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ABSTRACT
Background  Active screening of only pregnant and 
lactating mothers (PLMs) excludes other mothers of 
reproductive age susceptible to undernutrition. Our 
analysis evaluated if mothers presenting with wasted 
children were more likely to be undernourished 
themselves.
Methods  The observational study enrolled mother 
and child dyads presenting to an outpatient facility in 
Mogadishu, Somalia, between November 2019 and March 
2020. Trained nurses recorded lower extremity oedema 
for children aged 6–59 months, parity and gestational 
status for women aged 19–50 years and age, access 
to care, height/length, mid-upper arm circumference 
(MUAC) and weight for both. Weight-for-height z-score 
(WHZ) for children and body mass index (BMI) for mothers 
were calculated using standard procedures. Wasting was 
defined as WHZ <−2, MUAC <12.5 cm and/or presence 
of oedema for children. Undernutrition was defined 
as MUAC <23 cm for PLMs and BMI <18.5 kg/m2 for 
neither pregnant nor lactating mothers (non-PLMs). Four 
multivariable linear regression models were fit to evaluate 
maternal anthropometric indicators (BMI or MUAC) given 
child anthropometric indicators (MUAC or WHZ), adjusting 
for maternal age, parity and gestational status.
Results  A total of 93.6% (2142/2288) of enrolled dyads 
met inclusion criteria. Wasting was observed among 
57.5% of children; 20.2% of pregnant mothers, 20.0% 
of lactating mothers and 7.95% of non-PLMs were 
undernourished. Models suggest significant, positive 
associations between child and maternal anthropometrics; 
a one-unit increase in WHZ and a 1 cm increase in child 
MUAC were associated with 0.22 kg/m2 (95% CI 0.22 to 
0.24) and 0.19 kg/m2 (95% CI 0.16 to 0.21) increases in 
maternal BMI, respectively, and 0.20 cm (95% CI 0.18 
to 0.22) and 0.24 cm (95% CI 0.23 to 0.25) increases in 
maternal MUAC, respectively. Adjusted R2 values were low 
(range 0.06–0.10).
Conclusions  Undernutrition among non-PLMs illustrates 
the importance of expanding screening. However, while 
significant, the strength of association between mother 

and child anthropometrics does not support child 
nutritional status as a screening tool for identifying at-risk 
mothers.

INTRODUCTION
Public health programmes in humanitarian 
settings aimed at identifying at-risk individ-
uals before they develop severe undernutri-
tion have traditionally focused on screening 
children less than 5 years old and pregnant 
and lactating mothers (PLMs) given the 
higher prevalence of undernutrition and risk 
of mortality in these groups.1–3 Screening of 
other demographic groups, such as neither 
pregnant nor lactating mothers (non-
PLMs), is not common, despite a risk of 
developing undernutrition, particularly in 
settings of famine, food insecurity or disease 
outbreaks. This is due, at least in part, to the 

WHAT THIS PAPER ADDS
	⇒ The presented study evaluated nutritional status of 
mothers-child pairs presenting to health facilities in 
Somalia to identify factors associated with maternal 
malnutrition that could be used to prioritise triage 
and screening activities.

	⇒ We found a significant, but weak correlation be-
tween child and mother nutritional status, adjust-
ing for maternal age, parity and gestational status. 
These data suggest that child nutritional status is 
not an ideal screening tool to identify mothers at risk 
for malnutrition.

	⇒ Given the large number of identified malnourished 
women who were neither pregnant nor breastfeed-
ing, there remains a need for expanded nutritional 
screening programs beyond pregnant and lactating 
women, the current focus in humanitarian contexts.
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fact that undernutrition is less prevalent in other groups 
compared with children less than 5 years old and PLMs, 
shifting the cost-benefit analysis away from universal 
screening.4 Targeted screening in which mothers with 
wasted children, a subset of all women of reproductive 
age, are evaluated has been proposed as an alternative 
where universal screening is not feasible. The associ-
ation between a woman’s nutritional status and that of 
her child has been documented in early childhood devel-
opment and in utero. Pooled data from cross-sectional 
studies of 35 low and middle-income countries as well as a 
study of several thousand children–mother pairs in India 
have shown undernourished mothers (as measured by 
maternal height or body mass index (BMI)) to be asso-
ciated with the presence of wasting, undernutrition and 
stunting for her child.5 6 Undernutrition among pregnant 
women has been shown to increase the rate of adverse 
birth outcomes including intrauterine growth restriction 
and low birth weight.7

