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Abstract 

Background: Anaemia and malnutrition remain jointly a serious health issue worldwide 

especially in developing countries. In Lesotho, the prevalence of anaemia and malnutrition 

remains highly significant especially among children less than five years of age.  

Objectives: The primary objective of the present study was to determine the association 

between anaemia and malnutrition, and identify the associated factors with the two diseases 

among children less than five years of age in Lesotho. 

Methods: The present study was cross-sectional and used secondary data from the 2014 

Lesotho Demographic Health Survey (LDHS). The study considered a total number of 3112 

children and utilized a multivariate joint model under the scope of the generalized linear mixed 

model (GLMM) for the data analysis.  

Results:  The prevalence of anaemia and stunting in children less than five years of age were 

51% and 43% respectively. The multivariate results revealed that there is a strong relationship 

between anaemia and malnutrition. In addition, the results indicated that education, residence, 

wealth index and childbirth weight have a significant effect on stunted or malnourished child, 
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while child with fever and diarrhoea have a significant effect on anaemia. Lastly, child’s age 

has a significant effect on both stunting and anaemia. 

Conclusion: The study indicated a strong association between anaemia and stunting or 

malnutrition in the long-term, and controlling one disease should result in reducing the other. 

The socio-economic, geographical and demographic variables have a significant impact on 

improving stunting and anaemia. Thus, improving nutrition in children less than five years, 

especially those from rural area and having a birthweight less than 2500g, and educating the 

mothers to take their children to the health care facility when they have fever and diarrhoea, 

especially those from poor background, would contribute immensely to the reduction of 

malnutrition and anaemia in children from Lesotho. 

Keywords: Malnutrition, anaemia, correlation, multivariate joint model, children less than 

five years of age and LDHS. 

 

1.      Introduction 

Malnutrition and anaemia jointly remain health problems worldwide especially in developing 

countries (Leal et al., 2011; Yang et al., 2012; Aheto et al., 2015).  Malnutrition and anaemia 

are the main causes of morbidity and mortality worldwide, particularly in children and pregnant 

women (Black et al., 2013; Kavosi et al., 2014; Aheto et al., 2017).  

Anaemia is defined as a low level of haemoglobin concentration (Hb) in the blood. According 

to the World Health Organization (WHO), children less than five years of age are considered 

anaemic when the Hb level adjusted for altitude is less than 11 g/dl (Gayawan et al., 2014; 

WHO, 2015; Kejo et al., 2018). The cause of anaemia is multifactorial and iron deficiency 

contributes about 50% of the total causes.  Insufficient folate, vitamin B12, protein deficiencies, 

nutrients and some parasitic diseases, such as malaria and diarrhoea among others, can also 

contribute in increasing anaemia (El Kishawi et al., 2015; Gaston et al., 2018). Childhood 

anaemia can have a negative effect on cognitive development, performance in school, physical 

growth and immunity (Sachdev et al., 2005; Kounnavong et al., 2011; Gaston et al., 2018).  

Malnutrition is a condition that appears as insufficient food intake and other mineral resources 

or consuming too much nutrient. In developing countries, the nutritional status of a child can 

be used as an indicator of health problems (Masibo and Makoka, 2012). Childhood malnutrition 



can also result in negative effects in the long run, such as poor performance at school, poor 

psychomotor development, lower capacity for work and lower quality of life in adulthood 

(Okoromah et al., 2011; Black et al., 2013; Kassebaum et al., 2017). 

The nutritional status of a child is mainly evaluated using the anthropometry method, and this 

method uses different indicators to decide whether an individual is malnourished or nourished 

(normal nutritional status) (MOHSW and ICF, 2016). Stunting indicator (short height-for-age) 

indicates chronic or long-term malnutrition, wasting (low-weight-for-height) indicates a failure 

to receive adequate food intake or a recent period of illness causing the loss of weight (acute 

malnutrition), while underweight is the composite index of wasting and stunting (MOHSW and 

ICF, 2016). 

