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ABSTRACT
Background We used the United Nations High
Commissioner for Refugees Standardised Expanded
Nutrition Survey data to evaluate the effect of a change in
food ration on child growth in refugee camps in eastern
Chad.
Methods We compared trends of wasting and stunting
prevalence over time and the association between
the coexistence of being both stunted and wasted
using Pearson’s χ2 test. We analysed the effect of
an approximate 50% reduction in the general food
distribution, with the introduction of a 20 g daily ration of
small quantity lipid-based nutrient supplements given to
all children aged 6–23 months, on child growth. This was
done using interrupted time-series analysis to observe
differences in levels and trends in mean height-for-age z-
score (HAZ) and weight-for-height z-score (WHZ) over time
and by age group (6–24 months and 24–59 months).
Results Overall the prevalence of stunting and wasting
decreased significantly over time. The odds of being both
stunted and wasted was 1.38 higher than having one or
the other condition separately (p<0.001, 95% CI=1.29
to 1.47). Trends in mean HAZ and WHZ before and after
a ration change in 2014 indicate that growth had either
slowed down or worsened. In the period following the
ration change, children 24–59 months saw a significant
decrease in mean HAZ of 0.04 per year (p=0.02, 95%
CI=−0.07 to –0.01) and for the younger age group, there
was a significant decrease in mean WHZ of 0.06 per year
(p=0.03, 95% CI=−0.12 to –0.01).
Conclusions The dual burden of stunting and wasting is a
considerable challenge in refugee camp settings. Changes
to the food distribution had adverse effects on child growth
for both age groups. Broadening the scope of interventions
aimed at children in camps is essential when tackling
malnutrition with increased efforts essential during periods
of wider food assistance shortages.

INTRODUCTION
At the beginning of 2020, the number of
people considered to be forcibly displaced
was estimated to be around 79.5 million. Of

What this paper adds
What is already known?
►► Sparse evidence exists on stunting trends within hu-

manitarian and protracted crises.
►► In crisis contexts, nutrition-specific responses typ-

ically focus on wasting and little is known about
whether there is any added beneficial impact on
stunting reduction.

What are the new findings?
►► Overall, in most camps, the nutritional situation im-

proved for both stunting and wasting.
►► Small quantity lipid-
based nutrients (SQ-LNS) for

children 6–23 months old was not enough to sustain the previous progress in nutrition status during
a period of wider food assistance cuts.
►► The coexistence of wasting and stunting in refugee camps supports the growing need to address
all forms of malnutrition by broadening the scope
of interventions aimed at children in these settings.

What do the new findings imply?
►► Increased efforts to support the growth of all chil-

dren under 5 years are needed and relying on SQ-
LNS to compensate for a large cut in the general
ration is inappropriate.

