OR=0.66, P<0.001) were 

at greater odds of having anemia compared to 

women who belong to rich households (OR=0.61, 

P<0.001). The study also examined some key risk 

factors like breast feeding, iron supplements, and 

contraceptive use among women in Yemen. The 

results showed that women using any 

contraceptive pills were less likely to be 

underweight (OR=0.65, P<0.001) and have 

anemia (OR=0.64, P<0.001). Breastfeeding 

women had a greater probability to be 

underweight (OR=1.32, P<0.001) have anemia 

(OR=1.34 P<0.001). In terms of iron 

supplements, a significant and positive 

association was found between women taking 

iron supplements and underweight (OR=1.21, 

P<0.001) and anemia (OR=1.28, P<0.001). 
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Table 1. Prevalence of anemia (%) by risk factors among married women in Yemen. 

 

Variables Total anemia Mild anemia Moderate anemia Severe anemia P-value
a
 

Age group (year) 

   15-19 

 

68.2 

 

38.9 

 

26.8 

 

2.5 
0.005 

   20-29 71.5 38.4 29.7 3.4  

   30-39 72.5 37.3 32 3.2  

   40-49 68.9 36.1 28.7 4.1  

Residence 
    

0.005 

   Urban 65.5 40.3 23.7 1.5  

   Rural 73.2 36.8 32.3 4.1  

Mother’s education 
    

0.015 

   Illiterate 74.8 36.5 33.8 4.5  

   Primary school 67.9 38.4 26.9 2.6  

   Junior high school 66.9 39.5 25.3 2  

   Higher 67.7 41.2 25.1 1.4  

Mother’s occupation 
    

0.045 

   Not Working 70.5 38 29.4 3.1  

   Working 71.5 38.2 28.9 4.4  

Husband’s education 
    

0.005 

   Illiterate 70.6 38.4 29.1 3.2  

   Primary school 71.4 34.8 32.5 4.1  

   Junior high school 70.6 40.1 28 2.5  

   Higher 67.5 41.2 23.8 2.5  

Wealth index 
    

0.031 

   Poorest 80.1 34.6 39.4 6.1  

   Poorer 72.2 35.5 32.5 4.2  

   Middle 71.9 40.4 28.7 2.8  

   Richer 65.7 36.3 27.2 2.3  

   Richest 64.9 42.4 21.2 1.3  

Breast feeding 
    

0.025 

   No 69.5 37.9 28.6 3.0  

   Yes 75 38.4 32.5 4.0  

Contraceptive use 
    

0.005 

   No 72.2 37.7 30.9 3.6  

   Yes 64.4 39.1 23.6 1.6  

Iron supplementation 
    

0.048 

   No 70.1 37.8 29.2 3.2  

   Yes 73.9 39.4 30.8 3.7  

a: Chi-square test; Anemia: Hemoglobin < 11 g/dl; Mild anemia: Hemoglobin 10-10.9 g/dl; Moderato anemia: Hemoglobin 7-9.9 

g/dl; Severe anemia: Hemoglobin <7 g/dl:  
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Table 2. Prevalence of underweight by risk factors among married women in Yemen. 

 

Variables 
Total 

underweight 

Mild 

underweight 

Moderate 

underweight 

Severe  

underweight 
P-value

a
 

Age group (year) 
    

