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ABSTRACT

Background: Malnutrition is a serious public health issue in Africa. West Africa has
the highest prevalence of malnutrition. In Mali, access to care is a challenge in
remote areas. Thus, the mortality rate of severe acute malnutrition (SAM) is high.
The aim of this study was to access outcomes mainly time-to-recovery in children
with uncomplicated SAM treated in traditional health facilities compared to
community health workers (CHWs) management and identify its predictive factors.
Methods: A multicentre, randomised intervention study which followed up
prospectively two groups of children between February 2015 and February 2016 in
Kita. The intervention group was exposed to treatment delivered in traditional health
facilities or CHWs and the control group was exposed to the treatment delivered in
traditional health facilities only. Recovery time was determined using Kaplan Meier
curves and compared between strata (intervention group, age group and gender).
Cox proportional-hazard analysis was used to identify independent predictive
factors.

Results: Median recovery time of the entire cohort was 42 days (95 % CIl: 39-42).
There was no significant difference in median time-to-recovery between control
group and intervention group (p-value=0.124). After adjustment, independently
significant predictive factors of recovery time were weight (AHR = 1.767, 95% CI:
1.47-2.12) and height (AHR = 0.917, 95% CI: 0.89-0.95).

Conclusion: Recovery rate was higher than the minimal international standard.
Predictive factors of time to recovery were weight and length/height and treatment
group was not found significant factor. Thus, including management of
uncomplicated SAM would be a good alternative to improve access to care and
reduce mortality due to the disease.

Key words: uncomplicated severe acute malnutrition, community health workers,
time-to-recovery
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CHAPTER ONE:

1.0 INTRODUCTION

Malnutrition is a condition that results from eating a diet in which nutrients are either
not enough or are too much such that the diet causes health problems (1). There are
broadly two types of malnutrition: under nutrition and over nutrition. Under nutrition
includes stunting which means low height for age, wasting meaning low weight for
height, underweight which means low weight for age and micronutrient deficiencies
which implies lack of important vitamins and minerals (2). Over nutrition implies
overweight and obesity (2).

Commonly the term malnutrition refers to undernutrition. Undernutrition is a cause
of nearly half of all deaths in children under 5 meaning that around 3 million of these
children die every year (3). It puts children at greater risk of dying from common
infections, increases the frequency and severity of such infections, and has an
impact on their recovery. Undernutrition threatens the futures of more than hundred
million children by compromising the development of their brains which leads to
reduced performance in school and eventual poor economic productivity in the future
as an adult (3,4). Therefore, undernutrition does not just affect only the health and
well-being of individual children but also the strength of the whole society.

Globally, wasting or acute malnutrition (moderate and severe) affects nearly 52
million of children under 5 (3). Among these wasted children, 17 million are suffering
from severe acute malnutrition (SAM) (3). Seventy - five percent (75%) of all children
suffering from malnutrition live in lower- middle - income countries while only one

percent (1%) live in high income countries (3).
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Africa is one of the continents that bears the greatest number of malnutrition in the
world after Asia (3). The joint estimate of malnutrition by UNICEF, WHO and World
Bank Group reported that children affected by acute malnutrition in Sub-Saharan
Africa are 14.0 million of which 4.1 million are SAM (3). These statistics show that

malnutrition is a serious public health issue in Africa.

1.1 Problem statement

Western Africa has the highest prevalence of malnutrition in Africa (3) and Mali is
the second largest country in West Africa after Niger. According to Mali Demographic
and Health Survey V (DHS V), 13 % of children under 5 are suffering from
malnutrition of which 5 % have moderate acute malnutrition (MAM) and 8% have
SAM (5). Therefore, in Mali, SAM is a serious public health concern which needs to
be addressed properly.

SAM is a life-threatening condition. WHO estimates suggest that SAM contributes to
1 million child deaths per year worldwide. Thus, in Africa where the prevalence of
the disease is high and less than 10 per 10 000 population have access to hospital
beds, the impact of SAM in children mortality is high (6, 7, 8).