The three anthropometric variables are measured based on Z-score and the higher value of Z-

score, the better the nutrition status.  The WHO describes an individual as stunting, wasting or 

underweight when their z-score falls below minus two standard deviations (SD) (Bardosono et 

al., 2007; Kazembe et al., 2013; Anticona and Sebastian, 2014; MOHSW and ICF, 

2016).  Stunting, wasting and underweight can be used independently or together depending 

on the reason for the assessment and the idea of mediation. For instance, when the goal is to 

get prompt ideas of a community or a large number of people to understand the extent of 

information in the short term, the wasting measurement would be useful to provide adequate 

information. When the target to assess the nutritional status of an individual’s group is for the 

long term, stunting can be helpful. However, when the target is to get information and decide 

the kind of programs to implement in a specific region, the study can include all three 

anthropometric measurements (Setboonsarng, 2005; Rahman et al., 2019). The present study 

used stunting as an indicator of long-term malnutrition to examine the correlation between 

anaemia and malnutrition (Olney et al., 2009; Mohammed et al., 2019; Rahman et al., 2019).  

Despite the effort and progress made to improve the childhood nutrition status and fight against 

anaemia, nonetheless, challenges remain. Globally in 2017, 151 million children less than five 

years of age were stunted, 51 million wasted and 38 million overweight.  Among those 

children, three quarters were from the South-East Asian and African regions (UNICEF, 2017). 

The prevalence of anaemia in children less than five years in 2011 was approximately 43% 

globally, and the highest number was from the African and South Asian regions (Milman, 

2011; WHO, 2011; Kejo et al., 2018). 



In Lesotho, anaemia and malnutrition in children less than five years remains a health problem, 

where 51% and 53% are anaemic and malnourished, respectively (MOHSW and ICF, 

2016). These percentages indicate that the prevalence of the two diseases are still high in that 

country.  Therefore, an improvement in health care, nutrition and reducing anaemia in children 

less than five years of age is most important as they are the future leaders of the country (Gaston 

et al., 2018). In addition, understanding the link between anaemia and malnutrition and other 

associated factors will help the policy-makers and donors in planning and focussing on children 

less than five years of age. In Lesotho, studies about anaemia and malnutrition in children less 

than five years are limited, to name a few such as Worku et al. (2003); Renzaho (2006); Gaston 

et al. (2018); and Letuka and Frade (2020). All the above-mentioned studies were interested in 

modelling anaemia or malnutrition and other associated factors separately, and those models 

have their own advantages; however, they cannot address the association between the two 

diseases. 

Generally, previous studies interested in modelling anaemia and malnutrition simultaneously, 

such as those by Olney et al. (2009), Yang et al. (2012), Adeyemi et al. (2019), and Rivadeneira 

et al. (2020) among others, showed a significant effect between the two diseases. 

However, the prevalence of anaemia or malnutrition differs in each country and can depend on 

variability of accessing health care and the food intake with enough nutrients across different 

countries (Gaston et al., 2018). 

Based on literature and our understanding, no study has been carried out in Lesotho using a 

multivariate joint model for anaemia and malnutrition simultaneously among children less than 

five years of age. The present study used multivariate joint model under the scope of 

Generalized Linear Mixed Model (GLMM) developed by Breslow and Clayton (1993) to 

include the random effect in the model. The random effect is unable to model the correlation 

between one or more responses variables (Hedeker, 2005; Agresti, 2015; Gaston and Ramroop, 

2020). Furthermore, the multivariate under a GLMM has focal points in comparison of the 

separated model, such as controlling type 1 error rate in the various tests. In addition, the 

multivariate joint model is better for expansion in the capacity of the parameter estimate and 

the capacity to address particular questions (Guerguieva, 2001; Molenberghs and Verbeke, 

2005). 



Therefore, the present study contributes to existing separated models for anaemia and 

malnutrition into multivariate joint model using generalized linear mixed model (GLMM) to 

simultaneously model the association between anaemia and malnutrition and explore other 

associated factors, which highlights the uniqueness of this study. 

