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A B S T R A C T

Background: The purpose of this article was to examine individual- and community-level factors
associated with childhood anemia, severe anemia, and hemoglobin (Hb) concentration in Malawi.
Methods: Using data from the 2010 Malawi demographic and health survey (MDHS), the multi-
level regression models were constructed to analyze 2597 children aged 6–59 months living in 849
communities.
Results: The results showed that both childhood anemia and severe anemia were negatively associ-
ated with child’s age, no fever in the previous 2 weeks and height-for-age, and positively associated
with residing in poor household. Childhood anemia was negatively associated with community fe-
male education. Child’s age, no fever in the previous 2 weeks and maternal Hb levels were positively
associated with child Hb concentration, while residing in poorest households was negatively associ-
ated with children’s Hb concentration.
Conclusion: Comprehensive public health strategies aimed at reducing childhood anemia need to
focus more on the significant characteristics addressed in this study.

K E Y W O R D S : childhood anemia, multilevel study, Malawi

B A C K G R O U N D
Anemia is defined as a condition in which the num-
ber of red blood cells, hemoglobin (Hb) concentra-
tion or packed-cell volume, is insufficient to meet
the body’s physiologic needs [1–4]. A global esti-
mate of childhood anemia indicated that 293.1 mil-
lion children under the age of 5 years are anemic,
and 28.5% of these children reside in sub-Saharan
Africa (SSA) [5, 6]. Malawi has one of the highest
prevalence rates of anemia across nations [7].

Studies have reported that 63% of children aged
6�59 months in Malawi are anemic and 3% are se-
vere anemic [8].

The World Health Organization (WHO) state-
ment on anemia underlines its multifactorial etiology
[9]. Approximately 50% cases of anemia are con-
sidered to be due to an iron deficiency [5, 6, 10], al-
though other factors such as nutritional deficiencies
[6, 11, 12], acute and chronic inflammation [12–14],
and inherited or acquired disorders that affect Hb
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synthesis [12, 15], can all be etiologies of anemia.
Previous studies also had demonstrated that factors
such as a child’s biological characteristics [5, 16–19],
maternal characteristics [16–19], household eco-
nomic status [17, 19], and community characteristics
[19] have impacts on childhood anemia.

Despite the individual risk factors of childhood
anemia have been well explored in prior studies
[3, 20–23], few studies have simultaneously con-
sidered the influence of contextual- and individual-
level factors on childhood anemia, particularly in
Malawi. Previously, it was reported that the commu-
nity constitutes a key component of socioeconomic
challenges to good health [24–27]. Therefore,
this study aimed to examine whether individual-
level and community-level factors both can influ-
ence childhood anemia, severe anemia, and Hb
concentration.

M A T E R I A L S A N D M E T H O D S

Study design
Data came from the 2010 Malawi Demographic and
Health Survey (MDHS). Methods used in this
study have been described in details elsewhere [8].
Using a stratified two-stage cluster design, the
2010 MDHS produced a nationally representative
sample. The first stage selected 849 communities
(clusters) and the second stage selected 27 345
households. Analyses were limited to the children
whose households were selected for hemoglobin
estimation. A random procedure was conducted to
select one child per household to avoid the clus-
tering effects, which generated a final sample size of
2597.

Data collection
Using face-to-face interviews, data were collected
from women aged 15–49 with children below the
age of 5 years prior to the survey. Anemia test from
children aged 6–59 months was done through finger
prick blood testing using the HemoCue blood hemo-
globin (Hb) system. The HemoCue system is based
on the conversion of Hb to cyanmethemoglobin and
its detection by measuring absorption in a spectro-
photometer [28].

Measures

Outcome variables
Childhood anemia, severe anemia, and hemoglobin
concentration were the outcomes. Using WHO rec-
ommendations, childhood anemia was defined as
children aged 6–59 months with an Hb level of
<11 g/dL, while severe anemia was defined as chil-
dren aged 6–59 months with an Hb level of <7.0 g/
dL [1]. Hb concentration was a continuous variable
measured in g/dL.