We leveraged the known association of maternal nutri-
tion on child nutrition to investigate whether mothers 
presenting to health facilities with wasted children were 
more likely to be undernourished, and whether the 
strength of that association would be strong enough to 
justify a targeted screening of mothers with wasted chil-
dren. We proposed an observational assessment of the 
association between child and maternal nutritional status 
among a facility-based sample in Somalia. Somalia was 
selected because undernutrition among adult women is a 
public health concern; and the country has experienced 
prolonged humanitarian emergencies resulting in critical 
levels of wasting.8

METHODS
Data collection
The study was conducted at an outpatient health and 
nutrition facility operated by the international charity 
Save the Children that serves internally displaced persons 
(IDPs) and host communities in Mogadishu, Somalia.

Patients were screened for eligibility by facility triage 
nurses between 1 November 2019 and 31 March 2020. A 
woman and the child she brought to the facility (‘dyads’) 
were eligible for enrolment if the child was 6–59 months 
old, the child had not previously presented for the same 
condition within the study period, the child presented to 
the facility with their biological mother (self-reported) 
and neither the child nor the mother had previously been 
enrolled in the study. If a mother presented with multiple 
children, the child with a lower weight-for-height z-score 
(WHZ) was selected.

Triage nurses obtained oral informed consent from 
eligible mothers. For enrolled dyads, height, weight and 
mid-upper arm circumference (MUAC) were collected for 
mothers and children by trained facility nurses following 
standard anthropometric procedures.9 Mothers were 
weighed fully clothed. In addition, demographic indica-
tors and access to care were recorded, including: age (in 

months for children and years for mothers), child sex, 
whether the child received therapeutic foods or supple-
mentary feeding, pregnancy and lactation status, parity 
and mother attendance to at least one antenatal care visit 
if she was pregnant or lactating. Data were collected on 
paper clinic register books, entered into an Excel spread-
sheet and deidentified prior to data analysis.

Data analysis
Among dyads presenting to the facility during the enrol-
ment period, dyads were excluded if the mother or child 
fell outside the age range (19–50 years old for mothers, 
6–59 months for children), age or mother gestational 
status was missing and if parity was implausible (greater 
than 9 for mothers aged 19–24.9 years and greater than 
15 for mothers aged 25 years or older). WHZ was calcu-
lated using ENA for SMART software, and BMI was calcu-
lated in Excel by dividing the weight in kilograms (kg) 
by the height of the woman in metres squared (m2).10 
Among dyads retained for analysis, mothers and children 
missing anthropometric measurements were excluded by 
indicator if missing or outside of accepted ranges. Child 
MUAC and WHZ were excluded if outside WHO recom-
mendations and mother MUAC and BMI were excluded 
based on the observed data distributions to exclude vari-
ables in the 1st or 99th percentile (WHZ: −5 to 5; BMI: 
9–50 kg/m2; mother MUAC: 12–36 cm).11

Mothers were categorised into one of three mutually 
exclusive gestational statuses (pregnant, lactating or 
non-PLM). Pregnant women self-reported as pregnant. 
Lactating women self-reported as non-pregnant and 
breast feeding an infant <6 months old. Non-PLMs self-
reported as not pregnant and not breast feeding or breast 
feeding a child  ≥6 months old.12

Nutritional cut-offs for mothers were defined for each 
gestational status. Among non-PLMs, nutritional status 
was classified by BMI into four categories: severe thin-
ness (BMI <16 kg/m2), mild or moderate thinness (BMI 
16–18.4 kg/m2), normal weight (BMI 18.5–24.9 kg/m2) 
and overweight/obese (BMI ≥25 kg/m2).13 14 Based on 
research which investigated MUAC cut-offs between 
23.5–25 cm as a nutritional surrogate for BMI  <18.5 
kg/m2 in non-PLMs, we defined undernutrition for 
non-PLMs as MUAC ≤24 cm.15 For PLMs, mothers with 
MUAC  <23 cm were defined as undernourished; this 
cut-off is recommended by WHO due to the association 
of pregnant mothers with MUAC <23 cm and fetal and 
birth complications.7 12 16 17 We adopted a current prac-
tice in humanitarian settings of using the same cut-off for 
lactating mothers as pregnant mothers as no global cut-
offs for lactating mothers exist. Lastly, we reported the 
percentage of pregnant mothers with BMI <18.5 kg/m2 
due to the association of undernourished mothers and 
fetal complications at birth.18