these, around 80% had fled to countries or
territories suffering from acute food insecurity and malnutrition.1 Approximately
26 million were classified as refugees, half of
whom were children under the age of 18, and
20.4 million fell under the mandate of the
United Nations High Commissioner for Refugees (UNHCR).1 While camps were initially
intended to offer temporary shelter, around
15.7 million (77%) refugees were resident in
established, long-term camps.1
UNHCR mandated refugee populations (camps and out-of-camp) are situated
worldwide with the largest camps located in
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approaches have yet to provide sufficient evidence of
impact. Furthermore, a recent review suggests that there
could be fewer direct determinants (and, therefore,
fewer effective interventions) for stunting than previously
suggested and that stunting may be better considered as
a robust marker of poverty and a deficient environment.7
Generally, there has been a lack of scrutiny of stunting
trends within humanitarian and protracted crises and more
evidence is needed to better understand potentially effective responses to tackle both stunting and wasting together
in general and specifically within these contexts. By examining stunting and wasting trends over time and in specific
crisis-affected areas, we can start to identify where nutrition-
specific approaches are having some effect and where efficiencies in the response to both can be made.
UNHCR and its partners have been collecting data
on the health and nutrition status of refugees for many
years. The method most frequently used is repeated
cross-sectional surveys following a survey design known as
the Standardised Expanded Nutrition Survey (SENS).25
The SENS database consist mainly of data from regular
repeated cross-
sectional surveys based on the standardised monitoring and assessment of relief and transitions method for survey design and anthropometric
assessments adapted (ie, expanded) to cover the specific
multisector requirements of refugee settings. An effort to
systematically collect survey reports and survey datasets
for storage in a central repository started in 2009. By mid
2018, the global SENS database comprised 931 survey
reports and corresponding survey datasets.
Using available data from the SENS database, this analysis first describes the trends in the prevalence of stunting
and wasting in children under 5 years of age from 2010 to
2017 in 12 camps in eastern Chad. In 2014, the general
food distribution (GFD) ration was reduced, due to
funding constraints, and the provision of small quantity
lipid based nutrient supplements (SQ-LNS) was introduced for all children aged 6–23 months. A second analysis was carried out to understand the effect of a change
in the provision of food distributions on stunting and
wasting prevalence. This analysis observes the growth
trends of two age groups, 6–23 months (younger) and
24–59 months (older). In particular, we are interested in
the nature of the effect of change and the provision of
SQ-LNS on (1) the prevention of stunting, particularly in
the younger age group as it is during this period of rapid
normal growth that linear growth faltering mostly occurs,
and (2) the reduction of the prevalence of stunting,
particularly in the older age group where being stunted
is more likely observed than in the younger age group,
since linear growth faltering from birth is cumulative26
and thus manifests as being stunted in older children.27
METHODS
Data source
Because of its geographical position, and borders with
countries affected by conflicts, Chad has been host to
Fenn B, et al. bmjnph 2021;0. doi:10.1136/bmjnph-2021-000292
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Africa and Asia. In established camps, mortality rates,
including child and maternal mortality, have been found
to be lower than those of the surrounding host population2 3 which has been attributed to increased spending
on refugee populations.4 While malnutrition is no longer
considered the main driver of mortality in such contexts,5
UNHCR remains concerned regarding the high prevalence of anaemia and persistently high stunting prevalence throughout all its camps, a burden echoed in the
2020 Global Nutrition Report.6
Stunting (ie, low height-for-age z-score (HAZ)) is widely
used as a measure of chronic malnutrition and/or linear
growth faltering in children. Changes in the prevalence
of stunting in populations are interpreted as an indicator
of a shift (positive or negative) in the nutrition situation due to public health and nutrition programming.
Over the past decade, there has been increasing global
interest towards reducing the high burden of childhood
stunting in low-income and middle-income countries.7
However, according to a recent statement released by
the Joint Child Malnutrition Estimates group (UNICEF/
WHO/World Bank), and despite some countries making
very good progress,8 stunting reduction progress overall
has been ‘too slow’. Currently, the global proportion
of children who are stunted (HAZ <−2) is estimated to
be 21.3% which equates to 144 million children worldwide.9 Nearly half of this burden occurs in protracted and
fragile contexts where roughly 24% of the world’s population lives and this is projected to have nearly doubled
by 2050.10 However, in these settings, the focus of policy,
research and programming remains primarily on the
treatment of wasting in children under 5 years of age in
order to prevent excess mortality with very little attention
given to stunting.
With this in mind, and with an increasing focus on tackling malnutrition in all its forms, a number of initiatives are
exploring whether stunting can be prevented or reduced
through nutrition-specific preventative approaches that
also target wasting. This has likely arisen through the
identified commonalities in drivers that stunting and
wasting are thought to share,11 12 as well as the evidence
available on the coexistence of wasting and stunting at the
individual level13 14 and the increased risk of becoming
stunted for children who are or have been wasted.15 The
2021 Lancet series on maternal and child nutrition progress update (following from the 2013 series) reported that
a substantial reduction in the burden of undernutrition
could be achieved if low-income populations had access
to 11 evidence-based nutrition-specific interventions that
target maternal nutrition during pregnancy, infant and
young child nutrition, and the management of acute
malnutrition.16 17 However, evidence suggests that interventions with this narrow focus may have only a limited
impact on stunting18–20 and that efforts to tackle stunting
need to be focused on a number of key context-specific
determinants such as those at community level21 and
potentially through a multisector approach22–24 although
efforts to demonstrate the effectiveness of multisector
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Data analysis
Data were analysed using Stata V.14.1.28
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Anthropometric z-
scores were created using the
package zscore06 command in Stata. According to the
standard WHO cut-offs, data were considered as extreme
(biologically implausible), likely the result in the errors in
measurement or data entry, and coded as missing if the
calculated HAZ fell outside <−6 or >+6 or outside <−5 or
>+5 for the calculated WHZ.29
Binary variables for the prevalence of stunting (defined
as HAZ <−2), wasting (defined as WHZ <−2) were created
(1 yes, 2 no). A variable was created identifying which of
the two age groups (1=6–23 months, 2=24–59 months)
sampled children belonged to.
All analyses were considered significant at the 5% level
where necessary.
Descriptive analyses were first carried out to observe the
trends in the prevalence of stunting and wasting by age
group over time in each camp and for all camps (aggregated data). We used the Pearson’s χ2 test to examine the
differences in prevalence of stunting and wasting over
time for each subgroup and to look at the association of
the coexistence of stunting and wasting. The aggregated
data were then examined using single group interrupted
time-series analysis (ITSA) (box 1) to observe differences
in levels and trends in mean HAZ and WHZ over time for
each age group. Means were used to compare the changes
in the distribution of the indices (HAZ and WHZ) rather
than comparing prevalence below a given cut-off as the
latter may underestimate the population affected.30 An
initial observation of the data showed that an increase in
the population mean HAZ/WHZ was correlated with a
decrease in prevalence.31
Patient and public involvement
Due to the nature of this secondary research, patients
or the public were not involved in the design, conduct,
reporting or dissemination plans of our research.