Independent variables
Individual/maternal/household-level factors. Child-specific
factors included child’s sex, child’s age (in months),
birth order, history of fever and diarrhea in the past
2 weeks, stunting, underweight, and vitamin A sup-
plements and deworming in the past 6 months.
Maternal and household characteristics include age
(in years), educational attainment, maternal anemic
status, and household wealth status (Table 1). We
defined stunting and underweight as children with
height-for-age and weight-for-age Z-score<�2 rela-
tive to WHO standards [29, 30]. Vitamin A
Supplement was defined as whether the child had
received a high dose of vitamin A supplement in the
past 6 months [31]. Fever diagnosis was based on
the self-reports by mothers about symptoms that had
occurred within 2 weeks prior to the survey date
[8, 32]. Diarrheal disease was defined as the passage
of three or more loose or liquid stools during a 24-h
period [33]. Mothers with hemoglobin level of
<12 g/dL were regarded to be anemic [1]. The
wealth index was constructed using data on a
household’s ownership of selected assets, such as
televisions, materials used for constructing the
house etc., through the principal component analysis
[34, 35].

Community-level factors. We included six variables. Two
variables indicate an area of residence, i.e., place of
residence and geographical region. Four continuous
variables assessed community wealth, community fe-
male education, community water supply and com-
munity sanitation services. We defined a community
based on the primary sample unit in the DHS
data. All continuous community-level factors were
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Table 1. Description of study variables

Characteristics Measure

Outcome variables
Childhood anemia 1 ¼ if the child has a hemoglobin level of< 11.0 g/dL, and 0 ¼ otherwise
Severe anemia 1 ¼ if the child has a hemoglobin level of< 7.0 g/dL, and 0 ¼ otherwise
Hemoglobin concentration Continuous variable measured in grams per deciliter (g/dL)

Individual-level variables
Sex of the child (Ref: female) 1 ¼ female, and 0 ¼ male
Age of the child Continuous variable measured in months
Birth order of child Continuous variable
Diarrhea in the past 2 weeks

(Ref: yes)
1 ¼ if the child had diarrhea, and 0 ¼ otherwise

Fever in the past 2 weeks (Ref:
yes)

1 ¼ if the child had a fever, and 0 ¼ otherwise

History of stunting (Ref:
stunted)a

1 ¼ if the child is stunted, and 0 ¼ otherwise

History of wasting (Ref:
wasted)b

1 ¼ if the child is wasted, and 0 ¼ otherwise

Vitamin A Supplements in pre-
vious 6 months (Ref: yes)

1 ¼ if the child received vitamin supplements A in the past 6 months, and
0 ¼ otherwise

Deworming in previous
6 months (Ref: yes)

1 ¼ if the child received deworming medicine in the past 6 months, and
0 ¼ otherwise

Mother’s age group (Ref:
35�49)

Continuous variable

Mother’s educational level
(Ref: Secondary and above)

0 ¼ none, 1 ¼ primary, 2 ¼ secondary and above

Maternal anemia status (Ref:
anemic)

Continuous variable

Household wealth index (Ref:
Richest)

0 ¼ poorest, 1 ¼ poor, 2 ¼ middle, 3 ¼ rich, 4 ¼ richest

Community-level variables
Place of residence (Ref: urban) 1 ¼ rural area; 0 ¼ urban
Geographical region (Ref:

southern)
0 ¼ northern, 1 ¼ central and 2 ¼ southern

Community wealth Mean percentage of richest (rich, richest) households in the community—
upper 40% of household wealth index

Community female education Mean percentage of women in the community with primary education and
above

Community water supplyc Mean percentage of households in the community with access to improved
drinking water sources

Community sanitation servicesd Mean percentage of households in the community with access to improved
sanitation

Note: g/dL¼ grams per deciliter; WHO¼World Health Organization.
aHeight-for-age<�2 standard deviation of the WHO reference group [29, 30].
bWeight-for-age<�2 standard deviation of the WHO reference group [29, 30].
cImproved drinking water (piped water into dwelling, piped water to yard/plot, public tap or standpipe, tubewell or borehole, protected dug well, pro-
tected spring and rainwater) [36].
dImproved sanitation (flush toilet, piped sewer system, septic tank, flush/pour flush to pit latrine, ventilated improved pit latrine, pit latrine with slab,
and composting toilet) [36].
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constructed by aggregating individual-level data to
the community level (Table 1). The WHO and
UNICEF Joint Monitoring Programme (JMP)
for water supply and sanitation guidelines were
used to define safe drinking water and improved
sanitation [36].

Statistical analyses
Two-level multilevel multivariate regression models
were constructed for the analyses. Generalized linear
mixed models were constructed for the anemia and the
severe anemia outcomes, while the linear mixed-effect
models were constructed for the Hb concentration out-
comes [37]. Because children living in the same com-
munity may be more similar to each other than
individuals from different communities, the multilevel
models were used to adjust the correlated individual re-
sponses nested under the same community. Intraclass
correlations (ICC) and percentage change in variation
(PCV) were reported to assess the extent of which
community variances were explained in each model.
Model fits were assessed using deviation information
criterion, while variance inflation factor was used to
examine for multicollinearity.