Children were defined as wasted if they presented 
with a WHZ <−2, MUAC  <12.5 cm and/or bilateral 
pitting oedema.19 All other children were classified as 
‘non-wasted’.
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Table 1  Demographic characteristics and nutritional status of children aged 6–59 months and mothers aged 19–50 years 
presenting to Shabelle Health and Nutrition Center, Somalia—November 2019 to March 2020 (n=2142)

Children
Pregnant 
mothers*

Lactating 
mothers†

Neither pregnant 
nor lactating 
mothers‡ All mothers

n 2142 613 146 1383 2142

Sex

 � Female, n (%) 1110 (51.8) – – – –

Age

 � Median§ (IQR) 14 (10–21) 27 (22–30) 27 (24–30) 27 (23–30) 27 (23–30)

 � Younger¶, n (%) 1637 (76.4) 437 (71.3) 97 (66.4) 903 (65.3) 1437 (67.1)

 � Range§ 6–52 19–45 19–38 19–50 19–50

Access to care

 � Enrolled in supplementary and/or 
therapeutic feeding**, n (%)

784 (36.6) – – – –

 � Enrolled in antenatal care††, n (%) – 586 (95.6) 120 (82.2) – 706 (93.0)

Nutritional status

 � Wasting‡‡, n (%) 1231 (57.5) – – – –

 � Bilateral oedema, n (%) 15 (0.70) – – – –

 � WHZ, mean (SD)§§ −0.94 (1.43) – – – –

 � MUAC (cm), mean (SD)¶¶ 12.49 (1.28) 25.9 (3.59) 26.4 (3.81) 26.4 (3.76) 26.27 (3.72)

 � Low mother MUAC¶¶***, n (%) – 121 (20.2) 27 (20.0) 429 (32.2) –

 � Body mass index (kg/m2), mean 
(SD)†††

– 25.11 (5.11) 24.82 (5.99) 24.68 (5.35) 24.82 (5.33)

 � Body mass index <18.5 kg/m2, n 
(%)†††

– 37 (6.07) 9 (6.16) 110 (7.95) 156 (7.36)

 � Body mass index <16 kg/m2, n 
(%)†††

– 4 (0.66) 4 (2.84) 14 (1.02) 22 (1.04)

 � Body mass index ≥25 kg/m2, n 
(%)‡‡‡

– – – 564 (41.2) –

Parity, n (%)

 � 1–2 child(ren) – 119 (19.4) 17 (11.6) 284 (20.5) 420 (19.6)

 � 3–5 children – 285 (46.5) 61 (41.8) 563 (40.7) 909 (42.4)

 � >5 children – 209 (34.1) 68 (46.6) 536 (38.8) 813 (38.0)

*Pregnant mothers defined as mothers who self-identified as pregnant. Pregnant mothers may have also been breast feeding a child.
†Lactating mothers defined as non-pregnant mothers breast feeding a child between the ages of 0 and 5 months. The child enrolled in the 
study was not necessarily the child who was breast feeding.
‡Neither pregnant nor lactating mothers defined as mothers who were neither pregnant nor lactating a child aged 0 and 5 months.
§Age is in months for children and in years for mothers.
¶Younger is defined for children as 6–23.9 months and 19–29.9 years for mothers.
**One child had missing data for supplementary and therapeutic feeding. Total dyads: n=2141.
††Denominator of women in all mothers column only includes pregnant and lactating mothers (n=759).
‡‡Wasting is defined as children aged 6–59 months with WHZ <−2 and/or MUAC  <12.5 cm and/or presence of bilateral oedema.
§§Due to WHZ out of range, 36 children were excluded from this calculation resulting in a sample of n=2106 children.
¶¶Due to missing MUAC data or MUAC out of range, 78 mothers and 2 children were excluded from calculations resulting in a sample of 
n=2140 children, n=598 pregnant mothers, n=135 lactating mothers and n=1331 for neither pregnant nor lactating mothers.
***Low mother MUAC defined as <23 cm for pregnant and lactating mothers and ≤24 cm for neither pregnant nor lactating mothers.
†††Due to missing weight or height information or body mass index values out of range, 23 mothers were excluded from this calculation 
resulting in a sample of n=610 for pregnant mothers, n=141 for lactating mothers and n=1368 for neither pregnant nor lactating mothers.
‡‡‡Due to missing weight or height information or body mass index values out of range, 15 mothers were excluded from this calculation 
resulting in a sample of n=1368 for neither pregnant nor lactating mothers.  
MUAC, mid-upper arm circumference; WHZ, weight-for-height z-score.
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The primary analyses included descriptive statistics 
and modelling to explore the association between child 
and mother anthropometric values. Differences in the 
proportions of wasted children, comparing mothers with 
and without wasted children, were evaluated using Fish-
er’s exact tests. Differences in means for anthropometric 
indices were evaluated via t-tests. Unadjusted Pearson’s 
correlations were calculated for all paired combinations 
of mother and child anthropometric values (WHZ and 
maternal MUAC, child MUAC and maternal MUAC, WHZ 
and BMI, and child MUAC and BMI). For the correla-
tions evaluating the relationship between child anthropo-
metric indicators and maternal BMI, only non-PLMs were 
included. Correlations evaluating child anthropometric 
indicators and maternal MUAC included all mothers.