0.034 

15-19 36.4 20.5 8.8 7  

20-29 25.4 14.5 6.4 4.5  

30-39 17.3 9.4 4.2 3.7  

40-49 14.5 7.5 3.8 3.2  

Residence 
    

0.042 

Urban 17.1 9 4.5 3.5  

Rural 29 16.5 7.1 5.5  

Mother’s education 
   

0.005 

Illiterate 25.8 14.1 6.6 5.1  

Primary school 24.4 14 5.9 4.5  

Junior high school 27.2 15.3 6.8 5.1  

Higher 16.7 8.9 3.4 4.4  

Mother’s occupation 
   

0.012 

Not Working 25.5 14.2 6.3 5  

Working 16.1 9.7 3.9 2.4  

Husband’s education 
   

0.022 

Illiterate 31.1 17.1 7.7 6.3  

Primary school 21.5 11.8 5.6 4  

Junior high school 16.1 10.3 3.7 2.1  

Higher 10.2 5.6 2.5 2.1  

Wealth index 
   

0.013 

Poorest 42.2 21.5 11.6 9  

Poorer 30.5 17.6 7.3 5.6  

Middle 23.8 14.7 5.4 3.8  

Richer 18.3 10.4 4.3 3.7  

Richest 14.8 8 3.8 3  

Breast feeding 
   

0.005 

No 24.9 13.9 6.1 4.9  

Yes 24.9 14.1 6.4 4.3  

Contraceptive use 
   

0.005 

No 28.7 15.9 7.1 5.7  

Yes 12.1 7 3.1 1.9  

Iron supplementation 
   

0.013 

No 25.7 14.3 6.4 5  

Yes 18.9 11.2 4.7 3  

Total 24.9 13.9 6.2 4.8 
 

a: Chi-square test; Underweight: BMI <18.5 kg/m2; Mild Underweight: BMI 17-18.49 kg/m2; Moderato Underweight: BMI 16-16.99 

kg/m2; Severe Underweight: BMI <16 kg/m2: 
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Table 3. Risk factors of underweight (BMI=<18.5) and anemia (<11.0 g/dl) among married women in Yemen. 

 

Variables 
Underweight  (BMI=<18.5 kg/m

2
) Anemia (<11.0 g/dl) 

Odds ratio Confidence intervals 95% Odds ratio Confidence intervals 95% 

Age group (year) 
    

15-19 1 
 

1 
 

20-29 0.75 
a
 [0.68-0.81] 1.07 [0.92-1.25] 

30-39 0.48
 a
 [0.42-0.53] 1.14 [0.95-1.37] 

40-49 0.36
 a
 [0.32-0.41] 1.09 [1.89-1.34] 

Residence       

Urban 1 
 

1 
 

Rural 0.99 [0.89-1.10] 1.01 [0.85-1.16] 

Mother’s education 
    

Illiterate 1 
 

1 
 

Primary school 1.01 [0.91-1.09] 0.97 [184-1.125] 

Junior high school 1.28
 a
 [1.14-1.43] 0.89 [0.74-1.07] 

Higher 1.16 [0.96-1.39] 0.95 [0.730-1.24] 

Mother’s occupation       

Not Working 1 
 

1 
 

Working 0.91 [0.79-1.06] 0.96 [0.78-1.18] 

Husband’ education      

Illiterate 1 
 

1 
 

Primary school 0.75
 a
 [0.69-0.83] 1.03 [1.20-1.45] 

Junior high school 0..65
 a
 [0.58-0.73] 1.17b [1.20-1.45] 

Higher 0.52
 a
 [0.43-0.61] 1.03 [1.20-1.45] 

Wealth index       

Poorest 1 
 

1 
 

Poorer 0.62
 a
 [0.56-0.68] 0.66

 a
 [0.55-0.79] 

Middle 0.47
 a
 [0.43-0.53] 0.75

 a
 [0.62-0.90] 

Richer 0.36
 a
 [0.32-0.40] 0.58

 a
 [0.47-0.71] 

Richest 0.30
 a
 [0.26-0.34] 0.61

 a
 [0.48-0.78] 

Breast feeding       

No 1 
 

1 
 

Yes 1.32
 a
 [1.20-1.45] 1.34

 a
 1.15-1.57] 

Contraceptive use      

No 1 
 

1 
 

Yes 0.65
 a
 [0.59-0.72] 0.64

 a
 [0.55-0.73] 

Iron supplementation       

No 1 
 

1 
 

Yes 1.21
 a
 1.07-1.38] 1.28

 a
 [1.06-1.55] 

Not being underweight is the reference category for underweight and not having any anemia for anemia ; a: Significant at 1%, 
b:Significant at 10%. 
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Figure 1. Prevalence of Anemia and underweight among married women in Yemen 

Note: Authors own computation from Yemen DHS-2013. 

 

Discussion 

Anemia and underweight are the key concerns in 

public health policy, due to their impact on 

vulnerable populations like elderly, women, and 

children. Women particularly belonging the poor 

countries are likely to suffer more due to their 

vulnerability to health and wellbeing factors. This 

study aimed to make a comprehensive approach to 

examine the prevalence and association of 

underweight and anemia among the married 

women in Yemen with some key risk factors.   

One of the important goals of sustainable 

development goals (SDGs) is to end poverty and 

avert the food security risk with aim of reducing 

nutrition related challenges (Assembly, 2015; 

Robert et al., 2005).With more than 800 million 

people undernourished in developing countries, 

women are the most vulnerable to this nutritional 

challenge, affecting their health and endangers 

their life for mortality (Dewan, 2008). Therefore, it 

is important to understand the underlying causes of 

underweight and prevailing risk factors undertaken 

in this study. This study found the strong 

association between underweight and various 

socioeconomic and maternal outcomes in Yemen. 