Ethics statement
The protocol for blood sample collection and the ques-
tionnaires was reviewed and approved by the Malawi
National Health Sciences Research Committee, the
Institutional Review Board of ICF Macro, and the
Centers for Disease Control in Atlanta. Informed con-
sent was obtained at the beginning of each interview,
and the authors sought permission from the DHS pro-
gram for the use of the data.

R E S U L T S

Sample characteristics
The mean Hb concentration was 10.47 g/dL. Figure
1 shows the distribution of children’s Hb level. The
prevalence of anemia and severe anemia were esti-
mated at 63% and 3%, respectively. Table 2 shows
the descriptive statistics. The prevalence of anemia
was observed to be highest among younger, chronic-
ally undernourished, lower socioeconomic children
and children with a history of diarrhea and fever and
without proper parental care practices.

Figure 2 shows the scatter plots of the relation-
ship between children’s Hb levels and a selected sub-
set of variables. Apart from the community safe

Fig. 1. Distribution of hemoglobin concentration in children (6–59 months; n¼ 2597).
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Table 2. Characteristics of children aged 6–59 months with anemia and severe anemia in Malawi,
n¼ 2597

Characteristics Total Anemiaa Severe anemiab

No Yes p-value No Yes p-value

Individual-level
factors

Child age, months,
Mean6SD*

31.51614.91 36.42613.69 28.62614.85 <.0001 31.77614.91 22.68612.09 <.0001

Sex of the child,
n (%)**

Male 1293 (49.79) 471 (36.43) 822 (63.57) 0.4668 1254 (96.98) 39 (3.02) 0.6109
Female 1304 (50.21) 493 (37.81) 811 (62.19) 1269 (97.32) 35 (2.68)

Birth order, Mean
6SD*

3.6762.32 3.6262.25 3.7062.35 0.7407 3.6762.31 3.7862.46 0.4648

Height-for-Age,
Mean 6 SD*

�1.8461.51 �1.7561.40 �1.8961.57 <.0001 �1.8361.50 �1.9961.07 0.8754

Weight-for-Age
Mean 6 SD*

�0.8461.08 �0.7661.04 �0.8861.10 0.0043 �0.8361.25 1.0561.20 0.4251

Vitamin A in the
past 6 months,
n (%)**

No 323 (12.44) 101 (31.27) 222 (68.73) 0.0200 315 (97.52) 8 (2.48) 0.6671
Yes 2274 (87.57) 863 (37.95) 1411 (62.05) 2208 (97.10) 66 (2.90)

Deworming in pre-
vious 6 months,
n (%)**

No 698 (26.88) 219 (31.38) 479 (68.62) 0.0002 671 (96.13) 27 (3.87) 0.0585
Yes 1899 (73.12) 745 (39.23) 1154 (60.77) 1852 (97.53) 47 (2.47)

Diarrhea, n (%)**
No 2166 (83.40) 852 (39.34) 1314 (60.66) <.0001 2110 (97.41) 56 (2.59) 0.0698
Yes 431 (16.60) 112 (25.99) 319 (74.01) 413 (95.82) 18 (4.18)

Fever, n (%)**
No 1662 (64.00) 709 (42.60) 954 (57.40) <.0001 1627 (97.89) 35 (2.11) 0.0024
Yes 935 (36.00) 256 (27.38) 679 (72.62) 896 (95.83) 39 (4.17)

Mother’s age,
(years) Mean
6 SD*

28.8566.92 29.2666.65 28.6167.07 0.0161 28.8466.87 29.1468.31 0.9135

Mother’s educa-
tion, n (%)**

No formal
education

422 (16.25) 129 (30.57) 293 (69.43) 0.0005 409 (96.92) 13 (3.08) 0.8923

Primary 1817 (69.97) 677 (37.26) 1140 (62.74) 1765 (97.14) 52 (2.86)
Secondary and

above
358 (13.79) 158 (44.13) 200 (55.87) 349 (97.49) 9 (2.51)

(Continued)
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Table 2. (Continued)