2. Materials and Methods 

2.1. Study area 

Lesotho is one of the smallest landlocked countries in Southern Africa and is surrounded only 

by South Africa.  Lesotho has a total surface area of 30355 square kilometres with an estimated 

population of about of 2.2 million. Lesotho has ten politico-administrative districts with 

Maseru as the capital city, and is ruled by a King as the head of state and the Prime Minister 

rules the country as head of the government. The kingdom of Lesotho is known for its abundant 

water resources and high altitude. In addition, the kingdom of Lesotho has a high 

unemployment rate, HIV and AIDS problem, poverty, food insecurity, and other diseases, 

which increase the morbidity and mortality in the country (MOHSW and ICF, 2016). The 

country is also vulnerable to natural disasters and climate change such as droughts and heavy 

rain and flooding (Renzaho, 2015). 

2.2 Data source and sampling techniques 

The present study was a cross-sectional dataset and used secondary data from the Lesotho 

Demographic and Health Survey (LDHS), which was conducted in four months from 

September to December 2014. The ethical approval for the 2014 LDHS was assessed and 

confirmed by the Lesotho Ministry of Health Research and Ethics Committee together with 

support of the Institutional Review Board of ICF International. In addition, all children aged 

6-59 months who were presented on the day of survey were tested for anaemia, and stunting 

under the supervision of their parents or guardians. 

The 2014 survey followed a two-stage sampling design and was held at national level, in urban 

and rural areas, comprising four ecological zones and each district in Lesotho. The two-stage 

sampling design included the cluster sampling of enumeration areas and systematic sampling 

of households. The first stage included selecting clusters, consisting of enumeration areas, and 

a total number of 40 clusters were selected, where 118 and 282 were from urban and rural 

areas, respectively. The second stage involved systematic sampling of 9942 households, and 



households included in the survey were randomly selected in all enumeration areas (EAs). Out 

of the total number of 9942 households, 25 households were selected from each enumeration 

area (MOHSW and ICF, 2016). 

Only children aged 0-59 months from the mothers who stayed in or visited the household the 

night before the 2014 survey were included.  The present study used the children’s file record 

and a total weighted number of 3112 children were drawn as a sample size to demonstrate a 

national-level representation (MOHSW and ICF, 2016; Gaston and Ramroop, 2020). The 

weighted samples were used to achieve the standard that is descriptive of the nation and 

accounts for the complex sample design from the data. The population in each region did have 

not the same weight and the individuals surveyed in each region should contribute equivalently 

to the size of the total number in each region. To overcome this problem of unweighted, the 

present study used a weighted sample size (MOHSW and ICF, 2016; Gaston and Ramroop, 

2020). 

2.3 Blood collection for anaemia and nutrition assessment for the children  

Anaemia testing: All children aged 6-59 months who were presented on the day of survey 

were tested for anaemia under the supervision of their parents or guardians.  The professional 

nurses did the testing and the collection of blood samples was done by using a spring-loaded, 

sterile lancet to make a finger- or heel-prick. The lancet, microcuvette, gloves and alcohol 

swabs were used once for hygiene safety.  The drop of blood was gathered in a microcuvette, 

and the Haemoglobin level was examined using a convenient HemoCue analyser. 

The outcomes were accessible within 10 minutes and were given to the children’s parents or 

guardians verbally and recorded as a hard copy. All children with a haemoglobin level less than 

8g/dl were considered as anaemic and were given medicine on the spot as per the public health 

standards (MOHSW and ICF, 2016). In addition, the parents or guardians were advised to take 

their children to the nearest healthcare facility for follow-up, and were given a referral letter to 

show the staff at the health care facility. The anaemia test results were captured on the 

Biomarker Questionnaire and on the handout that contains data on the causes and counteraction 

of anaemia and were left in the family unit (MOHSW and ICF, 2016). 

Nutrition status assessment:  The anthropometric parameters included measurement of height 

with a tape board and weight with an electronic balance provided by UNICEF. The weight of 



the children was estimated utilizing a Seca gauging scale, which was aligned to zero. Parents 

or guardians were asked to take off the clothes of their children or dress them in light clothes, 

and stand them on the weighing scale till their weight was recorded. For children who were not 

able to stand, first the weight of their parents was taken and then the weight of parents holding 

their children.  In order to get the weight for the children, the weight of the parents was deducted 

from the combined weight of both parents and children. The height measurement was carried 

out using a short board which was lying down or standing on a level ground surface. The 

parents were asked to remove the children’s shoes and headgear; the children were helped to 

stand against the board against the wall.  However, the children who were less than two years 

or less than 87cm were measured lying down on the board. Thereafter, the nutrition status of 

the children was determined using weight, height and age of the children (Bechir et al., 2012; 

El Kishawi et al., 2015; MOHSW and ICF, 2016).  

