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Abstract

Background: Accurate and timely data on the health of a population are key for evidence-based decision making
at both the policy and programmatic level. In many low-income settings, such data are unavailable or outdated.
Using an electronic medical records system, we determined the association between nutritional status and severe
illness and mortality among young children presenting to a rural primary health care facility in the Gambia.

Methods: Clinical data collected over five years (2010–2014) on children aged under 60 months making acute visits
to a primary health care clinic in the rural Gambian district of Kiang West were retrospectively extracted from the
medical records system. Generalised estimating equation models were used to investigate associations between
nutritional status and illness severity, accounting for repeat visits, gender, age and access to transport to the clinic.
The Population Attributable Fraction (PAF) was used to determine the proportion of severe illness likely attributable
to different grades of malnutrition.

Results: 3839/5021 (77%) children under 60 months of age living in Kiang West presented acutely to the clinic at
least once, yielding 21,278 visits (47% girls, median age 20.2 months (Interquartile Range (IQR) 23.92 months)) and
26,001 diagnoses, 86% being infectious diseases. Severe illness was seen in 4.5% of visits (961/21,278). Wasting was
associated with an increased risk of severe illness in a dose-dependent manner, (‘WHZ < -1’ adjusted Odds Ratio
(aOR) 1.68, 95% CI:1.43–1.98, p < 0.001, ‘WHZ <-2 and ≥-3’ aOR 2.78, 95% CI:2.31–3.36, p < 0.001 and ‘WHZ < -3’ aOR
7.82, 95% CI:6.40–9.55, p < 0.001) the PAF for wasting (WHZ < -2) was 0.21 (95% CI: 0.18–0.24). Stunting, even in the
most severe form (HAZ < -3), was not significantly associated with severe illness (aOR 1.19 95% CI:0.94–1.51) but was
associated with a significantly increased risk of death (aOR 6.04 95% CI:1.94–18.78).

Conclusion: In this population-based cohort of young children in rural Gambia, wasting was associated with
disease severity in a dose-dependent manner. Further research is needed into strategies to identify and reach these
children with effective interventions to improve their nutritional status.
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Background
Quality health information is a prerequisite for improving
clinical practice, informing public health approaches and
guiding health policy. Health information systems draw
data from a range of sources including: epidemiological
studies, birth and death registers and health facility re-
cords. John Fry’s work on common diseases provides a
historical example of how primary care data can provide a
window into the health of a population [1]. Migration
from paper to electronic health records has further facili-
tated the utilisation of health facility data [2], which can
be used for auditing, quality improvement and epidemio-
logical purposes. In the absence of well-designed longitu-
dinal surveys–which are generally required to quantify the
burden of infectious disease morbidity [3]–health facility
data can provide useful insights into population morbidity
profiles. Given the expense and level of technical capacity
to manage such systems, few low-income countries have
implemented one [4–6].
There are limited examples in the published literature

where routinely collected primary care data from
sub-Saharan African countries has been used for epi-
demiological purposes (see additional file 1, section 1 for
literature search criteria). A well-defined cohort study in
South Africa used primary care data to describe the dis-
ease profiles of 1357 children under 5 years presenting to
primary care clinics between 2006 and 2007 [7]. Data from
4026 prescriptions given on the ‘Phelophepa’ primary care
train in South Africa were also used to determine pre-
scribing characteristics [8]. However, we are not aware of
any analysis using primary care data to describe the mor-
bidity profiles of a population in a West African setting.
This is the first study utilising clinical data collected

via an electronic medical records system for all children
under 60 months presenting to a primary health care fa-
cility in the Kiang West district, The Gambia [9]. We
sought to provide an insight into illness severity and
mortality of clinic presentations in relation to nutritional
status of children under 60 months making acute pre-
sentations to the clinic.

Methods
Study site and database
This study utilises data on children under 60 months of
age presenting to the Keneba primary health care clinic
in The Gambia, collected over a five-year period (1st
January 2010 - 31st December 2014). The clinic serves
the population of Kiang West, a rural Gambian district
with 36 villages and a population of ~ 14,000. Annual in-
and out-migration for Kiang West stands at 90 and 89
per 1000 population respectively [9]. Free health care is
provided to all Kiang West residents by the Medical Re-
search Council (MRC) Unit, The Gambia. Data were col-
lected via the demographic surveillance system (DSS)

and the Keneba Electronic Medical Records System
(KEMReS) capturing detailed information on all clinic
presentations; a platform previously described by Hennig
and Colleagues [9]. Clinic visits were classified into:
Non-acute (child welfare visits as part of childhood sur-
veillance and follow-up visits scheduled by clinic staff;),
and acute (self-referred and emergency visits as assessed
by nursing staff ). Unless otherwise stated, analyses refer
to acute clinic visits only throughout the text.
On presentation, vital signs and anthropometric mea-

surements were taken by trained clinic personnel (see
Hennig et al. [9] for details of all data captured). Length
(age < 12 m) or height (age ≥ 12 m) was measured using a
Harpenden Infantometer length board (Holtain Ltd) or
stadiometer (Leicester Height Measure; model MKII) re-
spectively. Weight was measured using digital scales
(Seca, model 336; sensitivity 0.01 kg for infants or Tanita
HD-305 scale; sensitivity 0.1 kg, for older children). The
attending doctor recorded presenting complaints and
physical findings. Disease classifications followed the Inter-
national Classification of Diseases (ICD)-10 listings, pre-
scribed medications were linked to each patient episode.

