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Abstract
Lost from follow-up, after starting moderate acute malnutrition (MAM) is an ongoing challenge of public health until the admitted children reached the
standard weight of a reference child. Thus, the present study aimed to assess the rate and estimated time to attrition after under-five children started treat-
ment for MAM in the Gubalafto district. A facility-based retrospective cohort study was employed among 487 participant children who had been managed
targeted therapeutic feeding from 1 June 2018 to 1 May 2021. The overall mean (±SD) age of the participants’ children was 22⋅1 (±12⋅6) months. At the end
of the study period, 55 (11⋅46 %) under-five children developed attrition from the treatment after starting ready use of therapeutic feeding. After checking
all assumptions, a multivariable Cox regression model was used to claim independent predictors for time to attritions. The median time of attrition after
starting treatment of MAM was 13 (IQR ±9) weeks, with the overall incidence of attrition rate reported at 6⋅75 children Per Week (95 % CI 5⋅56, 9⋅6). In
the final model of multivariable Cox regression, the hazard of attrition was significantly higher for children from rural residence (AHR 1⋅61; 95 % CI 1⋅18,
2⋅18; P= 0⋅001), and caregivers with their dyads did not get nutritional counselling at baseline (AHR 2⋅78; 95 % CI 1⋅34, 5⋅78; P= 0⋅001). The findings of
the present study showed that nearly one in every eleven under-five children was attrition (lost to follow-up) in a median time of 13 (IQR ±9) weeks. We
strongly recommended for caregivers provisions of diversification of daily nutrition supplementation of their dyads.
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Introduction

Community-Based Management of Acute Malnutrition
(CMAM) is a decentralised community-based approach to
treating acute malnutrition and is defined as WHZ/WLZ
≥−2 and <−3 or MUAC ≥11⋅5 cm and <12⋅5 cm(1). Acute
malnutrition is directly or indirectly responsible for 60 % of
the 10⋅9 million deaths ofunder-five children, and two-thirds
of this death occurred in the first year of their life(2–4).

When a child has developed moderate acute malnutrition
(MAM), it has often suffered from lifelong repercussions
through ought its perpetuation(5,6). Accordingly, a pooled ana-
lysis of ten longitudinal studies from Asia, Africa and South
America found that children with MAM had threefold
increased mortality rates as compared with no MAM(1).
Globally, in 2018, one in twelve of the estimated 52 million

children under five had acute malnutrition, and 2⋅9 million of
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these children were admitted for ready-to-use therapeutic
feeding (RUTF)(7). This might be due to loss to follow-up
or attrition of caregivers from the centre after starting the
treatment(8). Whereas attrition is the interruption or defaulting
before reaching the target weight for at least two consecutive
weeks and it is a composite term of defaulted and self-
discharged cases(3,9,10).
According to international Sphere standards, there are four

main existing criteria for MAM treatment, i.e. cured, attrition,
transfer out and death(5,11). However, about 20–36 % reported
self-discharged from the treatment centre after starting target
supplementary feeding (TSF)(7,12) caused 1⋅4–10⋅9 % transi-
tion relapse of complicated SAM(13–15). Despite the govern-
ment of Ethiopia has been working on increasing the
recovery rate of under-five children from MAM, the mortality
rate has still been in the unacceptable range after starting
RUTF(12) and as high as 14 %(13,16). Moreover, a remarkable
variation is observed in attrition rates ranging as high as
1⋅67 %(17) to 25⋅2 %(18). This might be associated with the
increased intention of self-discharging at thetime of caregiver
from the treatment centre before reaching the reference weight
of the child with or without treatment progression(8,19).
Factors like transportation fees and the continual cost of

accessory drugs shared the major responsibility self-discharged
after treatment was initiated(20). Previous study findings also
suggested that factors including the number of families and
distance of the treatment centre were the primary causes for
interruptions of the treatment(18,21). It may also be associated
with healthcare providers’ negative attitudes towards long wait-
ing times and lack of social support(3,9,22). In Ethiopia, there is
limited information regarding the predictors of attrition rate
from the treatment centre. The present work aimed to assess
the rate, risk factors and estimated time to develop attrition
after under-five children started MAM treatment in
Gubalafto, North East Ethiopia.

Methods

Study areas and settings

The study was conducted in Gubalafto Woreda (Administrative
set) from 1 June 2018 to 1 May 2021 in the North Wollo Zone,
Amhara Region, North East Ethiopia. This woreda is located
521 km away from Addis Ababa, the capital city of Ethiopia,
and has an estimated population of 176 492 distributed within
thirty-four villages. Furthermore, this Gubalafto Woreda in
the North Wollo Zone has thirty-four health posts for the treat-
ment of MAM(16).