Four models were fit—two in which maternal MUAC 
was the primary outcome and two in which maternal BMI 
was the primary outcome. For each of the four models, 
multivariable linear regressions were fit, informed by 
the descriptive analysis and visual exploration of the 
data. Final models included as predictors a continuous 
measure of child nutritional status (either WHZ or 
MUAC) as well as age, parity and gestational status, which 
have been shown in prior research to impact maternal 
nutritional status.20 21 Parity was categorised based on 
the observed distribution in the sample (1–2 children, 
3–5 children and  >5 children). Models included terms 

allowing for interactions of maternal age, parity and 
gestational status. We compared a model allowing for 
interactions of these terms with child anthropometric 
measurement (WHZ or MUAC) to a model that kept the 
relationship between the child and maternal anthropo-
metric indicators constant and did not find meaningful 
differences in model fit or clinical interpretation. Final 
models assume a constant relationship between child 
and maternal anthropometric indicators for all dyads. 
Inclusion of additional parameters related to child nutri-
tional status (age and sex) was explored given biological 
plausibility but did not improve model fit, as assessed 
using analysis of variance (ANOVA) tests and backward 
stepwise selection. All predictor variables were retained 
in the multivariable model regardless of significance in 
univariate models. Model diagnostics including checking 
for points with high leverage and outliers, and assessing 
Cook’s distance for each point, were run in R for each 
of the four models.22 Observations with significantly 
high leverage or Cook’s distance were removed from the 
multivariable analyses.23 24

Analysis was conducted using RStudio V.3.6.1.22 Prior 
to initiation, and continuously during the study, women 
from the target population presenting to the partici-
pating study sites were educated about the study objec-
tives. Feedback from these sessions informed study design 
and implementation.

Table 2  Body mass index of mothers presenting to Shabelle Health and Nutrition Center by child nutrition and maternal 
gestational status—November 2019 to March 2020 (n=2119)†

Nutritional status of the child aged 6–59 months

Wasted‡ Non-wasted‡ All children

n 1225 894 2119

Mother status§¶

Pregnant, n 337 273 610

 � Mean BMI (SD) 24.84 (5.2) 25.45 (4.98) 25.11 (5.11)

Lactating, n 65 76 141

 � Mean BMI (SD) 24.51 (5.85) 25.07 (6.13) 24.82 (5.99)

Neither pregnant nor lactating, n 823 545 1368

 � BMI <16 kg/m2, n (%) 9 (1.1) 5 (0.9) 14 (1.0)

 � 16≥BMI≤18.4 kg/m2, n (%) 65 (7.9) 31 (5.7) 96 (7.0)

 � 18.5≥BMI<25 kg/m2, n (%) 418 (50.8) 276 (50.6) 694 (50.7)

 � BMI ≥25 kg/m2, n (%) 331 (40.2) 233 (42.8) 564 (41.2)

 � Mean BMI (SD) 24.43 (5.26)* 25.06 (5.47)* 24.68 (5.35)