RESULTS
Data were available for 12 refugee camps in eastern
Chad over six different years between 2010 and 2017
resulting in a raw dataset with 39 231 records of children
6–59 months (table 1). Just over a third (35.1%) of the
sample included children aged 6–23 months and 49.6%
were girls. A small number of children with missing data
on both height and weight (n=615) were dropped from
the analysis. There were 14 children with data missing on
weight and 31 with data missing on height. Sixty-seven
data points were recorded as missing with non-plausible
HAZ and 55 for non-plausible WHZ.
The trends for the prevalence of being stunted and
wasted over time by age group and for each camp are
shown in figure 1. Nearly all camps showed a significant
decrease in stunting and wasting over time. The exceptions being Amnabak and Kounoungo (stunting 6–23
months); Gozamer (stunting 24–59 months); Amnabak,
Gozamer, Iridimi and Touloum (wasting 6–23 months)
and Djabal (wasting 24–59 months).
3
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large number of refugees for more than 10 years. In
eastern Chad, the majority of refugees who came from
Dafur, Sudan were mainly women and under 20 years
old. The camps were relatively stable, having been set
up around 2003/2004 and migration, usually occurring
before the start of the rainy season (July to September)
was generally low. There were no major adverse weather
or climatic events reported. Malnutrition and disease
occurrence were cyclical and similar for each camp: food
insecurity increased from November to February, acute
malnutrition from March until September (and this was
generally higher in the more northerly areas) and malaria
peaked in November/December. Nearly all camps had
90%–100% coverage of measles vaccination and each
camp had a clinic supported by UNHCR and managed
by a Non-Governmental Organisation (NGO), providing
preventative and curative services for for example, diarrhoea, respiratory infections, malaria and accidents,
including maternal and newborn healthcare and basic
laboratory facilities. Secondary referral systems were also
in place to cater for those with health issues too complicated to be managed by camp health facilities. Primary
health care, infant and young child feeding programmes,
treatment of moderate acute malnutrition with corn
soya blend or ready-to-use supplementary foods, and the
systematic treatment of children with severe acute malnutrition is available with therapeutic milks (F75, F100),
resomal, amoxicillin and ready-to-use therapeutic foods
was available in all camps. Water, sanitation and hygiene
interventions were in place including the provision of
water for drinking and for personal hygiene and the availability of latrines often at the household level.
Prior to 2014 camps had access to a full GFD providing
2100 kcal/person/day and which was estimated to
provide the general energy requirements of children
aged 6–23 months (900 kcal/day). However, in 2014
the GDF ration was cut, by 40%–60% compared with
the full ration, prompting necessary action to enhance
prevention and management of malnutrition within the
camps. From 2014, UNHCR together with World Food
Programme (WFP) and other partners provided a nutrition treatment and prevention package to pregnant and
lactating women and to children under 5 years of age in
all eastern Chad camps with a global acute malnutrition
prevalence above 10%. Refugees received a GFD ration
alongside a 20 g daily ration of SQ-LNS (providing 110
kcal/day) given to all children aged 6–23 months regardless of their nutrition status. Together, the reduced GFD
ration and the SQ-LNS provided all essential micronutrients and between approximately 470 and 650 kcal/day,
representing a 24%–48% reduction in energy from the
pre-2014 ration. This continued (with minimal break in
supply) until the end of 2018 (with a 6-month gap in 2015
when the WFP took over and provided 200 g/child/day of
Super Cereal Plus instead of SQ-LNS).