Study design

The facility-based retrospective cohort study was employed
from 1 June 2018 to 1 May 2021.

Source and study population

All under-five children started treatment for MAM in the
health post of Gubalafto district in the North Wollo Zone
were the source population for this study.

Study population

Randomly selected files of under-five children (aged 6–59
months) within eight health posts that started MAM treatment
from 1 June 2018 to 1 May 2021.

Sample size determination

The sample size was calculated based on the formula for dou-
ble population proportions using open EPI-Info version 2.3.1.
The formula considers the following parameters, levels of sig-
nificant 5 %, power of the study of 80 % and risk ratio of 1⋅4,
and the outcome of the unexposed group taking 27⋅1 %
from(6). The total sample size to detect the factors lost to
follow-up (attrition rate) after starting MAM care in the stabi-
lising centre was 424 (including 15 % adjustment for incom-
plete recorded). The final sample size was determined to be
482. The total under-five files found within randomly selected
eight health posts (eight out of total thirteen health posts in
Gubalafto) was found to be 487. Since the file (N 487) is
small and manageable in resources, we included the samples
without sampling procedures.

Dependent variables

The outcome variable for this research was attrition or loss
from follow-up after MAM treatment started and coded as
(Yes/No).

Independent variables

• Socio-demographic (age and sex);
• Type of malnutrition (Marasmus, Kwashiorkor and Marasmic
Kwashiorkor);

• Medical comorbidities (TB, HIV, pneumonia, fever, diarrhoea,
immunisation, Measles vaccine, vitamin A, routine medications);

• Admission category (new and re-admission).

Operational words

Attrition (lost from follow-up/defaulting). Where a child
who was not seen for at least two consecutive weeks after
being started RUTF with or without treatment progression
and confirmed by a home visit for the outpatient
component of the programme called defaulter/lost from
follow-up/attrition(16).

Cured. A patient that has reached WHZ > 85 % or a targeted
discharge weight(16).

Non-responder. Patients that did not reach the discharge
criteria after 2 months in the oral therapeutic programme
(OTP)(10).

Medical transfer. A patient that was referred to a health
facility/hospital for medical reasons and this health facility
will not continue the nutritional treatment(10).
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Transfer out. A discharge with an outcome and the patient
that has started the nutritional treatment in OTP and is
referred to another site to continue the treatment(16).

Data collection instruments and quality control

Standard and pretested data extraction tools were used to
extract the required information from individual charts. The
data collectors and supervisors were trained for 2 d on the
techniques of data collection for the important purposes of
the study before the start of data collection. An assigned super-
visor strictly followed and oversaw the completeness of the
collected data and feedback was given daily. To assure the
quality of the data, the investigators closely supervised the
data collection procedure daily. The pretest was conducted in
the Gonder Ber Health Center (which is not a study area)
using 5 % of the total sample size which is not included in
the actual sampling.

Data processing and analysis

Before data were analysed, the WHO Anthro-Plus-Version
1.04 and ENA for Nutrition Smart Software were used to gen-
erate the Z-score (WAZ, HAZ and WHZ/BAZ) to define the
nutritional status of HIV-positive children. The incidence rate
is calculated using the total number of people per year (PPY)
individual contribution to follow-up as a denominator. The
Kaplan-Meier plot estimates the median MAM-free survival
time. Descriptive non-parametric statistical tests such as the
Kaplan-Meier plot were used to estimate the median
SAM-free survival time.
Where

SKM = pt(i)≤t pi

SKM(t ) = 1 if t , t (1)

The final analysis was computed using the Cox proportional
hazard regression model after checking all the above assump-
tions and covariates having <0⋅2 P-values in the bivariable
analysis were fitted to the Cox proportional multivariable
model. Finally, statistical significance was declared at a
P-value of <0⋅05. Our multivariable Cox proportional hazard
regression was written during a consecutive follow upon an
individual under observation experiencing the event in a per-
iod centred on that point in time. The equation of the Cox
model has expressed as follows:

I. H(t) = h0(t) × exp(b1X1 + b2X2 + . . . bpXp).
II. Where the hazard function h(t) depends on several P cov-

ariates (X1, X2,. . . Xp).
III. Whose impact is measured by the size of the respective

coefficients (b1, b2, . . . , bp).

The term h0 is called the baseline hazard (constant HR) and is
the value of the hazard if all Xi are equal to zero (the number
exp(0) equals 1). That is, h(t) reminds us that the hazard may
(and probably will) vary over time in the event of attrition.