Until recently the WHO recommendation was to refer SAM to hospital to receive
therapeutic food together with medical care. However, due to the high mortality rate,
and the advent of ready to use therapeutic food (RUTF), there is a shift on the
management of this disease with the community management care model (9,10).
Nevertheless, studies showed recently that the low coverage of this community-
based therapeutic care model is still a big challenge (11). Despite the significant

success of this outpatient model in improving the availability of effective treatment
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for uncomplicated SAM cases, recently available evidence shows that on average
treatment services reach less than 40% of affected cases within their target area
(11). Therefore, there is a need to improve this traditional model of care to ameliorate

the survival of these children with uncomplicated SAM.

1.2Justification

In multiple contexts, studies have indicated that community health workers (CHWS)
can properly identify danger signs and managed correctly malaria, diarrhoea, and
pneumonia (12,13,14). Several studies conducted in Africa (Malawi and Ethiopia)
suggested that management of SAM using Integrated Community Case
Management (iCCM) method was not inferior to other methods of management of
SAM (15,16). It was also recently proved that CHWs can manage uncomplicated
SAM (17,18). However, the level of standard of care delivered by the CHWSs in the
management of SAM is still questionable especially their capacity to correctly identify
oedema (19).

In Mali’s rural areas, there were CHWSs network that is used to deliver iCCM package
called SEC (Soins Essentielles dans la communauté) from 2012. This strategy
proved to be effective in a context of limited access to care to reduce the gap in
access to care by the community especially children younger than 5 years
(20,21,22). The iCCM package includes timely and effective treatment of malaria,
pneumonia and diarrhoea (22). The CHWSs also provide screening, nutritional key
advices, and referring severe malnutrition cases to the health facility for treatment
(22). To provide access to care for a larger number of children in the population, the

Ministry of Health of Mali and Action Against Hunger examined the impact of
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incorporating the identification and early treatment of uncomplicated SAM in the
ICCM package delivered by CHW by conducting a large clinical prospective
multicentre cohort study between February 2015 and February 2016. From this
study, they showed that the quality of management of uncomplicated SAM by CHWs
was satisfactory at 79.5 % but their analysis did not evaluate recovery time from
SAM and associated factors in this context (17).

1.3 Research questions

Is there any difference in the recovery time between children with uncomplicated
SAM treated by health facility based staffs (HFBS) and those treated in a model of
care which combined CHWs and HFBS?
1.4 Hypothesis
There is no difference in median time of recovery from uncomplicated SAM between
children treated by HFBS and those treated in a model of care which combined
CHWSs and HFBS?
1.5 Objectives
1.5.1 Overall objective
To assess time-to-recovery in children with uncomplicated SAM treated in rural area
in Mali.
1.5.2 Specific objectives
1. To calculate the median time of recovery of children with uncomplicated SAM
treated by health facility based staffs (HFBS) and those treated in a model of
care which combined CHWs and HFBS.
2. To determine factors associated with time-to-recovery of children with

uncomplicated SAM.
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CHAPTER TWO:

2.0 LITERATURE REVIEW

Several studies have been conducted in Sub-Saharan Africa to assess the outcome
of children with uncomplicated SAM treated in outpatient health facilities
(23,24,25,26). Most of these reported the outcome as proportion of recovery, death
and defaulters (23,24). However, very few studies considered time-to-recovery of
these children and applied survival analysis methods in analysing their data (25,26).
No literature was available on time to recovery and predictive factors in children with
uncomplicated SAM treated by CHWS .

A retrospective cohort study was conducted in Southern Ethiopia within outpatient
therapeutic care (OTC) and revealed a recovery rate at 64.9% with 95% CI (61, 68)
and a length of stay at 6.8 weeks. A multivariable logistic regression was used to
determine factors affecting treatment outcomes. These factors were distance from
OTC, use of amoxicillin and type of malnutrition (23).

In another study conducted in Northern Ghana, 348 cases of SAM in outpatient care
were enrolled the recovery proportion obtained was 33.6 % and the length of stay
was 7.0 = 5.4 days. A logistic regression was used to determine factors associated
with recovery rate. These factors were adherence to treatment, age between 24 and
59 months and weight gain more than 20 % (24).