Data extraction, cleaning and variables
The cumulative under 60-month-old population in Kiang
West between 2010 and 2014 was derived from the Kiang
West DSS, dates of death were also extracted. Clinic data
were extracted from the KEMReS database (see Additional
file 1, section 2 for full details of data extraction).
Clinical severity was retrospectively assessed using five

criteria: 1) history and examination using the severe ill-
ness criteria set by the integrated management of child-
hood illness [10] 2) physician’s interpretation if a child
looked acutely ill, 3) the need for parenteral treatment,
4) the need for admission or referral, and 5) a paediatric
advanced warning score (PAWS) [11] greater than 2.
Each criteria fulfilled added one point to a child’s score,
with an overall score of 2 or more indicating severe ill-
ness (for full details and rational see Additional file 1,
section 3 and Rees et al. [11]).
The WHO 2006 child growth standards were used to

calculate Height-for-Age (HAZ), Weight-for-Height
(WHZ) and Weight-for-Age (WAZ) Z-scores [12]. Data
were excluded if they fell outside of a biologically plaus-
ible range, taken to be greater than +/− 5 Z-scores. Vari-
ables were created for wasting (WHZ) and stunting
(HAZ), categorised as ‘at risk’ (Z-score < − 1 and ≥ − 2)
‘moderate’ (Z-score < − 2 and ≥ − 3) and ‘severe’ (Z-score
< − 3) [13]. ‘Wasting’ or ‘Stunting’ refers to the sum of
both ‘moderate’ and ‘severe’ (i.e. Z-score < − 2). Based on
previous estimates on the average duration of untreated
severe acute malnutrition [14], we restricted our analysis
on the association between wasting and mortality to
children for whom WHZ data were available within the
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101 days preceding death, including acute and
non-acute presentations. Access to transport was de-
fined based on village of residence within Kiang West,
with those living in the villages of Keneba, Manduar
or Kantong Kunda having access to free weekly trans-
port to the health facility.

Statistical analysis
Only data from acute clinic visits were included for pre-
senting complaints, diagnoses and illness severity.
Welch’s unequal variances t-test was used to determine
if nutritional status differed between those classified as
severely ill and those not. All acute presentations were
included in the analysis, regardless if they were repeat
visits by the same individual.
Generalised estimating equation models (to account

for the multiple visits by the same individuals) with a log
link, binomial distribution and utilising the unique child
identification as a cluster variable (STATA IC 14) were
used to examine the association between nutritional sta-
tus (categorical variable), and severe illness (dichotom-
ous variable) and death (dichotomous variable) adjusting
for: age (continuous variable), gender (dichotomous vari-
able) and access to transport to the clinic (dichotomous
variable). The proportions of severe illness attributable
to different grades of malnutrition were calculated as the
Population Attributable Fraction (PAF) [15].

Ethics approval
The Joint Gambian Government/MRC Gambia Ethics
Committee granted approval for the collection and use
of anonymised demographic surveillance data in Kiang
West in 1981. This approval was extended to the use of
routine clinical data collected at the MRC Keneba clinic
from 2009 and covered the period of data collection
(2009–2014) used in this study.

Results
Between 1st January 2010 and 31st December 2014, the
cumulative under 60 months old population of Kiang
West was 5021. Of these, 3839 (77%) made at least one
acute visit to the Keneba clinic, with a total of 21,278
visits (median of 5 visits per individual over the report-
ing period (IQR = 7). In addition, 7452 non-acute visits
(follow-up and welfare clinic appointments) were made
by 1495 children, of those only 39 children made
non-acute visits to the clinic. The median age at presen-
tation for acute clinic visits was 20.2 m (IQR = 25.9) with
47% of visits made by girls (Table 1).
A total of 160 deaths in children under 60 m were re-

corded in Kiang West over the period (median age at
death was 1.3 m, IQR = 12.3) representing an under 60 m
mortality rate of 51 deaths per 1000 live births. Of these,
31% (50/160) presented to the clinic at any point prior

to death, with a median time of 10 days (IQR = 151) be-
tween final presentation to the clinic and death. Table 1
shows the characteristics of both those who did and did
not attend the clinic prior to death. Children were less
likely to present to the clinic at any point prior to death
if death occurred in the neonatal period (OR = 0.10, 95%
CI = 0.04–0.24 p < 0.001) or infancy (OR = 0.15, 95% CI
= 0.07–0.32 p < 0.001). The distance to the clinic for
those who did not present prior to death (median = 21
km (IQR = 12) was significantly greater than for those
who did present (median = 13 km (IQR = 9, p = 0.02), ir-
respective of age at death. (Table 1).
The median number of presenting complaints per visit

was two (IQR = 2) with 1242/21,278 visits having no
complaint recorded. The most common complaints were
fever and cough, noted in 73% (15,478/21,278) and 52%
(10,960/21,278) of visits respectively. Of the 26,001 diag-
noses (median of 1 diagnosis per visit (IQR = 1), 22,456
(86%) were for infectious diseases. Antibiotics were pre-
scribed in 67% (14,327/21,278) of all visits, (for full de-
tails of presenting complaints, diagnoses and
prescriptions see Additional file 1, section 4), including
to 31% of children with common cold as their sole
diagnosis.
In 4.5% of visits (961/21,278) patients were classified

as being severely ill. Disease categories differed signifi-
cantly between those with and without severe illness
(Table 2). Pneumonia was the most common diagnosis
in patients with severe illness (287/961, 30%) (see add-
itional file 1, section 4). The risk of severe disease de-
clined with age (Table 3). Of the 50 children to present
to the clinic prior to death 72% (18/25) were severely ill
at their last clinic visit.
Data on wasting (WHZ) were available for 20,478/