Characteristics Total Anemiaa Severe anemiab

No Yes p-value No Yes p-value

Maternal hemoglo-
bin level,
Mean 6 SD*

12.7861.75 13.1061.75 12.5961.72 <.0001 12.7861.75 12.6561.54 0.0200

Household wealth,
n (%)**

Poorest 482 (18.56) 141 (29.25) 341 (70.75) <.0001 462 (95.85) 20 (4.15) 0.0581
Poor 603 (23.22) 205 (34.00) 398 (66.00) 583 (96.68) 20 (3.32)
Middle 590 (22.72) 209 (35.42) 381 (64.58) 571 (96.78) 19 (3.32)
Rich 513 (19.75) 211 (41.13) 302 (58.87) 503 (98.05) 10 (1.95)
Richest 409 (15.75) 198 (48.41) 211 (51.59) 404 (98.78) 5 (1.22)

Community-level
factors
Place of residence

n (%)**
Urban 285 (10.97) 136 (47.72) 149 (52.28) <.0001 280 (98.25) 5 (1.75) 0.2390
Rural 2312 (89.03) 828 (35.81) 1484 (64.19) 2243 (97.02) 69 (2.98)

Geographical
region n (%)**

Northern 427 (16.44) 186 (43.56) 241 (56.44) 0.0082 418 (97.89) 9 (2.11) 0.1440
Central 984 (37.89) 361 (36.69) 623 (63.31) 948 (96.34) 36 (3.66)
Southern 1186 (45.67) 417 (35.16) 769 (64.84) 1157 (97.55) 29 (2.45)

Community wealthc

Mean 6 SD*
37.85629.32 37.83628.32 30.35629.16 <.0001 33.25626.38 28.87622.65 0.2174

Community female
educationd

Mean 6 SD*

84.48614.77 85.89613.46 82.11615.15 <.0001 83.60614.64 80.75615.21 0.1382

Community water
supplye

Mean 6 SD*

79.11625.22 80.48625.09 78.30625.27 0.0347 79.04625.35 81.60620.49 0.4992

Community sanita-
tion servicesf

Mean 6 SD*

10.01616.03 11.06617.11 9.40615.33 0.0040 9.96616.03 11.85616.31 0.1929

aHb< 11g/dL.
bHb< 7 g/dL; Hb¼ hemoglobin; SD¼ standard deviation.
cPercentage of households in the community categorized as rich (upper 40% of quintiles).
dPercentage of female in the community with primary and above education.
ePercentage of household in the community with access to improved water sources.
fPercentage of household in the community with access to improved sanitation facilities.
*Groups were significantly different by univariate logistic regression, p< 0.05.
**Groups were significantly different by chi-square test, p< 0.05.
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drinking water, child’s age, height-for-age, and com-
munity female education were positively associated
with increased children’s Hb levels.

Effects of individual-level and community-level
factors on childhood anemia

Table 3 showed the results of the multilevel analyses
(Model 4). For Hb concentration, the results
showed that age of the child (b¼ 0.2680), having no
history of fever (b¼ 3.2172) and mothers’ Hb level
(b¼ 0.0118) were positively associated with child
Hb concentration, while residing in the poor house-
holds (b¼�4.8415) and residing in communities
with lower percentage of household with access to
safe drinking water (b¼�0.05863) were negatively
associated with child Hb concentration.

For childhood anemia, the results showed that
child’s age (b¼�0.03816), having no history of fever
(b¼�0.4892), height-for-age (b¼�0.00090), ma-
ternal Hb level (b¼�0.4397) and residing in com-
munities with higher percentage of women with
primary and above education (b¼�0.0099) were
negatively associated with childhood anemia, whereas
residing in the poorest households (b¼ 0.3813) and
having no vitamin A supplements (b¼ 0.3062) were
positively associated with childhood anemia.

For severe anemia, the results showed that child’s
age (b¼�0.07556), having no history of fever
(b¼�0.7595) and height-for-age (b¼�0.00357)
were negatively associated with childhood anemia,
while maternal age (b¼ 0.09761) and residing in
poor households were positively associated with se-
vere anemia.