*p<0.05; indicated as significant.
†Significant p values were calculated comparing mothers with wasted children to mothers with non-wasted children.
‡Wasted is defined as children aged 6–59 months with WHZ <−2 and/or MUAC <12.5 cm and/or bilateral oedema. All other children were 
defined as non-wasted.
§Mother status was defined to be mutually exclusive. Pregnant mothers included women who self-identified as pregnant. Lactating mothers 
included non-pregnant mothers breast feeding a child between the ages of 0 and 5 months; the breastfed child was not necessarily the child 
enrolled in the study. Neither pregnant nor lactating mothers were defined as women who were neither pregnant nor lactating a child under 6 
months of age.
¶Mothers missing information on weight and height (n=18) or BMI values out of range (n=5) were excluded from this analysis (total excluded, 
n=23).
BMI, body mass index; MUAC, mid-upper arm circumference; WHZ, weight-for-height z-score.
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RESULTS
Descriptive results
Of the 2288 dyads enrolled, 140 were excluded due to 
missing age data (n=1) or for age out of range for the 
mother (n=138) or the child (n=1). An additional six 
dyads were excluded for implausible or missing gestational 
or parity data. The final sample for analysis consisted of 
2142 dyads (online supplemental figure 1). Of the 2142 
dyads in the final sample, dyads with complete anthro-
pometric data for parameters evaluated in each model 
were as follows: 2082 in the model of maternal BMI and 
child WHZ (model 1); 2115 in the model of maternal 
BMI and child MUAC (model 2); 2060 in the model of 
maternal MUAC and child MUAC (model 3); and 2027 
in the model of maternal MUAC and child WHZ (model 
4). After excluding values with high leverage and Cook’s 
distance, final models included 1969 dyads for model 1; 
2002 dyads for model 2; 2060 dyads for model 3; and 1904 
dyads for model 4.

Sample demographics for mothers and children are 
shown in table 1. Children in the sample were predom-
inantly between ages 6 and 23.9 months (76.4%); 
with a range of 6–52 months and a median age of 14 
months. The sample was balanced by child sex (51.8% 
(1110/2142) female). Only 36.6% (784/2141) of the 
children were enrolled in supplementary and/or ther-
apeutic feeding programmes. Among children in the 
sample, 57.5% (1231/2142) were identified as wasted 
at admission, of which 15 presented with bilateral 

oedema, 69 were identified as having WHZ <−2 only, 771 
had MUAC  <12.5 cm only and 376 were identified by 
multiple indicators.

The median age for all mothers was 27 years (IQR: 
23–30), and 67.1% (1437/2142) of the sample was 
between 19 and 29.9 years old. The majority of mothers in 
the sample identified as non-PLMs (64.5% (1383/2142)), 
followed by pregnant mothers (28.6% (613/2142)) then 
lactating mothers (6.10% (146/2142)). All PLMs had data 
on attendance of antenatal care, of whom 93% (706/759) 
reported attending at least one antenatal care visit. The 
mean BMI for non-PLMs was 24.68 kg/m2. The most 
common BMI category for non-PLMs was normal weight 
at 50.7% (694/1368), followed by overweight/obese at 
41.2% (564/1368) and then underweight (BMI  <18.5 
kg/m2) at 7.95% (110/1368). When MUAC was used to 
define undernutrition for non-PLMs, the prevalence of 
undernourished mothers increased fourfold to 32.2% 
(464/1368). Among PLMs, 20.2% (121/598) of pregnant 
mothers and 20.0% (27/135) of lactating mothers were 
undernourished as defined by MUAC. The mean MUAC 
for PLMs was 25.9 and 26.4 cm, respectively. Among 
pregnant mothers, 6.07% (37/610) had a BMI  <18.5 
kg/m2 and less than 1% (4/610) had BMI  <16 kg/m2. 
Of mothers aged <19 years (n=133) who were excluded 
from the main analysis, 3.8% (5/132) were undernour-
ished as defined by BMI-for-age z-score <−2, and all the 
undernourished mothers aged <19 years were non-PLMs 
(online supplemental table 1).

Table 3  Mid-upper arm circumference of mothers presenting to Shabelle Health and Nutrition Center by child nutrition and 
mother gestational status—November 2019 to March 2020 (n=2064)†

Nutritional status of the child aged 6–59 months

Wasted‡ Non-wasted All children

n 1197 867 2064

 � Mother status§¶  �   �

Pregnant, n 333 265 598

 � MUAC <23 cm, n (%) 80 (24.0)* 41 (15.5)* 121 (20.2)

 � Mean MUAC (SD) 25.62 (3.77)* 26.31 (3.32)* 25.93 (3.59)

Lactating, n 63 72 135

 � MUAC <23 cm, n (%) 11 (17.5) 16 (22.2) 27 (20.0)

 � Mean MUAC (SD) 26.28 (3.48) 26.56 (4.1) 26.43 (3.81)

Neither pregnant nor lactating, n 801 530 1331

 � MUAC ≤24 cm, n (%) 291 (36.3) *** 138 (26.0) *** 429 (32.2)

 � Mean MUAC (SD) 26.17 (3.83)** 26.76 (3.63)** 26.41 (3.76)