21,278 visits (96%) (outside plausible range n = 51, miss-
ing n = 749) and on stunting (HAZ) for 20,545/21,278
visits (97%) (outside plausible range n = 122, missing n =
611) (Table 3, for demographics of children with and
without missing anthropometric data see Additional file
1, section 5). Children over 12 m old had significantly
higher prevalence of mild, moderate and severe stunting
than infants, whereas the prevalence of wasting was
similar between the age groups (additional file 1, section
6). The coexistence of stunting in children classified as
wasted was 33% (788/2405) and the presence of wasting
in children classified as stunted was 18% (788/4389).
Nutrition-related diagnoses accounted for 14% (188/
1330) of all severe illness diagnoses, compared with 3%
(663/24,670) of non-severe illness (Table 2): OR 5.97
95% CI:5.02–7.09, p < 0.001. Both mean HAZ and WHZ
where significantly lower in children with severe illness
(Table 3). Of the 50 children who presented to the clinic
prior to death 33 (66%) presented in the 101 days pre-
ceding death, with WHZ data available for 30 of these
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individuals (outside plausible range n = 1, missing n = 2).
The mean WHZ of these 30 children at their last clinic
visit before death (mean = − 1.45, SD = 1.65) was signifi-
cantly lower than that of children during other acute clinic
visits (mean = − 0.70, SD = 1.15; W = 3.68, p = 0.04).
Wasting was significantly associated with a higher risk of

severe illness in a dose-dependent manner (‘risk of wasting’
aOR 1.68, 95% CI:1.43–1.98, p < 0.001, ‘moderate wasting’
aOR 2.78, 95% CI:2.31–3.36, p < 0.001 and ‘severe wasting’
aOR 7.82, 95% CI:6.40–9.55, p < 0.001). The association be-
tween different grades of wasting was observed for all specific
infectious diseases, with the exception of severe bronchiolitis
(Table 4). The fraction of severe illness attributable to severe

wasting, calculated as PAF, was 0.11 (95% CI:0.09–0.13) and
for wasting overall 0.21 (95% CI:0.18–0.24). Including those
at risk of wasting increased the PAF to 0.35 (95% CI:0.29–
0.40). Stunting on the other hand, even in its severe form
was not significantly associated with illness severity. Both se-
vere stunting (aOR 6.04, 95% CI: 1.94–18.78, P = < 0.001)
and severe wasting (aOR 9.33, 95% CI:3.39–25.70, P < 0.001)
at the last clinic presentation were however associated with a
significantly increased risk of subsequent death (Table 4).

Discussion
This is the first study to analyse data collected routinely
by an electronic medical records system in West Africa,

Table 1 Demographics of children under 60 months presenting to the Keneba clinic and of all children under 60 months to die in
Kiang West over the reporting period (January 2010 to December 2014)

All
(n = 21,278)

Non-severe
(n = 20,317)

Severe
(n = 961)

All deaths
(n = 160)a

Deaths: no prior
clinic visit (n = 110)a

Deaths: prior
clinic visit (n = 50)

p-value (death no
visit vs death with visit)

N = 21,278
(%)b

Median age at
visit/death,
months (IQR)

20.23 (23.92) 20.47 (26.12) 15.67
(18.30)

0.10 (1.03) 0.13 (4.11) 12.72 (21.70) < 0.001 21,278
(100%)

Presentations /
deaths by
neonates (%)

323 (1.5%) 283 (1.4%) 40 (4.2%) 78 (48.1%) 69 (62.7%) 7 (14.0%) < 0.001 21,278
(100%)

Presentations /
deaths by
infants (%)

6606 (31.0%) 6243 (30.7%) 362 (37.7%) 121 (74.7%) 95 (86.4%) 24 (48.0%) < 0.001 21,278
(100%)

Presentations /
deaths by girls
(%)

10,089 (47.4%) 9666 (47.6%) 423 (44.0%) 75 (46.9%) 51 (46.2%) 24 (48.0%) 0.85 21,278
(100%)

Median
mothers age at
visit / death,
years (IQR)

30.9 (11.1) 30.8 (11.1) 31.5 (11.1) – – 28.2 (10.9) – 20,099
(94.5%)

Median birth
order at visit /
death (IQR)

4 (4) 4 (4) 4 (5) – – 4 (4) – 20,099
(94.5%)

Median
distance
(kilometre) to
clinic (IQR)

5.3 (11.6) 5.3 (11.6) 10.5 (19.0) 16.8 (13.5) 21.0 (12.4) 13.2 (8.8) 0.02 21,278
(100%)

Access to free
transport to
clinic (%)

11,692 (55.0%) 11,292 (44.4%) 400 (41.6%) 21 (13.1%) 15 (13.6%) 6 (11.5%) 0.78 21,278
(100%)

Mother
education level

17,282
(81.2%)

Data
unavailable

3966 (18.8) 3848 (19.0) 148 (15.4) – – 13 (26.0) –

No formal
education

13,728 (64.5) 13,061 (63.4) 667 (69.5) – – 27 (54.0) –

Primary 2208 (10.4) 2101 (10.3) 107 (11.1) – – 0 (0.0) –

Lower
secondary

171 (0.8) 166 (0.8) 5 (0.5) – – 3 (6.0) –

Upper
secondary

990 (4.6) 962 (4.7) 28 (2.9) – – 0 (0.0) –

College and
university

185 (0.9) 179 (0.9) 6 (0.6) – – –

a Data on mothers age, mother’s education level and child’s birth order were unavailable for children who did not attend the clinic prior to death
b Total number of data points available for each variable (% of visits for which data are available)
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and is one of only a small number of studies to use pri-
mary health care data to assess disease patterns and nu-
tritional status in a sub-Saharan African context [7, 8].
The main strengths of our study lie in the magnitude

of our data set, with over 21,000 acute clinic visits over
a 5-year period, and the robust electronic capture meth-
odology. For a rural primary care setting, our data are
highly complete, with clinic outcome data for 99% of all
visits. Diagnoses in our study were solely made by paedi-
atricians or general physicians as opposed to nurse-led
clinics which are more common in such settings [16]
and although misclassifications may be present [17], the
use of ICD-10 coding makes our results easily compar-
able to other studies.