Examples of impact models used in interrupted time-series analysis (ITSA)

The interrupted time-series analysis (ITSA) is a quasi-experimental method to establish the likely causal effect of an intervention. The ITSA design offers
an examination of preintervention and postintervention changes in levels and trends or slopes of an outcome variable using a minimum of three variables:
the outcome at time (t) (Yt) and the time since the start of the study (T) in units representing data frequency, for example, months or years and a dummy
variable indicating the preintervention (coded 0) and postintervention (coded 1) periods. A standard segmented model, where segments represent different intercept and slope coefficients for the preintervention and postintervention periods, is used:

	

Yt = β0 + β1 T + β2 Xt + β3 TXt 

where β0 estimates the base level of the outcome at the beginning of the series (T), β1 estimates the underlying preintervention trend (the base trend of
the outcome over time), β2 estimates the change in level following the intervention and β3 estimates the change in trend in the postintervention period
(using the interaction between time and intervention).
Some examples of impact models are illustrated in the figure below taken from Bernal et al.37 The dashed vertical line represents the point in time an
intervention was implemented. While these examples indicate specific examples, it is worth pointing out that impacts may manifest as combinations of
these patterns.
Changes in the levels and slopes of the main outcome variables (mean HAZ and WHZ) were assessed using the Stata ITSA command, using OLS regression with
Newey-West standard errors and a lag of 1 (to adjust for potential autocorrelation between concurrent time points).38 This allowed a comparison of the change
in levels and slopes before the intervention and during the postintervention period between the two age groups. Data missing for the 2 years (2012 and 2014)
were imputed using linear interpolation for each camp, in order to run the Stata ITSA command. In the pooled analysis, camps were treated as weighted equally,
regardless of population size,since this analysis is concerned more with the evaluation of the ration change itself in the context it occurred rather than generalisability.





(A) Level change; (B) Slope change; (C) Level and slope change; (D) Slope change following a lag; (E) Temporary level change; (F) Temporary slope change leading to a
level change.

Nearly half of all children (49.8%) in the pooled database were stunted, 10.6% were wasted and 6.0% were
both stunted and wasted. The prevalence of children who
were stunted was higher in the age group 24–59 months
compared with the younger group (50.8% vs 48.2%
(p<0.001, χ2=24.0)), the prevalence of children who were
wasted was higher in the younger age group: 13.9% vs
8.8% (p<0.001, χ2=241.9).
Overall, the prevalence of children classified as stunted
or wasted decreased significantly over time. On average,
there was a 13.0 percentage point decrease between 2010
4

and 2017, from 57.7% to 44.7% (p<0.001, χ2=459.9)
which equates to an annual average rate of reduction of
4.1%.32 The prevalence of wasting decreased from 12.3%
to 11.8% (p<0.001, χ2=103.8). The odds of being both
stunted and wasted was 1.38 higher than not (p<0.001,
95% CI=1.29 to 1.47).
Table 2 illustrates that for each age group the prevalence of being stunted or wasted significantly decreased
over time except in the 24–59 month age group which
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Year
Camp

2010

2011

2013

2015

2016

2017

Total

Amnabak
Bredjing

732
618

504
380

469
523

403
505

371
500

571
650

3050
3176

Djabal

512

589

565

465

804

681

3616

Farchana

665

481

489

524

509

557

3225

Gaga

648

477

478

548

519

568

3238

Gozamer

787

601

549

466

776

645

3824

Iridimi

688

478

511

483

606

519

3285

Kounoungo

566

516

582

475

505

584

3228

Mile

641

446

503

438

543

577

3148

Oure Cassoni

611

512

524

459

433

533

3072

Touloum

615

472

525

531

520

569

3232

Treguine
Total

685
7768

492
5948

472
6190

485
5782

479
6565

524
6978

3137
39 231

SENS, Standardised Expanded Nutrition Survey.

showed a significant 2.8 percentage points increase in the
prevalence of being wasted.
The results for the change in levels and slopes for mean
HAZ and WHZ are shown in figures 2 and 3. The solid lines
represent the predicted linear trends, or slopes, for children aged 6–23 months and the dashed lines for children
aged 24–59 months. The vertical dotted line represents
the point in time when the ration change started with

segmented predicted linear trends, or slopes, either side
representing the periods before and after 2014.
For HAZ, there were no significant changes in terms
of changes in level (both age groups) or slope (younger
age group). However, the older age group saw a significant difference in the post-2014 slope compared with the
pre-2014 slope with a post-2014 decrease of mean HAZ of
0.04 per year (p=0.02, 95% CI=−0.07 to –0.01) (figure 2).