A retrospective study was conducted in Northern Ethiopia within OTC to assess
outcomes and determinants of SAM. Recovery rate was estimated at 83.95% and

the length of stay was 6.24 days for uncomplicated SAM. Survival analysis
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techniques including Kaplan-Meier curves, log rank test and Cox model were applied
to determine predictive factors of treatment outcome. Factors significantly and
positively associated with recovery rate were use of amoxicillin, de-worming and
Plumpy’Nut. The presence of diarrhea, vomiting, negative test of appetite with
Plumpy’Nut and impossibility to gain weight in 3 weeks of treatment were found to
have a negative association with recovery rate (25).

Another study conducted in Southern Ethiopia conducted within OTC also treatment
outcome and factors affecting time to recovery in children with SAM treated at
outpatient therapeutic care program. Kaplan-Meier was used to estimate the time to
recovery and Cox model to determine factors affecting time to recovery. Median
times of recovery of 35 days and 49 days were reported for children with kwashiorkor
and marasmus respectively. Results indicated that age, marasmus and weight gain
are significant factors which could affect time to recovery of children with SAM
treated in OTC (26).

All these literatures did not assess the time-to-recovery of children with

uncomplicated SAM treated by CHWSs and factors affecting it.
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CHAPTER THREE:

3.0 MATERIALS AND METHODS

3.1 Data source

This was a secondary data from a study entitled "Integrating SAM treatment into the
ICCM package currently delivered by CHWSs in Mali: a clinical cohort study with
intervention" conducted by Action Against Hunger (Action Contre la Faim - ACF in

French) and Ministry of Health (MOH) of Mali.

3.2 Study design and setting

It was a multicentre, randomised clinical cohort trial which prospectively followed up
two groups of children between February 2015 and February 2016 in Kita. The
intervention group was exposed to treatment delivered by CHWSs and the control

group was exposed to the treatment delivered in traditional health facilities.

3.3 Study population

All children under 5 years living in the study site who met the inclusion criteria.

3.3.1 Inclusion criteria

e Children between 6 and 59 months living in Kita were included.

e Children diagnosis with uncomplicated SAM with one of the criteria below:

o Mid Upper Arm Circumference (MUAC) <115 mm

o Bilateral oedema
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o Weight/Height < -3 Z - Score
o The capacity of the parents or the guard to give consent.

3.3.2 Exclusion criteria

Children living outside of Kita were not included.

3.4Variables

3.4.1 Theresponse variable

The dependent variable or the response is the time to recovery of the child
(recovered: 1, censored: 0). Censored observations are units for which the event of
interest has not yet occurred at the time data are analyzed.

3.4.2 The explanatory variables

The explanatory variables or predictors which are called covariates, are those
variables whose affect the time to recovery we would like to assess. For these
children, the covariates we assumed to affecting time to recovery are age, gender,

group of intervention, length/height, weight, MUAC on admission.

3.5 Sample size calculation

Assumptions made in the calculation included are type 1 error of 5%, power of 90%,
median survival time of 30 days (4 weeks) for exposed and 37 days for non-exposed
considering SPHERE standard (27).

The following formula was applied (28):

n = (zq + 25)*[Qug +Ouc 1/(ug' — uc')? (1)

T T T .
d)ui =E/[:—1+6Xp(—:)],L=E,C (2)
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Zq/2 =1.96 at 95 % confidence interval (Cl)

Power =1- g = 90 %, Zg= 1.28

E= Median time-to-recovery (survival time) in exposed group. We estimate 37 days
(5 weeks) for exposed groups adding 1 week to the standard median time (27).

C= Median time-to-recovery (survival time) in non-exposed group. 30 days for
control group which is the standard median time to recovery for children with
uncomplicated SAM (27).

T= Total period of inclusion (365 days)

The minimal sample size n in each group was 58, adding 10 % for defaulters, then
the sample size was 64 subjects in each group.

The minimal total sample size required for the two groups was 128 subjects.