*p<0.05; **p<0.01; ***p<0.001 indicated as significant.
†Significant p values were calculated comparing mothers with wasted children to mothers with non-wasted children.
‡Wasted is defined as children aged 6–59 months with WHZ <−2 and/or MUAC <12.5 cm and/or bilateral oedema. All other children were 
defined as non-wasted.
§Mother status was defined to be mutually exclusive. Pregnant mothers included women who self-identified as pregnant. Lactating mothers 
included non-pregnant mothers breast feeding a child between the ages of 0 and 5 months; the breastfed child was not necessarily the child 
enrolled in the study. Neither pregnant nor lactating mothers were defined as women who were neither pregnant nor lactating a child aged 
0–5 months.
¶Mothers missing information on MUAC (n=18) or MUAC out of range (n=60) were excluded from this analysis (total excluded, n=78).
MUAC, mid-upper arm circumference; WHZ, weight-for-height z-score.

 on A
pril 28, 2024 by guest. P

rotected by copyright.
http://nutrition.bm

j.com
/

B
M

JN
P

H
: first published as 10.1136/bm

jnph-2021-000302 on 13 D
ecem

ber 2021. D
ow

nloaded from
 

https://dx.doi.org/10.1136/bmjnph-2021-000302
https://dx.doi.org/10.1136/bmjnph-2021-000302
http://nutrition.bmj.com/


506 Zacks R, et al. bmjnph 2021;4:e000302. doi:10.1136/bmjnph-2021-000302

� BMJ Nutrition, Prevention & Health

Associations by maternal BMI
Differences in nutritional status comparing mothers with 
wasted children to mothers with non-wasted children 
are presented in table 2 (for maternal BMI) and table 3 
(for maternal MUAC). Among non-PLMs, mean BMI was 
significantly lower among mothers with wasted children 
compared with mothers with non-wasted children (24.43 
kg/m2 vs 25.06 kg/m2; p=0.034). However, differences 
in the proportion of mothers in BMI nutrition catego-
ries were not significantly different comparing non-PLM 
mothers with and without wasted children. While mean 
BMI was observed to be lower among pregnant and 
lactating women with wasted children compared with 
those with non-wasted children, differences were not 
statistically significant.

Associations by maternal MUAC
Mean MUAC among mothers with wasted children was 
lower compared with mothers with non-wasted children 
for women of all gestational status, but results were only 
significant for pregnant mothers (25.62 cm vs 26.31 cm; 
p=0.017) and non-PLMs (26.17 cm vs 26.76 cm, p=0.004). 
Although the differences were significant, the magni-
tude of the differences observed was relatively small 
(mean difference −0.69 cm for pregnant women and 
−0.59 cm for non-PLMs). The proportion of pregnant 
mothers who were undernourished was higher among 
pregnant mothers with wasted children than among 
those with non-wasted children (table 3; 24.0% vs 15.5%, 
p=0.010). This was also seen for non-PLMs (36.3% vs 
26%, p<0.001).

Figure 1  Model estimates of maternal body mass index 
(BMI) given child’s nutritional status by weight-for-height z-
score (WHZ) for three mother age categories (shown in panel 
A, B and C). Colours represent different maternal gestational 
statuses and line dashes represent different maternal parity 
categories.

Figure 2  Model estimates of maternal body mass index 
(BMI) given child’s nutritional status by mid-upper arm 
circumference (MUAC) for three mother age categories 
(shown in panel A, B and C). Colours represent different 
maternal gestational statuses and line dashes represent 
different maternal parity categories.

Figure 3  Model estimates of maternal mid-upper arm 
circumference (MUAC) given child’s nutritional status by 
MUAC for three mother age categories (shown in panel A, 
B and C). Colours represent different maternal gestational 
statuses and line dashes represent different maternal parity 
categories.

Figure 4  Model estimates of maternal mid-upper arm 
circumference (MUAC) given child’s nutritional status by 
weight-for-height z-score (WHZ) for three mother age 
categories. Colours represent different maternal gestational 
statuses and line dashes represent different maternal parity 
categories.
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Correlations and modelling
Unadjusted correlations between child and mother 
anthropometrics were positive but weak associations 
for all combinations: child WHZ and maternal MUAC 
(r=0.055); child MUAC and maternal MUAC (r=0.094); 
child WHZ and maternal BMI (r=0.059); child MUAC 
and maternal BMI (r=0.056).

Models estimating maternal anthropometric status 
given observed child anthropometric status, stratified by 
gestational status and parity category, are presented in 
figures 1–4 for models 1–4, respectively. For each figure, 
panels present estimates for women aged 22, 27 and 30 
years (the median, lower and upper quartiles of women 
included in the sample). In multivariate models adjusting 
for maternal age, gestational status and parity, maternal 
and child anthropometric measurements were positively 
associated (figures 1–4).