Although women are less likely to be underweight 

at older ages, their risk of being under weight is 

usually higher at early ages. This is in line with 

many studies, in which married women at early 

ages are at a greater risk for undernutrition (Kamal 

& Islam, 2010; Mtumwa et al., 2016). By 

analyzing the wealth index in the present study, it 

was found that women were less likely to be 

undernourished from rich households compared to 

women belonging to poor households. The study 

results are line with studies, in which underweight 

was found to be significantly lower among women 

belonging to groups with better income (Ali, Ali, et 

al., 2020; Sserwanja et al., 2020).  

Although socio-economic outcomes play an 

important role, factors like breastfeeding, iron 

supplementation, and contraceptive use were also 

examined in this study. The results of the fitted 

model showed a strong association between 

underweight and the selected risk factors. It was 

found that women breastfeeding their children are 

at greater risk for being undernourished. Studies 

have reported that breastfeeding can lead to 

maternal underweight (Dewey et al., 2001). The 

current study showed a positive and significant 

association between underweight and iron 

supplement intake, so that underweight women 

used more iron supplements. Although greater 

intake of iron supplements is a key factor, 

underweight in mothers taking iron supplements is 

indicative of malnutrition due to lack of adequate 

food and other nutrients in Yemen.  

Anemia is a major public health concern in 

developing countries. It not only affects the health 

of mothers, but also endangers their wellbeing in 
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their reproductive ages. Although socio-economic 

factors affect significantly women’s health, factors 

like lack of iron supplementation and breastfeeding 

endanger them for being anemic. Anemia is 

affected by not only the socio-economic status, but 

also factors like breastfeeding and iron 

supplementation can affect the nutritional status of 

women. This study examined the anemia levels of 

women in Yemen based on various socio-

economic and risk factors.  This study found a 

significant association between anemia and income 

status (Hakizimana et al., 2019). Women 

belonging to richer households were found to be 

less likely at risk of anemia compared to women 

belonging to poor households. A similar 

relationship was also found between socio-

economic factors and anemia levels, but the results 

were not significant. Examining contraceptive use 

as a determinant of anemia, the results found that 

women with contraceptive use were at lower risk 

of having anemia. These findings are in line with 

studies conducted in various countries 

(Gebremedhin & Enquselassie, 2011; Hakizimana 

et al., 2019; Mawani et al., 2016).  This study also 

tested the breastfeeding status of women with 

anemia levels. It was found that women 

breastfeeding their children were likely to be more 

anemic. The results were in line with the earlier 

studies conducted in both Yemen and other 

developing countries (Alflah et al., 2017; Ali, 

Abbasi, et al., 2020; Hakizimana et al., 2019; 

Nankinga & Aguta, 2019). While examining the 

anemia levels, it was also found that women with 

anemia were more likely to take more iron 

supplements due to their poor nutrition and dietary 

intakes (Teshale et al., 2020).  

This study provides a thorough analysis of 

nutritional risk among married women in Yemen. 

There are some key strengths that make the study 

novel. First, the study has a representative sample 

size. Second, this study highlights the key 

problems of nutritional challenges that must be 

addressed by policy makers. Finally, this study 

seems the first to analyze anemia and underweight 

among women in Yemen. This study has few 

limitations and one of the limitations the cross-

sectional nature of the study. Also, the data 

available for 2013, do not give the current scenario 

of nutritional status in Yemen. A key limitation of 

this study was the use of BMI as a measure of 

nutritional status for women, which does not 

predict the true nutritional status of women 

particularly under the age of 18 year. The study 

only focused on married women, so the results 

may not be generalized for women having other 

marital status in Yemen.  

Conclusion 

Yemen is suffering from one of the worst 

humanitarian crisis with an already fragile public 

health system. Women and children are at risk of 

nutritional challenges due to lack of optimal socio-

economic conditions, fragile health environment, 

and poor contextual factors like conflict. 

Therefore, this study investigated the risk factors 

of anemia and underweight to examine the 

nutritional challenge of married women in Yemen. 

According to the results, an association was found 

with the risk factors such as income, occupation, 

and other risk factors like breastfeeding, 

contraceptive use, and iron supplementation. 

Nutritional challenges of women in Yemen need 

urgent attention worldwide. Therefore, 

interventions are required to address the nutritional 

needs of women and empower them economically 

to reduce the risk of anemia and underweight. 

Nutrition related intervention care is also needed to 

lower the nutritional risk and attain the SDGs in 

Yemen.  
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could have influenced its outcome 
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