3.6 Sampling

Considering the geographical accessibility of the area, the population of children
under 5, the competences of staff in charge of SAM in that area, the average income
of the population, the stability of the population and the functionality of the
communities’ programs in that area, two groups of counties were preselected.
A good access to the road of certain villages, the quality of care available was
considered for the selection of villages included in the study. Then two groups of
primary health care (PHC) area with health facilities assumed to be comparable
based on the above criteria was constituted. These were:

¢ Kita east group: Sebecoro, Kassaro, Guenikoro, Dafela

e Kita west group: Kobiri, Tambaga, Bougaribaya

Children were selected randomly from each group of PHC area for the follow up.
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3.7 Data collection and management

Data collection was done using standardized questionnaires and tools:

e Questionnaire for the pilot study, the Semi Quantitative Evaluation of Access

and Coverage (SQUEAC) study and self-administrated questionnaire of CHW

¢ Timetable journal of CHW for the estimation of time of follow up of CHW

e Check-list of case management for the quality of care

e Form of cases follow up at the entry and the exit from the nutritional program.
The data was collected by trained field workers. To ensure that each county of Kita's
region participate in the study, a CHWs network was establish in the region. The
training of these CHWs on the implementation of the iCCM included the
management of SAM was done before the study.
Data were double-entered and verified using Microsoft Access database 2007
(Microsoft Inc., Redmond Washington), data entry errors were corrected, and data
validated against the paper questionnaires to check for consistency and

completeness.

3.8 Statistical Method used

The study focused on time to event (time-to-recovery), so the appropriate method of
this study was survival analysis.

Kaplan Meier and Cox proportional hazard model were used for analysis and for
model building.

3.8.1 Kaplan Meier estimator

Kaplan Meier estimator was used to study survival pattern and we used Log rank

test to compare survival functions.
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The survival pattern was presented as a Kaplan Meier plot which is a step function.
It gives some indications about the shape of the survival distribution. In general, the
figure shows different survivorship function depending on the number of groups
compared and if one lies above another, its means that the group defined by the
upper curve lived longer or have better survival experience (time-to-recovery) than
the group define by the lower curve.

3.8.2 Cox Proportional Hazards Model

For the multivariate analysis, we used Cox proportional hazard (PH) model to identify

predictive factors of time-to-recovery. It was given by:

A(t|z) = A0eZ" P (3)

Where Z = (Zy,..,Z,) and B =( i, Bp)

Z is a p x1 vector of covariate such as age, gender, weight, length/height, and other
prognostic factors and 3 is p x 1 regression coefficient.

A(t|2) is the expected hazard at time t, Ao is the baseline hazard and represent the
hazard when all the predictors 74, ..., Z,, are equal to zero.

Partial likelihood functions were used to estimate the parameter and partial likelihood
ratio test was used to assess the significance of the coefficients.

The overall model goodness of fit was assessed with Likelihood ratio test.

3.9 Data Analysis
All analysis was done using R statistical software (29).
In the first part of our analysis, we did an exploratory data analysis to have good

insight in our database and check for any inconsistency and outliers. Every
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inconsistency, erroneous and outliers were managed, and the database was
updated.

Categorical variables were generated as frequencies or percentages with their
interquartile intervals and continuous variables as mean with their standard
deviations. Graphs such as pie charts and/or tables were presented for percentage
and frequencies and histogram and/or box plots and/or graphs for the means.
Kaplan Meier graphs were constructed to estimate time-to recovery in each group of
children. These median times were compared using a log rank test.

Multivariate analysis was done using the standard Cox-model. Recovery was
defined as a child with MUAC > 125 mm or with 15 % of weight gain (target weight)
for two consecutive visits. Defaulters, death and transfer to impatient management

was censored.

3.10 Ethical consideration

The study was approved by the National Institute of Public Health Research called
in french Institut National de Recherche en Santé Publiqgue (INRSP) - Ethics and
Research Committee (03/2015/CE-INRSP). Informed written consent was obtained
from all parents of children included in the study. When they were not able to read,
the benefits and the risks of the study before being included in the study was

translated and explained to them in their local language.
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CHAPTER FOUR:
4.0 RESULTS

4.1 Characteristics of the sample

Out of 934 children followed up, 537 (57.50 %) were females and 397 (42.50 %)
were males. The mean age (SD) was 14.45 (£ 8.18) months. Two hundred and thirty-
five (25.16 %) children were in the control group (exposed to treatment delivered by
health facility based staff) and 699 (74.84 %) were in the intervention group (exposed
to treatment delivered CHWSs and health facility based staff). Control and intervention
groups were not statistically different in age (p-value = 0.187), and gender (p-value
=0.128) (Table 1).