Fig. 2. Scatter plots of children’s hemoglobin concentration against (A) age of child, (B) child’s height-for-age z-score,
(C) mean percentage of community female education, and (D) mean percentage of community safe drinking water
(n¼ 2597).
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Table 3. Multilevel analysis of determinants of Hb concentration, anemia, and severe anemia in
children aged 6–59 months in Malawi, n¼ 2597

Characteristics Hb concentration (g/dL) Anemia <11.0 g/dL Severe anemia <7.0 g/dL

Coeff (SE) Coeff (SE) Coeff (SE)

Individual-level
factors
Sex of the child

Male/female 0.4025 (1.1756) 0.7321 0.03709 (0.09055 0.6822 0.2284 (0.3338) 0.4940
Child’s age

(months)
0.2680 (0.04411) <.0001 �0.03816 (0.00352) <.0001�0.07556 (0.01482) <.0001

Birth order �0.3100 (0.4937) 0.5302 0.03827 (0.03800) 0.3141 �0.2121 (0.1359) 0.1186
Diarrhea

No/yes 2.2290 (1.6806) 0.1849 �0.09258 (0.1356) 0.4950 0.3975 (0.4353) 0.3613
Fever

No/yes 3.2172 (1.2764) 0.0118 �0.5333 (0.1004) <.0001 �0.7595 (0.3525) 0.0313
Height-for-Age 0.003629 (0.00406) 0.3713 �0.00090 (0.00034) 0.0045 �0.00357 (0.00120) 0.0028
Weight-for-Age 0.002160 (0.00485) 0.6561 �0.00028 (0.00038) 0.4608 �0.00040 (0.00132) 0.7611
Vitamin A

supplements
No/yes �2.3325 (1.8849) 0.2161 0.3062 (0.1520) 0.0442 �0.8281 (0.5742) 0.1494

Deworming past
6 months

No/yes 0.2403 (1.4736) 0.8705 �0.1470 (0.1156) 0.2037 0.05171 (0.3981) 0.8967
Mother’s age

(years)
0.06043 (0.1654) 0.7149 �0.01366 (0.01275) 0.2841 0.09761 (0.0437) 0.0256

Mother’s education
No formal

education
�0.3020 (2.5229) 0.9047 0.2593 (0.1945) 0.1826 �0.04845 (0.7058) 0.9453

Primary 1.7588 (1.9060) 0.3562 0.07648 (0.1431) 0.5932 �0.01523 (0.5739) 0.9788
Maternal Hb level

g/dL
0.0118 (0.9988) <.0001 �0.4397 (0.08304) <.0001 0.03039 (0.2682) 0.9098

Household wealth
Poorest �4.8415 (2.4753) 0.0497 0.3813 (0.1888) 0.0436 2.2544 (0.8753) 0.0101
Poor �2.8902 (2.3313) 0.2152 0.2362 (0.1756) 0.1787 1.7866 (0.8496) 0.0356
Middle �2.8914 (2.2707) 0.2031 0.2465 (0.1706) 0.1487 1.9761 (0.8362) 0.0182
Rich �1.5191 (2.1490) 0.4797 0.1595 (0.1603) 0.3201 1.3131 (0.8526) 0.1237

Community-level
factors
Place of residence

Urban/Rural �0.3966 (2.7322) 0.8846 0.04310 (0.2026) 0.8316 �0.1990 (1.0815) 0.8540
Geographical

region
Northern �1.2210 (1.9894) 0.5394 �0.05089 (0.1481) 0.7312 0.09739 (0.8002) 0.9031
Central 0.2794 (1.4080) 0.8427 �0.08515 (0.1070) 0.4263 0.5541 (0.5236) 0.2901

(Continued)
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The ICCs show that about 2%, 5% and 83% of
community-level variance were unexplained for Hb
concentration, childhood anemia and severe anemia,
respectively, which shows the community-level char-
acteristics included in this study cannot explain most
of the community-level variance especially in severe
anemia. The PCVs show that 36%, 33% and 40% of
the variance in Hb concentration, anemia and severe
anemia across communities were respectively ex-
plained by individual-level and community-level
factors.

D I S C U S S I O N
This is the first national and multilevel study that has
ever been conducted to assess risk factors for child-
hood anemia in Malawi. We have found out that the
likelihood of anemia increased in younger children.

This result is consistent with previous findings [3, 4,
38–40]. Anemia is common among children around
the time of the growth spurt, particularly between
6 and 23 months. If exogenous iron supplement is in-
adequate during this time, infant anemia occurs eas-
ily [38, 41–43]. Infants are known to be susceptible
to infections via contaminated water and food, which
can also affect their ability to absorb iron.