Infectious diseases formed the majority of the morbidity
burden in our study regardless of clinical severity reaffirm-
ing the need for focused efforts aimed at both preventing
and treating these illnesses [18]. Both severe wasting and
severe stunting were associated with an increased risk of
death, similar to previous findings [19–21]. Wasting was a
strong risk factor for severe illness, overall and for the
most common infectious diseases in a dose dependent
manner. In the adjusted model, stunting–even when se-
vere– was not associated with an increased risk of severe
illness. When estimating the fraction of severe illness at-
tributable to WHZ the inclusion of those at risk of wasting
increases this from around one-fifth to almost one-third.
Our findings that children at risk of wasting (WHZ ≤ -1 to
> − 2) have an almost 70% increased risk of severe illness
compared to children who are not classified as at risk
(WHZ> -1), indicates that children who would not trad-
itionally be identified as being acutely malnourished are
still more vulnerable to severe illness than their better
nourished counterparts. This reemphasises the need for a
range of actions that promote optimal nutrition in young
children, while ensuring that therapeutic measures are in
place for those in need.
Community management with ready to use thera-

peutic food has proven highly effective in treating chil-
dren with severe wasting [22, 23]. Coverage of
therapeutic programmes can however be low, due to
programmatic constraints, or a lack of awareness of mal-
nutrition or the therapeutic services in communities
[24]. Recent advances in the formulation of therapeutic
foods could have important implications for the cost and
logistics currently associated with these programme, [25]
which may lead to increased provision of these services.
The effectiveness of community treatment for moderate

Table 2 Classification of 24,671 diagnoses made during 21,278
acute clinic visits and 1330 diagnoses made during 961 severe
illness presentations, and types of infectious diseases diagnoses
in severe and non-severe presentations

Non-severe Severe χ2 P-value

Diagnosis Categories for 26,001 diagnoses made during acute visits

Well 407/24,671 (1.7%) 0/1330 (0%) < 0.001

Infection 21,428/24,671 (86.8) 1028/1330 (77.2%)

Injury 372/24,671 (1.5%) 14/1330 (1.1%)

Nutritional 663/24,671 (2.7%) 188/1330 (14.2%)

Other 1801/24,671 (7.3%) 100/1330 (7.5%)

Type of infectious disease for 22,456 infectious disease diagnoses

Respiratory 10,212/21,428 (47.7%) 427/1028 (41.6%) < 0.001

Skin 4314/21,428 (20.1%) 59/1028 (5.7%)

Diarrhoea 4214/21,428 (19.7%) 219/1028 (21.3%)

Malaria 86/21,428 (0.4%) 37/1028 (3.6%)

Other 2602/21,428 (12.1%) 286/1028 (27.8%)

Table 3 Nutritional status of children during acute visits to the clinic according to illness severity

All acute visits
(N = 21,278)

Non-severe
(N = 20,317)

Severe illness
(N = 961)

P value
(severe vs non-severe)

Last visit before death
(N = 50)

Mean WHZ (SD) −0.70 (1.20) −0.66 (1.17) −1.48 (1.47) < 0.001a −1.45 (1.65)c

All wasting 2405/20,478 (11.7%) 2114/19,554 (10.8%) 291/924 (31.5%) < 0.001b 11/30 (36.7%)c

Moderate wasting 1923/20,478 (9.4%) 1761//19,554 (9.0%) 162/924 (17.5%) < 0.001 b 4/30 (13.3%)c

Severe wasting 482/20,478 (2.4%) 353/19,554 (1.8%) 129/924 (14.0%) < 0.001 b 7/30 (23.3%)c

Mean HAZ (SD) −1.21 (1.30) −1.21 (1.28) −1.34 (1.59) 0.001a −2.17 (1.27)

All stunting 4389/20,545 (21.4%) 4143/19,614 (21.1%) 246/931 (26.4%) < 0.001 b 27/50 (54.0%)

Moderate stunting 3345/20,545 (16.3%) 3179/19,614 (16.2%) 166/931 (17.9%) 0.17 b 13/50 (26.0%)

Severe stunting 1043/20,545 (5.1%) 964/19,614 (4.9%) 79/931 (8.5%) < 0.001 b 14/50 (28.0%)

Mean WAZ (SD) −1.21 (1.08) −1.19 (1.06) −1.73 (1.26) < 0.001a −2.49 (1.55)

All underweight 4519/20605 (21.9%) 4164/19,686 (21.2%) 355/919 (38.6%) < 0.001 b 28/48 (60.9%)

Moderate underweight 3529/20605 (17.1%) 3321/19,696 (16.9%) 208/919 (22.6%) < 0.001 b 10/48 (21.7%)

Severe underweight 990/20605 (4.8%) 843/19,686 (4.3%) 147/919 (16.0%) < 0.001 b 18/48 (39.1%)
a P-value for Welch’s unequal variances t-test
b χ2 P-value
c N = 30 for WHZ and wasting
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wasting is unclear from both programmatic and policy
perspectives [26–28]. Currently the routine provision of
supplementary foods to children with moderate wasting
is not recommended [29].
Often the dietary guidance provided for carers of chil-

dren with moderate wasting is no different to that of
well-nourished children, while they need guidance that
is locally adapted and promotes nutritionally adequate
diet for their physiological state [30].
A range of efficacious nutrition interventions are avail-

able, that when delivered at high coverage could signifi-
cantly reduce the burden of wasting and stunting [31].
Nutrition educational strategies and mass media inter-
ventions can be effective at improving infant and child
feeding practices, yet we need to know more about the
specific design components of these interventions that
deliver the greatest impact [32]. There is also evidence
multi-faceted nutrition specific interventions deliver
greater benefit over singular focused programmes, [33].
Additionally, to address both the proximal and distal de-
terminants of malnutrition and ensure sustained impact,
nutrition interventions need to be implemented in con-
junction with other nutrition sensitive public health
measures, including social safety nets [34].
Despite a long history of nutritional intervention stud-

ies in Kiang West [35] the level of malnutrition in our
study population equates to a serious public health prob-
lem [36], although this is not dissimilar to the situation
in many low-income countries [37, 38]. Our results
highlight the importance of early identification of poor
nutritional status in children. The collection of multiple
anthropometric measurements enabling the assessment
of growth velocity rather than one off measurements
could be a more effective strategy [39], however in many
contexts this approach may prove impractical [40]. This
challenge could partly be overcome by the use of simple
measurements that caregivers can conduct at home
regularly [41]. There is growing evidence for the effect
of mHealth interventions [42], and we believe technol-
ogy innovations, such as an SMS based platform like
Rapid Pro [43], could be used for self-reporting and to
facilitate focused guidance for caregivers and to enable
remote follow up.
As well as identifying specific interventions, striking a