3. Data Analysis 

3.1 Dependent variable 

The response variables from the present study were dichotomous, and the first dichotomous 

outcome variable was the child is either anaemic or not.  Based on the WHO guidelines the 

child was recorded as anaemic, when the haemoglobin concentration level adjusted for altitude 

was less than 11g/dl (WHO, 2015). The second response variable was stunting, which is an 

indicator of malnutrition in the long term, and was used to check whether a child was stunted 

or not stunted (Rahman et al., 2019). The WHO describes an individual as stunting when the 

z-score falls below minus two standard deviations (Kazembe et al., 2013; MOHSW and ICF, 

2016) 

3.2 Independent variables 

The independent variables viewed in this study included a number of socio-economic and 

demographic factors. These variables were also included in previous studies on childhood 

anaemia or malnutrition such as the study by Gaston et al. (2018). These variables comprised 

the age of the child in months; sex of the child; mother’s education level; type of place of 

residence; whether or not household had electricity; main material of the floor; main material 

of the wall; main material of the  roof; wealth index; child’s birth weight; had fever in last two 

weeks; had diarrhoea recently; had cough in last two weeks; received vitamin A in last 6 

months; birth order; mother’s BMI; mother’s education level; visited health facility; toilet 



facility; and type of drinking water (Gaston et al., 2018; Gaston and Ramroop, 2020; Letuka 

and Frade, 2020).  

4. Statistical Analysis 

The present study used univariate techniques to indicate the association between the 

independent and dependent (responses) variables. The multivariate technique was used to 

identify the correlation between two response variables (anaemia and malnutrition) and the 

associated factors. The cleaning and analysis of univariate data was done in Statistical Package 

for the Social Sciences (SPSS). The univariate analysis used cross tabulation techniques to 

summarise the data using frequencies and percentages, and investigate the relationship between 

the responses variables and independent variables using p-values. The independent variables 

with p-value less than 0.2 were included in the multivariate generalized linear mixed model 

(GLMM). The process of including all independent variables less than 0.2 was due to account 

for multicollinearity and confounding, which might be between the covariates (El Kishawi et 

al., 2015; Gari et al., 2017, Gaston et al., 2018).  The multivariate analysis reported only the 

independent variable found to be statistically significant with response variables at p-value less 

than five percent (0.05). SAS 9.4 was used in analysis of multivariate under GLMM using 

PROC GLIMMIX procedure. This procedure is good in joining models with two response 

variables, which have a similar distribution and link function. Based on the convergence criteria 

the unstructured (UN) convergence seemed to be the best for the analysis. The present study 

checked the interaction effect based on the lowest Akaike information criteria (AIC); however, 

none was found to be statistically significant (Molenberghs and Verbeke, 2005; Gaston et al., 

2020). 

 

4.1 Model formulation 

The present study examined the two responses variables, which were nutrition and the anaemia 

status of the children less than five years of age.  Let us assume the first response variable 𝑥𝑖1 

to be nutrition status, where number one is assigned to a positive and zero to a negative child. 

The second response variable as 𝑥𝑖2 to be anaemia status, where number one is allocated to an 

anaemic child and number zero to a non-anaemic child.  Assume that the outcome is from a 

bivariate Bernoulli distribution, with  𝑝𝑖1 as the likelihood of malnutrition occurring in a child 

i and 𝑝𝑖2 as the probability of anaemia occurring in a child i. Therefore, the binary generalized 

linear model can be expressed as follow: 



 𝑓1(𝜓𝑖1) = 𝑌𝑖1𝜃1 + 𝑍𝑖1𝑢1                                                                                                        (1) 𝑓2(𝜓𝑖1) = 𝑌𝑖2𝜃2 + 𝑍𝑖2 𝑢2.                                                                                        (2)                                                                                        