Table 1 Characteristics of children with uncomplicated SAM treated in rural area,

Mali (N=934)
Characteristic Control Intervention Total (N=934) Fisher
(n=235) (n=699) Number (%)  P-value
Number (%) Number (%)
Gender
Female 125 (13.4) 412 (44.1) 537 (57.5)  0.128
Male 110 (11.8) 287 (30.7) 397 (42.5)
Age group (months)
[6,24] 219 (23.5) 628 (67.2) 847 (90.7)  0.187
(24,36] 15 (1.6) 58 (6.2) 73 (7.8)
(36,59] 1 (0.1) 13 (1.4) 3 (1.5)
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4.2 Anthropometric characteristic of children with uncomplicated SAM

The admission mean weight (SD) for control group was 6.48 (x1.18) kg and for
intervention group 6.50 (£1.25) kg was not statistically different (p-value = 0.835).
Also, admission mean length/height (SD) for control group 71.16 (x 5.96) cm and for
intervention group 71.16 (x6.77) cm was not statistically different (p-value = 0.992).
Children in the control group and intervention group were statistically different in mid
upper arm circumferences (MUAC) (p-value = 0.003); with admission mean (SD)
113.71 (= 7.16) cm for control group and 115.29 (+ 7.14) cm for intervention group
(Table 2).

Table 2 Admission anthropometric measurements of children with uncomplicated

SAM, Mali (N= 934)

Anthropometric Control Intervention  Total T-test P-
measurements (n=235) (n=699) (N=934) value value

(Mean (SD))

Weight (kg) 6.48 (1.18) 6.50(1.25)  6.50(1.24) -0.208 0.835
Length/Height(cm) 71.16(5.96) 71.16 (6.77)  71.16 (6.57) -0.009 0.992

MUAC (cm) 113.71(7.16) 115.29 (7.14) 114.90(7.17) -2.941 0.003

4.3 Treatment outcome of children with uncomplicated SAM
Out of the 934 children treated, 768 (82.23 %) recovered, 7 (0.75 %) died, 51 (5.46
%) defaulted, 3 (0.32 %) non-respondent, 80 (8.56 %) transferred to inpatient center

(IPC) and 20 (2.13%) transferred to other OPC.
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After censoring deaths, defaulters, transfers and non-respondents, 768 (82.23 %)

recovered and 166 (17.77 %) were censored (figure 1)

group

. Censored
. Recovered

Figure 1 Treatment outcomes of children with uncomplicated SAM in Mali’s rural

area, N=934

4.4 Recovery time of children with uncomplicated SAM

Using Kaplan Meier estimator, the median recovery time of the entire cohort was 42
days (95 % CI: 39-42) (Figure 2).

The entire cohort was stratified by group (control and intervention), gender, and age
groups. The log rank test was used to compare median survival time. The analysis
showed that there was no significant difference in median time recovery between
control group and intervention group (p-value=0.124) (Figure 3). Time-to-recovery
was also not significantly different for age groups (p-value=0.232) (Figure 4) but was

significantly different for gender (p-value=0.017) (Table 3) (Figure 5).
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Table 3 Recovery time of uncomplicated SAM children by intervention group, age

group and gender, Mali

Characteristic Number (%) Median recovery Log rank P-
time value

Estimate 95%CI

Groups

Intervention 581 (75.65) 42 35 42 -1.54 0.123
Control 187 (24.35) 42 39 42

Gender

Female 440 (57.29) 42 40 42 2.40 0.015
Male 328 (42.71) 39 35 42

Age group (months)
[6,24] 707(92.06) 42 40 42 2.89 0.230
(24,36] 48(6.25) 35 35 42

(36,59] 13(1.70) 29 27 50
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Figure 2 Survival graph for overall recovery time of the entire cohort of children with

uncomplicated SAM, median survival time =42 days
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4.5 Regression using Cox Model

A Cox regression model was fitted with recovery time as outcome of interest and
predictive variables were age, gender, weight, length/height, intervention group,
MUAC.