Table 4 shows the coefficient and CI for child anthropo-
metric value (WHZ or MUAC) in each of the four models. 
Maternal BMI increased by 0.22 kg/m2 (95% CI 0.22 to 
0.24) and 0.19 kg/m2 (95% CI 0.16 to 0.21) for each one-
unit increase in child WHZ and each centimetre increase 
in child MUAC, respectively. Maternal MUAC increased 
by 0.20 cm (95% CI 0.18 to 0.22) and 0.24 cm (95% CI 
0.23 to 0.25) for each one-unit increase in child WHZ 
and each centimetre increase in child MUAC, respec-
tively. While associations were significant in all models, 
the overall fit of the multivariable models assessed via the 
adjusted R2 value was low (range: 0.06–0.10).

Holding constant age, gestational status and child 
anthropometric status (WHZ or MUAC), the average 
model estimated maternal MUAC increased with each 
increasing parity category for all mothers (figures 3 and 4, 
online supplemental tables 2 and 3). Similarly, maternal 
BMI increased with increasing parity for all mothers 
(figures 1–4, online supplemental tables 2 and 3). Given 
modelled interactions, differences in maternal anthropo-
metric status depend on age and gestational status, but 
generally BMI was approximately 2–4 kg/m2 higher and 
MUAC was 1–3 cm higher for mothers with a parity of  >5 
relative to women with a parity of 1–2 (figures 1–4, online 
supplemental tables 2 and 3). Differences were smaller 
among women who were non-PLMs.

The relationship between gestational status and 
maternal BMI varied by anthropometric indicator. 
Holding parity and age constant, BMI was highest for 
pregnant women (figures 1 and 2). In contrast, mothers 
who were non-PLMs had higher MUAC values (figures 3 
and 4), except among women with the highest parity in 
models evaluating differences by child WHZ (figure 4).

DISCUSSION
Our analysis found a consistent, positive linear relation-
ship between child and mother anthropometric indica-
tors based on MUAC, BMI and WHZ. The relationship 
remained significant when adjusting for confounders 
such as mother’s age, parity and gestational status in 
multiple linear regression models. Our results are consis-
tent with previously published literature in Ghana and 
Ethiopia demonstrating an association between maternal 
nutritional status, measured by BMI, and the presence of 
wasting in their children.25–27

Despite an observed, significant correlation, the magni-
tude of the effects observed was small and the strength of 
the correlations was weak. For example, for a 22-year-old 
lactating mother with low parity (one to two children), 
the model estimated BMI would be 20.35 kg/m2 if her 
child was severely wasted (WHZ of −4) and 21.46 kg/m2 if 
her child was non-malnourished (WHZ of 0). Despite this 
dramatic difference in the nutritional status of the child, 
spanning half the distribution of plausible child WHZ 
scores, the estimated nutritional status of the mother 
remained clinically the same, with BMI being classified 
as normal weight in both scenarios. Both maternal gesta-
tional status and parity had a greater magnitude of effect 
on maternal anthropometric indicators than child nutri-
tional status. In the above example, if instead of varying 
the child’s WHZ, the mother’s parity was increased from 
one to two children to greater than five children, the moth-
er’s expected BMI would be 23.48 kg/m2. The scenario 
illustrates how increasing maternal parity was associated 
with a greater increase in BMI (+3.13 kg/m2) compared 
with changing the nutritional status of the child (+1.11 
kg/m2). However, variation in maternal nutritional status 
was poorly explained by observed covariates even with 

Table 4  Model estimates, CIs, p values and adjusted R2 for mother and child anthropometric associations*

Model 1: maternal 
BMI and child WHZ

Model 2: maternal 
BMI and child MUAC

Model 3: maternal 
MUAC and child 
MUAC

Model 4: maternal 
MUAC and child WHZ

Child WHZ coefficient
(95% CI), p value

0.22 kg/m2 (0.22 to 
0.24), p<0.001

– – 0.24 cm (0.23 to 0.25), 
p<0.001

Child MUAC coefficient 
(95% CI), p value

– 0.19 kg/m2 (0.16 to 
0.21), p<0.001

0.20 cm (0.18 to 0.22), 
p<0.001

–

Adjusted R2 0.06 0.08 0.07 0.10

*Models were adjusted for maternal parity, maternal age and gestational status.
BMI, body mass index; MUAC, mid-upper arm circumference; WHZ, weight-for-height z-score.