Where, 𝜃1 and 𝜃2 are assumed to be the vectors of fixed effects, 𝑢1 and 𝑢2 are the vectors of 

the random effects. In addition, 𝑌𝑖1, 𝑌𝑖2, 𝑍𝑖1 and 𝑍𝑖2 are the designed matrices for fixed effects 

and random effects respectively. Hence, the equation of the variance-covariance matrices 

model is shown as follows: 

𝑈 = (𝑢1𝑢2) ~𝑖. 𝑖. 𝑑. 𝑀𝑉𝑁 (0, 𝜎 ) = 𝑀𝑉𝑁 ([00] , [𝜎11 𝜎12𝜎21 𝜎22])                                  (3) 

Where the 𝜎11 and 𝜎22, are the variance components of stunting  of children under five years 

and anaemia respectively, while 𝜎12 and 𝜎21 are the correlation components between stunting 

and anaemia. When the correlation components from equation (3), 𝜎12= 𝜎21=0, the multivariate 

joint model under generalized linear mixed model becomes a separate model (Molenberghs 

and Verbeke, 2005; Habyarimana et al., 2016). 

4.2. Model testing and and goodness-of-fit  

Covariance structure of the random effects: The test of random effect is necessary to check 

whether the random effect for a specific covariate should be included in the model or not and 

compares to testing the hypothesis that the variance of population distribution is zero. Assume 

that we want to test a hypothesis about the variance parameter 𝜎2 for GLMM with a single 

random effect.  Since the variance cannot be negative, zero will be at the boundary of the 

parameter space, and one tests a one‐sided hypothesis (Verbeke and Molenberghs, 2003; 

Tuerlinckx et al., 2006). 

The null hypothesis to be tested is 𝐻0: 𝜎2 = 0, against  𝐻1: 𝜎2 ≠ 0. This hypothesis test can be 

tested using the likelihood ratio test, the Wald test or the score test. Such tests are 

asymptotically comparable under the null hypothesis and follow a distribution with a given 

degree of freedom. In addition, these tests can be used to test if the random effects in a GLMM 

is significant or not (Verbeke and Molenberghs, 2003; Tuerlinckx et al., 2006). 

Goodness‐of‐fit tests: The goodness-of-fit can be evaluated by a likelihood ratio test, and its 

alternative model is saturated, which is the most complex model explained by the data. The 

saturated model can be expressed as 𝑬(𝒀𝒏𝒊/𝜷, 𝜽𝒏) = 𝒀𝒏𝒊  for all n and i. When the dependent 

https://bpspsychub.onlinelibrary.wiley.com/doi/full/10.1348/000711005X79857#b93
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variables are categorical, the goodness-of-fit test for the data is Pearson chi-squared test 

(Tuerlinckx et al., 2006). The Pearson chi-squared test can be written as follows: 

             χ2 = ∑ 𝑛𝑖 ∑ (𝑦𝑖𝑗−�̂�𝑖𝑗)2�̂�𝑖𝑗 ,𝐽𝑗=0𝐼𝑖=1                                                                  (4) 

Where 𝑛𝑖 is the number of individuals who participated with the same values on the covariates, 𝑦𝑖𝑗 and �̂�𝑖𝑗 are respectively the observed and expected quantity of the participants in the group 

i responding in category j (Tuerlinckx et al., 2006). 

 

5. Results and Interpretation 

5.1 Univariate results 

The data analysis of this study comprised of a total weighted number of 3112 children aged 

between 0-59 months.  The prevalence of anaemia and stunting in children less than five years 

of age was 51% and 43% respectively. Table 1 and Table 2 indicate the frequency distribution 

and percentage of anaemia with corresponding independent variables. Table 1 indicated that 

the child’s age, children who had fever in last two weeks, had diarrhoea recently, and main 

roof material were statistically significant with childhood anaemia.  Table 2 showed that the 

child’s age, sex of a child, children who visited health care facilities, mother’s education level, 

and wealth index, household with electricity, toilet facility, and type of drinking water, main 

wall and main floor material were statistically significant with childhood stunting. 