Figure 1 Trend in stunting and wasting prevalence by camp and age group. HAZ, height-for-age z-score; WHZ, weight-for-
height z-score
Fenn B, et al. bmjnph 2021;0. doi:10.1136/bmjnph-2021-000292
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6–23 months
(HAZ <−2%)
24–59 months
(HAZ <−2 %)
6–23 months
(WHZ <−2 %)
24–59 months
(WHZ <−2 %)

2010

2011

2013

2015

2016

2017

Total % (n)

P value*

57.0

52.0

48.7

45.3

40.5

43.4

<0.001

58.1

56.5

51.8

47.6

44.8

45.4

48.2
(n=13 752)
50.8
(n=25 448)

18.9

16.6

13.0

8.8

11.6

12.5

8.6

8.3

8.9

7.0

8.2

11.4

13.9
(n=13 745)
8.8
(n=25 441)

<0.001
<0.001
<0.001

*P value for χ2 statistic.
HAZ, height-for-age z-score; WHZ, weight-for-height z-score.

For the younger age group, figure 3 shows a significant
annual WHZ increase of 0.05 (p=0.002, 95% CI=0.03
to 0.08) during the pre-2014 period. However, this was
followed by a significant post-2014 decrease in WHZ of
0.06 (p=0.03, 95% CI=−0.12 to –0.01). In fact, both age
groups saw a similar negative trend in mean WHZ during
the post-2014 period compared with the pre-2014 trend.
DISCUSSION
The overall decline in the prevalence of stunting/
improvement in mean HAZ in both age groups and in
the prevalence of wasting/improvement in mean WHZ
in the younger age group in the camps is encouraging.
In light of the ITSA results, however, the 2014 GFD ration
change was associated with a decrease in the trend for
improvement of stunting in the older age group and of
wasting for both age groups. Given that all of the children
in the younger age group and some of the children in the
older age group would have been affected by the ration
change this suggests that the change was not beneficial
for growth.
This analysis shows that the dual burden of wasting
and stunting is a significant challenge in refugee camp
settings. Given the increasing evidence of the higher

Figure 2 Interrupted time-series for mean HAZ by age
group. HAZ, height-for-age z-score

6

risk of mortality in children who are both stunted and
wasted,33 but also for increasing progress towards the
global Sustainable Development Goal (SDG) 2.2, it would
make sense to broaden the scope of the interventions
aimed at children in camps. Although it is not possible to
be more specific here without knowing more about the
causes of either, it is likely that, due to the different aetiologies and drivers of both wasting and stunting, multiple
approaches would be needed. More evidence is needed
to understand the overlaps/common drivers between
stunting and wasting in these settings in order to develop
a more integrated nutrition service. This is not only applicable here but also for increasing progress towards SDG
2.2 in addressing all forms of malnutrition. Recent efforts
have been made to understand multiple approaches for
addressing not just different forms of undernutrition but
related non-
communicable
also overnutrition and diet-
diseases as in double-duty approaches34 and triple-duty
approaches including climate change35 by determining
common drivers.
Limitations
Evidence from this study needs to be interpreted carefully
since there are a number of limitations. The analyses are
relatively simple and do not include a range of factors

Figure 3 Interrupted time-series for mean WHZ by age
group references. WHZ, weight-for-height z-score
Fenn B, et al. bmjnph 2021;0. doi:10.1136/bmjnph-2021-000292
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Table 2 Prevalence of stunting and wasting over time by age group for all camps combined
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CONCLUSION
The cuts to the GFD ration in 2014 may have adversely
affected young children’s nutritional status even
though SQ-LNS was provided as a supplement. This
LNS did not sufficiently offset the
suggests that SQ-
reduction in the GFD or the amount of it that the
child received. In fact, the progress seen before 2014
slowed or even stopped and this questions what role
the blanket SQ-LNS distribution had as a preventative
intervention. For example, what would have happened
to the anthropometric status of these children had
there been no blanket distribution of SQ-LNS? Would
further declines in anthropometric status, especially
stunting, have occurred? Would it have been a better
use of resources to support the GFD ration rather than
providing the more expensive SQ-LNS? Without the
specific data we can only hypothesise what the alternative outcomes may have been. What we may surmise,
however, is that a targeted intervention for these young
children was clearly insufficient to compensate for the
shortfalls of wider food assistance in sustaining the
previous progress in nutritional status.
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