balance between the different delivery platforms for nu-
trition services – health facility, community and
out-reaches [44] – with respect to effectiveness for nu-
trition outcomes and cost remains challenging. However,
as a contact point where help is sought for common is-
sues, such as cough and fever, rural clinics present an
ideal place where targeted assessment, care and referrals
can be provided. This is further supported by the obser-
vations that the outcomes of community-wide preventa-
tive nutrition supplementation programmes in children

have been conflicting, particularly in terms of morbidity,
which may relate to a lack of targeting for those most in
need [45, 46]. Equally, nutritional supplementation in
those with severe illness can also have variable effects on
subsequent malnutrition [47] and morbidity [48] sup-
porting targeted intervention at primary health care
level. For such an approach to be successful there is a
need to build the capacity and knowledge of front line
health workers around nutrition [49], to strengthen
community structures and build better linkages between
primary care and community services [50].
Effective and accurate management of the primary

complaint at presentation is however paramount. This
study not only highlights the increased risk of severe ill-
ness with undernutrition, leading to our call for targeted
preventative measures in primary care, but also high-
lights again the lack of adherence to clinical guidelines
[51]. Over two-thirds of all children received antibiotics,
including one-third of children with common cold. In-
appropriate prescribing of drugs remains a global issue
in the era of antimicrobial resistance [51–53]. Interven-
tions aimed at both supply and demand side of prescrip-
tion medications are required to redress the overuse of
these medications, with the identification of local bar-
riers to change important [54].
We acknowledge that our study has a number of limi-

tations. While Kiang West has many similarities to other
rural sub-Saharan African settings, the provision of
high-quality free health services is unlikely to be one of
them, although health and medication provision is also
free in other government run health facilities in The
Gambia. Information on a number of key factors related
to nutritional status were also not available, including
exclusive breastfeeding in infants under 6 months of age.
Verbal autopsies were not available for the registered
deaths and the majority of children who died did not
present to the clinic prior to death, limiting our ability
to analyse the majority of child deaths. However, our
study highlights the need for approaches to reduce neo-
natal deaths and further examine the impact of improv-
ing access to care, especially in the neonatal period and
for those furthest from primary care sites. The PAF is
based on an assumption of causality between the expos-
ure and outcome, however we recognise that the interac-
tions between nutritional status and infectious disease
are not unidirectional, and that our results do not prove
causality. Further investigation is required in order to
unravel the sequence of events in complex nutrition-
infection interactions. [55]

Conclusion
The association between nutritional status and illness is
complex, yet we believe our findings provide a strong
case for further investment in improving child nutrition,
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especially in those at risk or suffering from wasting, as a
key strategy for preventing acute disease and promoting
child survival. While there are a number of efficacious
nutrition interventions, knowledge gaps remain, includ-
ing specific guidance on the treatment of moderate wast-
ing. Early identification of poor or worsening nutrition
status is an important factor for addressing malnutrition,
the role of technology in facilitating this is worthy of fur-
ther exploration. Operational research is also required to
strengthen the evidence of how to take proven interven-
tions to the scale required for maximum impact.

Additional file

Additional file 1: is attached in conjunction with this manuscript as a
word file (.doc). The additional file contains six sections as follows.
Section 1: Specific search terms used in the literature review. Section 2:
Detailed list of variables extracted from the Kiang West Demographic
Surveillance Systsem (DSS) and KEMReS databases Section 3: Explanation
of severity criteria and cut offs from Rees et al. (2016). Section 4: Clinic
outcomes, presenting complaints, diagnoses and prescriptions during
21,278 acute clinic visits by age groups. Section 5:Demographic
characteristics of children with missing anthropometric data compared
with children not missing data. Section 6: Anthropometric indicators
disaggregated by age (< 1 year vs over 1 year). (DOCX 33 kb)

Abbreviations
aOR: Adjusted Odds Ratio; DSS: Demographic Surveillance System;
HAZ: Height for age z-score; ICD: International Statistical Classification of
Diseases and Related Health Problems; IQR: Interquartile range;
KEMReS: Keneba Electronic Medical Records System; MRC: Medical Research
Council; OR: Odds ratio; PAF: Population attributable fraction;
PAWS: Paediatric Advanced Warning Score; WHZ: Weight for height z-score

Acknowledgements
The authors would like to thank the people of Kiang West, especially the
mothers, fathers and children, and the MRC Keneba clinic staff, without
whom this study would not have been possible.

Funding
Funding for the development and maintenance of the KEMReS and Kiang
West DSS databases came from the U.K. Medical Research Council. The
funding body had no role in the design and conduct of this study, nor the
collection, management, analysis, and interpretation of the data or the
preparation, review, or approval of the manuscript.

Availability of data and materials
The dataset supporting the conclusions in this article are available from the
corresponding author upon reasonable request.

Authors’ contributions
HM and SAU conceived the study idea, prepared the analysis plan, cleaned
the data set, conducted the data analysis and prepared the initial draft of
the manuscript. JH and SAU designed and developed the KEMReS database.
BS, MN and AF were responsible for managing the Kiang West demographic
surveillance system and KEMReS during the study period. BS extracted the
data for this study. JVB and AMP provided guidance on the data analysis and
critical review of the initial manuscript. All authors interpreted the findings
and provided critique of the final manuscript draft prior to submission. All
authors read and approved the manuscript prior to submission.

Authors’ information (optional)
Not applicable.

Ethics approval and consent to participate
The Joint Gambian Government/MRC Gambia Ethics Committee granted
approval for the collection and use of anonymised demographic surveillance
data in Kiang West in 1981. This approval was extended to the use of
routine clinical data collected at the MRC Keneba clinic from 2009 and
covered the period of data collection (2009–2014) used in this study.

Consent for publication
Not applicable.