Table 1 showed that the prevalence of anaemia was higher in the child age group 0-19 months 

(62.7%), and decreased as the age increased by the age group 20-39 months (55.0%), and age 

group 40-59 months (44.4%) respectively. The prevalence of anaemia in children who had 

fever in last two weeks was higher (62.8%) compared to children with no fever (37.2%). 

Table 2 indicated that the prevalence of stunted child was lower in age group 0-19 months, 

(17.8%), and increased as the child grew older 20-39 months (33.3%), and 40-59 months 

(31.2%) respectively.  

 



Table 2 also indicated that the prevalence of stunting was higher in children from mothers with 

no education (72.7%), and reduced as the level of mother’s education increased by primary 

(31.3%) and post-primary (21.7%) respectively.  

Table 1: Childhood anaemia by categorical variable 

Table 2: Childhood stunting by categorical variable 

 

5.2 Multivariate results 

The findings from Table 4 indicate the variance components and covariance components 

between anaemia and stunting. The coefficient estimate of 1.000 revealed that there is a 

significant positive association between anaemia and stunting. This means that any change to 

either nutrition or anaemia status of a child can have a significant effect on each of the two 

diseases. In addition, the socio-economic demographic from Table 3 indicated a significant 

effect on both stunting and anaemia. Table 3 revealed that the child’s age had a significant 

effect on both anaemia and stunting. Children aged less than 20 months were 0.436 times less 

likely to be stunted or malnourished compared to those in the reference group (40-59 months). 

However, children aged 20-39 months showed a significant effect on anaemia, and were 1.701 

times more likely to have anaemia compared to those from the reference category.  

 

The children with fever indicated a significant effect on anaemia, and the odds of having 

anaemia from children with no fever were 0.491 times less likely compared to children with 

fever. The same results show that children with no diarrhoea are 0.609 times less likely to have 

anaemia than those with diarrhoea. The childbirth weight has a significant effect on nutrition 

status of a child, and a child born with a higher weight (≥2500g) is 0.240 times less likely to 

be stunted or malnourished than a child born with a lower weight (<2500g). The same results 

also revealed that children living in rural areas were 0.520 times less likely to be stunted 

compared to those living in urban areas.  Table 3 shows that the odds of being stunted for 

children from poorer classes were 3.501 times more likely to be stunted than those from richer 

classes.  In addition, children from middle classes were 2.901 times more likely to be stunted 

compared to those from the reference category (Richer). Lastly, the same results indicated that 



children from mothers with post-primary education levels were 0.159 times less likely to be 

stunted compared to those from mothers with no education.  

 

Table 3. Parameter estimates for a joint marginal model for stunting and anaemia 

 

The findings from Table 4 indicate the variance components and covariance components 

between anaemia and stunting. The overall fitted model with the coefficient estimate of 1.000 

and p-value=0.000 confirmed a positive significant association between anaemia and stunting.  

Therefore, the significant association between the two diseases confirmed that the random 

effect was necessary in the model (Molenberghs and Verbeke, 2005). 

The test covariance parameters based on pseudo-likelihood rejected the null hypothesis of zero 

correlation with Pearson chi-squared test =2644.470 and p-value=0.000. This revealed that the 

correlation between anaemia and malnutrition was significant and not zero (Tuerlinckx et al., 

2006). 

Furthermore, the results from the fitted statistics for conditional distribution indicated the 

Pearson chi-squared =2123.070 with its degree of freedom =0.94. The degree of freedom closer 

to one means that there is a good variability in the dataset and there was no residual over 

dispersion (Molenberghs and Verbeke, 2005). 

Table 4. Variance Components 

 

6. Discussion 

The present study was cross-sectional and used secondary data from 2014 LDHS.  Based on 

the literature, this was the first study to model the association between anaemia and 

malnutrition simultaneously in children less than five years of age in Lesotho.  The study 

utilized a multivariate joint model under the scope of generalized linear mixed model (GLMM) 

to simultaneously model the association between the two diseases and explore other associated 

factors. The present study revealed that there is a significant positive association between 

anaemia and stunting, and confirmed that the two diseases are still a health problem in children. 