 on A
pril 28, 2024 by guest. P

rotected by copyright.
http://nutrition.bm

j.com
/

B
M

JN
P

H
: first published as 10.1136/bm

jnph-2021-000302 on 13 D
ecem

ber 2021. D
ow

nloaded from
 

https://dx.doi.org/10.1136/bmjnph-2021-000302
https://dx.doi.org/10.1136/bmjnph-2021-000302
https://dx.doi.org/10.1136/bmjnph-2021-000302
https://dx.doi.org/10.1136/bmjnph-2021-000302
http://nutrition.bmj.com/


508 Zacks R, et al. bmjnph 2021;4:e000302. doi:10.1136/bmjnph-2021-000302

� BMJ Nutrition, Prevention & Health

these parameters included. Future screening tools need 
to include parity, gestational status, age and child nutri-
tional status; however, including only these parameters 
is insufficient for a sensitive screening tool for maternal 
undernutrition. Prior research has shown that a variety 
of factors affect the undernutrition of Somali children 
including conflict28 and environmental factors such as 
household size and seasonality.29 Further work exploring 
other measurable factors, including those mentioned 
previously, is needed to develop a more robust yet simple 
screening tool to identify groups of reproductive age 
women that can be screened for undernutrition with BMI 
and/or MUAC in low-resource settings.

While the presented analysis does not support the 
use of child nutritional status as a simple screening tool 
for maternal undernutrition, the data suggest value in 
finding an alternative tool for identifying women outside 
of pregnancy and lactation. Among non-PLMs, 32.2% 
(429/1331) were undernourished as defined by MUAC 
criteria. This is comparable to the percentage of under-
nutrition seen in pregnant mothers (20.2%) and lactating 
mothers (20.0%). These non-PLMs would have been 
missed with current nutritional screening protocols. One 
unexpected finding was that non-PLM undernutrition as 
defined by MUAC was on average four times higher than 
when defined by BMI, the gold standard. Previous liter-
ature has supported the use of MUAC as a surrogate for 
BMI in low-resource settings,15 30 31 yet our data suggest 
these methods may not always be congruent.

Our sample of mothers and children from Somalia, a 
population impacted by protracted humanitarian crises, 
is unique in that it included a large sample of paired 
mothers and children, and included non-PLMs, a poorly 
represented population in published nutritional data sets.

The use of a facility-based sample of only mothers aged 
19–59 years with children aged 6–59 months is a limita-
tion that impacts the generalisability of these findings to 
the broader humanitarian and women of reproductive 
age population. Our sample was recruited from a health 
facility that provides nutritional services, possibly biasing 
the sample towards a sicker population. For example, 
Somalia’s population-based survey of Mogadishu children 
from October to December 2019 found 16.8% of IDP 
children and 14.2% of Mogadishu urban children were 
wasted compared with our facility-based sample of 57.5% 
of children classified as wasted.32 The study is subject to 
at least four additional limitations. First, the number of 
parameters collected was limited to reduce data collec-
tion burden during the public health programme’s 
regular operations. Therefore, unmeasured confounders 
that could affect the relationship have been left out 
including biological variables (ie, gestational age or 
mother comorbidities) and programmatic variables (ie, 
how long families had been receiving services). Second, 
the number of lactating and pregnant women in the final 
sample was small compared with non-PLMs, such that 
estimates among PLMs may be underpowered. Third, 
mother weight may have been overestimated as weight 

was collected fully clothed without weight adjustment 
potentially resulting in underestimation of undernutri-
tion by BMI. Fourth, despite finding a positive relation-
ship between maternal and child anthropometrics, 40.2% 
(331/823) of non-PLMs with wasted children were over-
weight/obese by BMI. Given the finding of high preva-
lence of overnutrition among mothers, in a context of 
food insecurity, there remains a need for future work to 
explore this phenomenon as well as exploring if the posi-
tive association persists in populations where the majority 
of mothers are undernourished.

CONCLUSION
Consistent with prior research, analysis of data from an 
outpatient health centre in Mogadishu, Somalia, provides 
evidence that the nutritional status of children is associ-
ated with their mother such that mothers with wasted 
children on average had slightly lower MUAC and BMI 
regardless of gestational status. However, while signifi-
cant, the small magnitude of effect and poor correlation 
does not support leveraging child nutritional status as 
an individual screening tool to identify undernourished 
non-PLMs. An approach of expanding screening to other 
groups of women of reproductive age would have value 
given the prevalence of undernutrition among non-
PLMs and represents an important area of future work in 
resource-limited settings.
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