Competing interests
The authors declare they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1MRC Unit The Gambia, Atlantic Boulevard, Fajara, P.O. Box 273, Banjul, The
Gambia. 2Division of Neonatology, Department of Paediatrics, and
Department of Obstetrics and Gynaecology, Erasmus MC – Sophia Children’s
Hospital, University Medical Centre Rotterdam, Rotterdam, The Netherlands.
3Department of Public Health, Erasmus MC, University Medical Centre
Rotterdam, Rotterdam, The Netherlands. 4Centre for Medical Informatics,
Usher Institute of Population Health Sciences and Informatics, The University
of Edinburgh, Edinburgh, UK. 5MRC International Nutrition Group, London
School of Hygiene & Tropical Medicine, Keppel Street, London WC1E 7HT,
UK. 6Department of Child Life and Health, University of Edinburgh, 20 Sylvan
Place, Edinburgh EH9 1UW, UK.

Received: 22 June 2018 Accepted: 8 May 2019

References
1. Pickles W. Epidemiology in country practice. Proc R Soc Med. 1935;28(10):

1337–42.
2. de Lusignan S. What is primary care informatics? J Am Med Inform Assoc.

2003;10(4):304–9. https://doi.org/10.1197/jamia.M1187.
3. Duke T, Yano E, Hutchinson A, Hwaihwanje I, Aipit J, Tovilu M, et al. Large-

scale data reporting of paediatric morbidity and mortality in developing
countries: it can be done. Arch Dis Child. 2016;101(4):392–7. https://doi.org/
10.1136/archdischild-2015-309353.

4. Sankoh O. CHESS: an innovative concept for a new generation of
population surveillance. Lancet Glob Health. 3(12):e742. https://doi.org/10.
1016/S2214-109X(15)00180-1.

5. Scott JAG, Bauni E, Moisi JC, Ojal J, Gatakaa H, Nyundo C, et al. Profile: the
Kilifi health and demographic surveillance system (KHDSS). Int J Epidemiol.
2012;41(3):650–7. https://doi.org/10.1093/ije/dys062.

6. World Health Organization. Electronic health records: manual for developing
countries. Geneva. p. WHO2006.

7. Horwood C, Butler LM, Vermaak K, Rollins N, Haskins L, Nkosi P, et al.
Disease profile of children under 5 years attending primary health care
clinics in a high HIV prevalence setting in South Africa. Tropical Med Int
Health. 2011;16(1):42–52. https://doi.org/10.1111/j.1365-3156.2010.02672.x.

8. Truter I. The Phelophepa health care train: a pharmacoepidemiological
overview of the Western cape in 2009. S Afr Fam Pract. 2010;52(5).

9. Hennig BJ, Unger SA, Dondeh BL, Hassan J, Hawkesworth S, Jarjou L, et al.
Cohort profile: the kiang west longitudinal population study (KWLPS)-a
platform for integrated research and health care provision in rural Gambia.
Int J Epidemiol. 2015. https://doi.org/10.1093/ije/dyv206.

10. World Health Organisation. Handbook IMCI: integrated management of
childhood illness. Geneva. p. WHO2005.

11. Rees CP, Hawkesworth S, Moore SE, Dondeh BL, Unger SA. Factors affecting
access to healthcare: an observational study of children under 5 years of
age presenting to a rural gambian primary healthcare Centre. PLoS One.
2016;11(6):e0157790. https://doi.org/10.1371/journal.pone.0157790.

12. Child growth standards: length/height-for-age, weight-for-age, weight-for-
length, weight-for-height and body mass index-for-age: methods and
development Geneva: World Health Organization. p. WHO2006.

13. Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M, Ezzati M, et al.
Maternal and child undernutrition: global and regional exposures and

Mark et al. BMC Public Health          (2019) 19:668 Page 8 of 10

https://doi.org/10.1186/s12889-019-6959-y
https://doi.org/10.1197/jamia.M1187
https://doi.org/10.1136/archdischild-2015-309353
https://doi.org/10.1136/archdischild-2015-309353
https://doi.org/10.1016/S2214-109X(15)00180-1
https://doi.org/10.1016/S2214-109X(15)00180-1
https://doi.org/10.1093/ije/dys062
https://doi.org/10.1111/j.1365-3156.2010.02672.x
https://doi.org/10.1093/ije/dyv206
https://doi.org/10.1371/journal.pone.0157790


health consequences. Lancet (London, England). 2008;371(9608):243–60.
https://doi.org/10.1016/s0140-6736(07)61690-0.

14. Isanaka S, Grais RF, Briend A, Checchi F. Estimates of the duration of
untreated acute malnutrition in children from Niger. Am J Epidemiol. 2011;
173(8):932–40. https://doi.org/10.1093/aje/kwq436.

15. Newson RB. Attributable and unattributable risks and fractions and other
scenario comparisons. Stata J. 2013;13(4):672–98.

16. Mash B, Fairall L, Adejayan O, Ikpefan O, Kumari J, Mathee S, et al. A
morbidity survey of south African primary care. PLoS One. 2012;7(3):e32358.
https://doi.org/10.1371/journal.pone.0032358.

17. Ostergaard MS, Nantanda R, Tumwine JK, Aabenhus R. Childhood asthma in
low income countries: an invisible killer? Prim Care Respir J. 2012;21(2):214–
9. https://doi.org/10.4104/pcrj.2012.00038.

18. World Health Organization. WHO recommended surveillance standards.
Geneva, Switzerland. p. WHO1999.

19. Caulfield LE, de Onis M, Blossner M, Black RE. Undernutrition as an
underlying cause of child deaths associated with diarrhea, pneumonia,
malaria, and measles. Am J Clin Nutr. 2004;80(1):193–8.

20. Olofin I, McDonald CM, Ezzati M, Flaxman S, Black RE, Fawzi WW, et al.
Associations of suboptimal growth with all-cause and cause-specific
mortality in children under five years: a pooled analysis of ten prospective
studies. PLoS One. 2013;8(5):e64636. https://doi.org/10.1371/journal.pone.
0064636.