This positive association means that the two diseases move in the same direction, and 

controlling malnutrition by improving the nutrition status of children could result in reducing 

anaemia.  The same results were found in studies by Yang et al. (2012); Gari et al. (2017); 

Mohammed et al. (2019); Rahman et al. (2019) and Rivadeneira et al. (2020). The findings 

from this study indicate that the child’s age has a significant effect on both anaemia and 

malnutrition. The chance of having anaemia or stunting (malnutrition) reduced as the children 

grew older (Anticona and Sebastian, 2014; Gari et al., 2017; Gaston et al., 2018; Kejo et al., 

2018; Rahman et al., 2019). However, the studies by Anticona and Sebastian (2014) and 

Oliveira et al. (2015) confirmed that stunting increased as the children grew older. 

 

The findings from this study revealed that fever has a significant effect on childhood anaemia 

and the odds of having anaemia was lower in children with no fever. Other authors have 

reported a significant association between fever and anaemia (Habyarimana et al., 2016; Gaston 

et al., 2018). 

The same results showed that diarrhoea has a significant effect on anaemia, and the risk of 

having anaemia is high in children with diarrhoea. The findings from this study are in line with 

previous research (Gaston et al., 2018; Rivadeneira et al., 2020). 

 

The findings from this study revealed that the probability of being malnourished reduced as the 

education levels of the mothers increased. The findings from this study are in line with previous 

studies such as Kavosi et al. (2014); Aheto et al. (2015); Adebayo et al. (2016); and Aheto et 

al. (2017). 

The childbirth weight has a significant effect on nutrition status of children, and the risk of 

being malnourished is lower in children born with a higher weight (≥2500g). Similar findings 

were found in studies by Yang et al. (2012); Habyarimana et al. (2016); and Kejo et. (2018). 

The same results also revealed that children living in rural areas have a lower risk of having 

malnutrition. Similar results are shown in previous studies, such as the study by Kavosi et al. 

(2014).  However, the results from the present study are in contrast with the study by Yang et 

al. (2012) and El Kishawi et al. (2015). 

Lastly, the findings from this study indicated that children from middle and richer classes have 

a lower risk of having malnutrition (Gari et al., 2017; Rivadeneira et al., 2020).   



7. Conclusion 

The primary objective of the present study was to determine the association between anaemia 

and malnutrition in children less than five years of age in Lesotho using multivariate joint 

model under generalized linear mixed model (GLMM). 

The study also checked other factors which might be associated with anaemia and malnutrition. 

Lastly, we checked for any possible interaction effect between the independent variables and 

none was statistically significant, and therefore these were not included in the results. The study 

used stunting variable as an indicator of malnutrition in the long-term (Rahman et al., 2019). 

The findings revealed that there is a significant positive association between anaemia and 

malnutrition. This indicates that when malnutrition increases in children less than five years 

anaemia also increases and vice-versa. Thus, a change in nutrition status of a child can have a 

significant impact on anaemia status. In addition, the socio-economic and demographic 

indicated a significant impact on both malnutrition and anaemia. 

The findings show that there is a need to educate mothers, especially those with no education, 

from rural area and with poorer background, on how to prevent anaemia by improving nutrition 

of their children. In addition, children with fever, birthweight less than 2500g, and have 

diarrhoea should be prioritized by improving their nutrition status and taken to the nearest 

healthcare facility for a check-up.  

Strengths and Limitation of the Study 

The present study used joint model to assess the association between anaemia and nutrition 

status in children less than five years of age. Knowledge on the relationship between anaemia 

and malnutrition together with other factors associated with the two conditions can provide 

useful insights to policy makers, donors and government in planning and fighting against 

malnutrition and anaemia. Furthermore, the statistical model used in this study can be useful 

to other researchers in referencing. However, the present study has some limitation, as the data 

set was cross-sectional and could not check the change in factors and prevalence of anaemia 

and malnutrition over time. To overcome that, future research could make use of longitudinal 

data set, and also use spatial joint model to assess the association between malnutrition and 

anaemia by geographical location. 

 



 Recommendations 

In order to fight against anaemia and malnutrition in children less than five years of age in 

Lesotho, policy makers, donors and government should focus on improving nutrition status 

especially in children from rural area, with diarrhoea, fever, birthweight less than 2500g, 

from poorer quantile index household and uneducated mother.  
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