We also found that fever and stunting were posi-
tively associated with our outcomes. Similar findings
were reported in previous studies [3, 18, 19, 38, 44].
Fever in under 5 children in Malawi is a common
symptom of acute and chronical inflammatory dis-
eases especially malaria [12, 18]. Previous studies
have reported that malaria increases extravascular
hemolysis of red blood cells with a concomitant fail-
ure of the bone marrow to increase red cell produc-
tion to compensate for these losses [45, 46, 47]. On

Table 3. (Continued)

Characteristics Hb concentration (g/dL) Anemia <11.0 g/dL Severe anemia <7.0 g/dL

Coeff (SE) Coeff (SE) Coeff (SE)

Community
wealtha

0.07503 (0.04151) 0.0709 �0.0058 (0.00312) 0.0614 �0.00294 (0.01561) 0.8507

Community
educationb

0.07394 (0.05281) 0.1617 �0.0099 (0.00411) 0.0159 0.004458 (0.01973) 0.8213

Community water
supplyc

�0.05863 (0.02680) 0.0288 �0.0003 (0.00205) 0.8813 0.01865 (0.01184) 0.1155

Community sanita-
tion servicesd

�0.08770 (0.04745) 0.0647 0.0033 (0.00353) 0.3517 0.02176 (0.01720) 0.2061

Measures of variation
Community-level

variance
Area variance

[s(SE)]
38.5825 (17.6723) 0.0080 0.1696 (0.08952) 0.0113 16.3708 (5.2432) 0.0009

ICC (%) 2.28 4.90 83.2
PCV (%) 36.38 33.23 39.58

Model fit statistics
DIC (-2log

likelihood)
24986.4 3096.15 570.10

Note: Hb, hemoglobin; Coeff, beta coefficient; [s (SE)], community-level variance; SE, standard error; ICC, intraclass correlations; PCV, proportional
change in variance; DIC, deviation information criterion. The Bold texts indicate a statistically significant association at a p-value less than 0.05.
aPercentage of households in the community categorized as rich (upper 40% of quintiles).
bPercentage of female in the community with primary and above education.
cPercentage of household in the community with access to safe water supply.
d Percentage of household in the community with access to improved sanitation facilities.
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the other hand, stunting indicates chronic food
shortage and long-term effects of micronutrient defi-
ciencies, which are associated with low concentra-
tions of Hb [48]. In our study, we have shown that
supplement of the high dose of vitamin A can be a
solution to childhood anemia [49–52].

Our findings suggested that infants born to an-
emic mothers from economically poor households
are more likely to develop anemia, which is in line
with previous studies [18, 19, 38, 42]. Poor family
wealth is an indicator of conditions of extreme social
deprivation; hence, caregivers might face difficulties
in providing nutritious food to their children [4, 18,
42]. Additionally, maternal anemia status may lead
to poor stores of iron, zinc, vitamin A and B12 and
folate in breast milk, which further impact child an-
emia status [53].

Our study showed an important result that
community-level woman’s education was significantly
associated with childhood anemia. Possible explan-
ations may be that higher community education pro-
vides a context where women are more likely to obtain
knowledge and material resources that can benefit a
child’s health [54]. Thus, our findings provide import-
ant evidence that contextual factors sometimes can
have significant impacts on a child’s health above and
beyond individual-level factors. Surprisingly commun-
ities with safe drinking water were negatively associated
with Hb concentration. Future studies need to explore
more about the relationship between water sources
and Hb concentration.

Regarding the ICCs in our study, 7%, 89% and
5% of the total variance of childhood anemia, se-
vere anemia and children’s hemoglobin could be
attributed to community-level factors, respectively.
Previous research on multilevel analyses have re-
ported similar small ICCs; however, researchers also
indicated that an ICC at or above 2% is suggestive of
significant group-level variance that required a multi-
level study design [55, 56].

The use of a national representative sample is a
main strength of this study. However, our study has
some limitations. First, the use of a cross-sectional
study design did not allow us to establish cause-and-
effect relationships. Second, our study relied on Hb
as the measure of anemia; further studies should
consider other red blood cell indices [57]. Third,

there might be recall bias, as the occurrences of diar-
rhea and fever were obtained by self-reports. Our re-
sults, like other survey studies, are prone to the
interviewer bias (i.e., social desirability effect). Last,
we are unable to adjust all confounding factors be-
cause this study is based on a secondary data
analysis.

C O N C L U S I O N S
Our study results indicated that individual-level fac-
tors have stronger effects than community-level fac-
tors on childhood anemia, severe anemia and Hb
concentration in Malawi. However, community-level
female education still plays an important role in
childhood anemia. Public health interventions target-
ing childhood anemia should focus on food insecur-
ity, malaria infection, iron and other micronutrient
deficiencies, household living standards, as well as
community female education.
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