21. Pelletier DL, Frongillo EA, Jr., Schroeder DG, Habicht JP. The effects of
malnutrition on child mortality in developing countries. Bull World Health
Organ 1995;73(4):443–448.

22. Collins S, Dent N, Binns P, Bahwere P, Sadler K, Hallam A. Management of
severe acute malnutrition in children. Lancet. 2006;368(9551):1992–2000.

23. WHO. Update on the management of severe acute malnutrition in infants
and children. Geneva: World Health Organisation2013.

24. Rogers E, Myatt M, Woodhead S, Guerrero S, Alvarez JL. Coverage of
community-based Management of Severe Acute Malnutrition Programmes
in twenty-one countries, 2012-2013. PLoS One. 2015;10(6):e0128666. https://
doi.org/10.1371/journal.pone.0128666.

25. Bahwere P, Akomo P, Mwale M, Murakami H, Banda C, Kathumba S, et al.
Soya, maize, and sorghum–based ready-to-use therapeutic food with amino
acid is as efficacious as the standard milk and peanut paste–based
formulation for the treatment of severe acute malnutrition in children: a
noninferiority individually randomized controlled efficacy clinical trial in
Malawi. Am J Clin Nutr. 2017;106(4):1100–12. https://doi.org/10.3945/ajcn.
117.156653.

26. James P, Sadler K, Wondafrash M, Argaw A, Luo H, Geleta B, et al. Children
with moderate acute malnutrition with no access to supplementary feeding
programmes experience high rates of deterioration and no improvement:
results from a prospective cohort study in rural Ethiopia. PLoS One. 2016;
11(4):e0153530. https://doi.org/10.1371/journal.pone.0153530.

27. Kennedy E, Branca F, Webb P, Bhutta Z, Brown R. Setting the scene: an
overview of issues related to policies and programs for moderate and
severe acute malnutrition. Food Nutr Bull. 2015;36(1 Suppl):S9–14.

28. Webb P. How strong is our evidence for effective management of wasting? A
review of systematic and other reviews. Food Nutr Bull. 2015;36(1 Suppl):S65–71.

29. WHO. Supplementary foods for the management of moderate acute
malnutrition in children aged 6–59 months. World Health Organisation,
Online. 2018. http://www.who.int/elena/titles/food_children_mam/en/.
Accessed 8.11. 2018.

30. Briend A, Prinzo ZW. Dietary management of moderate malnutrition: time
for a change. Food Nutr Bull. 2009;30(3 Suppl):S265–6. https://doi.org/10.
1177/15648265090303s301.

31. Bhutta ZA, Das JK, Rizvi A, Gaffey MF, Walker N, Horton S, et al. Evidence-
based interventions for improvement of maternal and child nutrition: what
can be done and at what cost? Lancet (London, England). 2013;382(9890):
452–77. https://doi.org/10.1016/s0140-6736(13)60996-4.

32. Graziose MM, Downs SM, O'Brien Q, Fanzo J. Systematic review of the
design, implementation and effectiveness of mass media and nutrition
education interventions for infant and young child feeding. Public Health
Nutr. 2018;21(2):273–87. https://doi.org/10.1017/s1368980017002786.

33. Samuel A, Brouwer ID, Feskens EJM, Adish A, Kebede A, De-Regil LM, et al.
Effectiveness of a program intervention with reduced-Iron multiple
micronutrient powders on Iron status, morbidity and growth in young
children in Ethiopia. Nutrients. 2018;10(10). https://doi.org/10.3390/
nu10101508.

34. Ruel MT, Alderman H. Nutrition-sensitive interventions and programmes:
how can they help to accelerate progress in improving maternal and child
nutrition? Lancet (London, England). 2013;382(9891):536–51. https://doi.org/
10.1016/s0140-6736(13)60843-0.

35. Nabwera HM, Fulford AJ, Moore SE, Prentice AM. Growth faltering in rural
Gambian children after four decades of interventions: a retrospective cohort
study. Lancet Glob Health. 2017;5(2):e208–e16. https://doi.org/10.1016/
s2214-109x(16)30355-2.

36. World Health Organization. Global database on child growth and
malnutrition. Online. 2016. Accessed 31.7 2016 .

37. Simoes EA, Peterson S, Gamatie Y, Kisanga FS, Mukasa G, Nsungwa-Sabiiti J,
et al. Management of severely ill children at first-level health facilities in
sub-Saharan Africa when referral is difficult. Bull World Health Organ. 2003;
81(7):522–31.

38. UNICEFState of the World's children: a fair chance for every child. New York,
USA. p. UNICEF2016.

39. Schwinger C, Fadnes LT, Van den Broeck J. Using growth velocity to predict
child mortality. Am J Clin Nutr. 2016;103(3):801–7. https://doi.org/10.3945/
ajcn.115.118679.

40. Prentice AM, Nabwera H, Unger S, Moore SE. Growth monitoring and the
prognosis of mortality in low-income settings. Am J Clin Nutr. 2016;103(3):
681–2. https://doi.org/10.3945/ajcn.115.130013.

41. Blackwell N, Myatt M, Allafort-Duverger T, Balogoun A, Ibrahim A, Briend A.
Mothers understand and can do it (MUAC): a comparison of mothers and
community health workers determining mid-upper arm circumference in
103 children aged from 6 months to 5 years. Archives of public health =
Archives belges de sante publique. 2015;73(1):26. https://doi.org/10.1186/
s13690-015-0074-z.

42. Hall CS, Fottrell E, Wilkinson S, Byass P. Assessing the impact of mHealth
interventions in low- and middle-income countries – what has been shown
to work? Glob Health Action. 2014;7(1):25606. https://doi.org/10.3402/gha.v7.
25606.

43. Pro R. Welcome. Rapid Pro, Online. 2018. https://rapidpro.github.io/
rapidpro/. Accessed 11.8. 2018.

44. Kerber KJ, de Graft-Johnson JE, Bhutta ZA, Okong P, Starrs A, Lawn JE.
Continuum of care for maternal, newborn, and child health: from slogan to
service delivery. Lancet (London, England). 2007;370(9595):1358–69. https://
doi.org/10.1016/s0140-6736(07)61578-5.