After adjustment, independently significant predictive factors of time-to-recovery
were weight and length/height on admission (Table 4). For every one kilogram (1 kg)
of increase in weight, recovery rate increased by 76.7 % (AHR = 1.767, 95% CI:
1.47-2.12). Inversely, recovery rate decreased by 8.29 % (AHR = 0.917, 95% CI:
0.89-0.95) for every one cm of increased in length/height. The effect of group of
intervention, gender, age and MUAC on the recovery rate were not statistically
significant.

The overall model was highly significant (p<0.0001) (Table 4).
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Table 4 Predictive factors of time-to-recovery in children with uncomplicated SAM,

Mali

Characteristic Number (%) Adjusted HR P-value
Estimate 95%ClI

Groups

Intervention 581 (75.65) 1

Control 187 (24.35) 0.85 0.72 1.01 0.060

Gender

Male 440 (57.29) 1

Female 328 (42.71) 1.12 0.97 1.29 0.126

Age (months) 768(100) 1.01 1.00 1.02 0.076

Weight (kg) 768(100) 1.76 1.47 2.12 <0.0001

Length/Height(cm)  768(100) 0.92 0.89 0.95 <0.0001

MUAC (cm) 768(100) 0.99 0.98 1.01 0.441

Likelihood ratio test= 59.4 on 6 df, p<0.0001
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CHAPTER FIVE:

5.0 DISCUSSION

The results of this study inform about treatment outcome especially time to recovery
of children with uncomplicated SAM treated in rural area in Mali by CHWs and in
traditional health facility and factors affecting time to recovery.

The mean age of children with uncomplicated SAM was 14.45 months. Majority of
children treated by CHWSs and in health facility based staff were between 6-24
months.

This study revealed that recovery time of children with uncomplicated SAM treated
by CHWs and health facility based staff and treated by health facility based staff was
not statistically different. Recovery rate of children with uncomplicated SAM treated
by CHW and health facility based staff was above the acceptable minimum standard
of recovery rate 82.2 % > 75 % (27). Kabalo, M. Y. and C. N. Seifu conducted a
cohort study in an African’s outpatient management of SAM and found a recovery
rate of 64.9% which is lower than our recovery rate (23). The length of stay of
children in the same study was 6.8 weeks when our time to recovery was around 6
weeks even when children were treated by CHWSs. These results were consistent
with Yebyo, H. G., et al who found almost the same result in traditional OTP in a
developing country (25).

This study showed that weight and length/Height were significantly affecting time to
recovery of children with uncomplicated SAM. Our findings are similar to Melkamu
Merid Mengesha et al. results who conducted a cohort study in OTC and used
Kaplan-Meier to estimate the time to recovery and Cox models to determine

predictors (26).
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Thus, this study revealed that this model of care where CHWSs treat uncomplicated

SAM was not inferior to the traditional model of care of uncomplicated SAM.

STRENGTHS AND LIMITATIONS

This study is novel and original as there are very few publications about this topic.
Most of the studies close to this one, were retrospective. This is a prospective study
which controlled for bias and errors. We also had a very large sample size. The
minimal sample size required for this analysis was 128 cases but a total of 934
participated in the study.

The fact that our study was interventional, we combined the CHWs with health facility
based staff in the intervention for ethical issue because we were not 100 % sure of
the capacity of the CHWs in management uncomplicated SAM at the time. This could

be raised as a limitation.
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CONCLUSION

This study showed that overall recovery rate and recovery time was above the
minimum international standards. Children treated by CHWSs and in traditional health
facility did not have statistically different recovery rate or time to recovery.
Statistically significant predictive factors were weight and length/height. The group
of treatment was not significantly associated with the outcome. Therefore, we could
Improve access to care for children and reduced the death rate due to malnutrition

in Africa by allowing CHWs to manage uncomplicated SAM.

RECOMMANDATIONS

The key finding of this study is that the model of care in which CHWs manage
uncomplicated SAM was not inferior to the traditional model of care of uncomplicated
SAM.

Therefore, heath systems in developing countries should include in the integrated
community management package, the management of uncomplicated SAM.

Community health workers should be trained for that purpose.
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