45. De-Regil LM, Suchdev PS, Vist GE, Walleser S, Pena-Rosas JP. Home
fortification of foods with multiple micronutrient powders for health and
nutrition in children under two years of age. Cochrane Database Syst Rev.
(2011, 9):Cd008959. https://doi.org/10.1002/14651858.CD008959.pub2.

46. Soofi S, Cousens S, Iqbal SP, Akhund T, Khan J, Ahmed I, et al. Effect of
provision of daily zinc and iron with several micronutrients on growth and
morbidity among young children in Pakistan: a cluster-randomised trial.
Lancet (London, England). 2013;382(9886):29–40. https://doi.org/10.1016/
s0140-6736(13)60437-7.

47. van der Kam S, Roll S, Swarthout T, Edyegu-Otelu G, Matsumoto A, Kasujja
FX, et al. Effect of short-term supplementation with ready-to-use
therapeutic food or micronutrients for children after illness for prevention of
malnutrition: a randomised controlled trial in Uganda. PLoS Med. 2016;13(2):
e1001951. https://doi.org/10.1371/journal.pmed.1001951.

48. Unger S, Drammeh S, Hassan J, Ceesay K, Sinjanka E, Beyai S, et al. Impact of
fortified versus unfortified lipid-based supplements on morbidity and
nutritional status: a randomised double-blind placebo-controlled trial in ill
Gambian children. PLOSMedicine. 2017. https://doi.org/10.1371/journal.
pmed.1002377.

49. Fanzo JC, Graziose MM, Kraemer K, Gillespie S, Johnston JL, de Pee S, et al.
Educating and training a workforce for nutrition in a post-2015 world. Adv
Nutr. 2015;6(6):639–47. https://doi.org/10.3945/an.115.010041.

50. Lassi ZS, Kumar R, Bhutta ZA. Community-based care to improve maternal,
newborn, and child health. Reproductive, maternal, newborn, and child
health; 2016. p. 263.

51. Risk R, Naismith H, Burnett A, Moore SE, Cham M, Unger S. Rational
prescribing in paediatrics in a resource-limited setting. Arch Dis Child. 2013;
98(7):503–9. https://doi.org/10.1136/archdischild-2012-302987.

52. Basu S, Chatterjee M, Chandra PK, Basu S. Antibiotic misuse in children by
the primary care physicians--an Indian experience. Niger J Clin Pract. 2008;
11(1):52–7.

53. Nsimba SE. Assessing the performance, practices and roles of drug sellers/
dispensers and mothers'/guardians' behaviour for common childhood

Mark et al. BMC Public Health          (2019) 19:668 Page 9 of 10

https://doi.org/10.1016/s0140-6736(07)61690-0
https://doi.org/10.1093/aje/kwq436
https://doi.org/10.1371/journal.pone.0032358
https://doi.org/10.4104/pcrj.2012.00038
https://doi.org/10.1371/journal.pone.0064636
https://doi.org/10.1371/journal.pone.0064636
https://doi.org/10.1371/journal.pone.0128666
https://doi.org/10.1371/journal.pone.0128666
https://doi.org/10.3945/ajcn.117.156653
https://doi.org/10.3945/ajcn.117.156653
https://doi.org/10.1371/journal.pone.0153530
http://www.who.int/elena/titles/food_children_mam/en/
https://doi.org/10.1177/15648265090303s301
https://doi.org/10.1177/15648265090303s301
https://doi.org/10.1016/s0140-6736(13)60996-4
https://doi.org/10.1017/s1368980017002786
https://doi.org/10.3390/nu10101508
https://doi.org/10.3390/nu10101508
https://doi.org/10.1016/s0140-6736(13)60843-0
https://doi.org/10.1016/s0140-6736(13)60843-0
https://doi.org/10.1016/s2214-109x(16)30355-2
https://doi.org/10.1016/s2214-109x(16)30355-2
https://doi.org/10.3945/ajcn.115.118679
https://doi.org/10.3945/ajcn.115.118679
https://doi.org/10.3945/ajcn.115.130013
https://doi.org/10.1186/s13690-015-0074-z
https://doi.org/10.1186/s13690-015-0074-z
https://doi.org/10.3402/gha.v7.25606
https://doi.org/10.3402/gha.v7.25606
https://rapidpro.github.io/rapidpro/
https://rapidpro.github.io/rapidpro/
https://doi.org/10.1016/s0140-6736(07)61578-5
https://doi.org/10.1016/s0140-6736(07)61578-5
https://doi.org/10.1002/14651858.CD008959.pub2
https://doi.org/10.1016/s0140-6736(13)60437-7
https://doi.org/10.1016/s0140-6736(13)60437-7
https://doi.org/10.1371/journal.pmed.1001951
https://doi.org/10.1371/journal.pmed.1002377
https://doi.org/10.1371/journal.pmed.1002377
https://doi.org/10.3945/an.115.010041
https://doi.org/10.1136/archdischild-2012-302987


conditions in Kibaha district, Tanzania. Trop Dr. 2007;37(4):197–201. https://
doi.org/10.1258/004947507782333099.

54. Arnold SR, Straus SE. Interventions to improve antibiotic prescribing
practices in ambulatory care. Cochrane Database Syst Rev. 2005(4):
Cd003539. doi:https://doi.org/10.1002/14651858.CD003539.pub2.

55. Brown KH. Diarrhea and malnutrition. J Nutr. 2003;133(1):328S–32S.

Mark et al. BMC Public Health          (2019) 19:668 Page 10 of 10

https://doi.org/10.1258/004947507782333099
https://doi.org/10.1258/004947507782333099
https://doi.org/10.1002/14651858.CD003539.pub2

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study site and database
	Data extraction, cleaning and variables
	Statistical analysis
	Ethics approval

	Results
	Discussion
	Conclusion
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Authors’ information (optional)
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