An appealing feature of the final Cox model is that the base-
line hazard function is estimated as the normal distribution or
non-parametric (constant over time), and so unlike most other
statistical models, the survival times are not assumed to follow
a particular statistical distribution. Finally, Cox – the propor-
tional hazard assumption – was checked through three pillar
principals, with the two graphical assumptions (log–log plot
graph observations and observed versus expected graph sym-
metrical assumption) and statically assumptions (global
goodness-of-fit test). Finally, Nelson alone and Cox Snell
residual tests were used for checking the final model adequacy.

Result

Socio-demographic characteristics of children

After excluding seven (1⋅6 %) files of individual charts due to
incompleteness, we reviewed 480(98⋅4 %) charts of under-five
children from 1 June 2018 to 1 May 2021. More than half, 242
(50⋅5 %) of the children enrolled in the study were male in
gender. The overall mean (±SD) of the age of the participants’
cases was 22⋅1 (±12⋅6) months, with the majority 321(67 %)
of them finding 6–24 months age group. Nearly three in a
fourth of 311(65 %) caregivers in their dyads were from
rural inhabitants, and the majority 310(64⋅5 %) of them
≤15 km far from the treatment centre. Moreover, the largest
proportion of caregivers 354 (73⋅7) is married as shown in
Table 1.

Baseline clinical and nutritional characteristics

The majority of 359(74⋅8 %) participant children did not have
a comorbidity, however, 25 % of 121(25⋅2 %) of them had dif-
ferent comorbidities. Diarrhoea 10⋅8 % (N 52), pneumonia

Table 1. Baseline socio-demographic characteristics of children with

MAM cases admitted to selected health posts in Gubalafto district from

June 2018 to 2021

Variables Categories Frequency

Percentage

(%)

Age of children 6–24 months 321 67

25–48 months 137 28⋅5
49–59 months 22 4⋅5

Sex of children Female 238 49⋅5
Male 242 50⋅5

Caregivers age 15–20 49 10⋅2
21–39 373 77⋅7
≥40 58 12⋅1

Marital status Single 95 19⋅8
Married 354 73⋅7
Divorced/

widowed

31 6⋅4

Residency Rural 311 64⋅5
Urban 169 34⋅5

Number of family in the

house

≤3 42 8⋅7
4–6 287 59⋅8
≥7 171 31⋅5

Distance from home to HP <15 km 310 65⋅2
≥15 km 170 34⋅8

Family income (Birr) <2000 65 13⋅5
≥2000 415 86⋅5
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8⋅7 % (N 42) and HIV 3⋅3 % (N 16) were some of the man-
ifested comorbidities. The largest proportion of 415(86⋅5 %)
under-five children was identified as newly admitted children.
Of the total 400 participants, 377(78⋅5 %), 141(29⋅4 %) and
140(29⋅1 %) cases were fully vaccinated for measles, had vita-
min A supplemented and 141(29⋅4 %) dewormed after start-
ing the treatment, respectively. The median weight during
admission found for marasmic, marasmic kwashi and oedema-
tous cases was 6⋅5 kg (IQR ±3⋅3 kg), 8⋅9 kg (IQR ±5⋅7 kg)
and 9⋅97 kg (IQR ±3⋅45 kg), respectively as shown in Table 2.

Treatment outcome and time to attrition

The 3-year retrospective cohort study of 480 cases yielded
5961 persons per day of risk observation. At the end of the
study period, 391(81⋅46) children were cured, while the
remaining 55(11⋅46 %) attrited from treatment, 18(3⋅75 %)
died, 9(1⋅88 %) non-responded to treatment and 7(1⋅46 %)
medically transferred to other health institutions. Of the
total 55(11⋅46 %) defaulted (attrition) cases, the majority 45
(66⋅8 %) were lost to follow-up after 6 weeks. The median
time to develop attrition was found to be 13 (IQR ±9)
weeks. The overall incidence density rate of attrition was
found to be 6⋅75 people per week (95 % CI 5⋅56, 9⋅6) with
the survival rate of participant children at the end of follow-up
found to be 81⋅4 % (95 % CI 76⋅5, 85⋅4).

Kaplan-Meier hazard curve and survival difference

There was a significant survival difference in the time of recov-
ery from MAM for cases from rural residency with caregivers
having feeding counselling during follow-up at baseline when
tested by the log-rank test at P < 0⋅05 as shown in the figures.
Accordingly, there was a significant survival difference in the
attrition rate of RUTF starting cases in rural and urban dwell-
ers. Where about being rural, cases were early defaulted

(attrition) from the treatment centre as compared with urban
cases, evidenced by the log-rank test (χ2; df(1) = 9⋅7, P =
0⋅03) (Fig. 1).
Moreover, there was a significant survival difference for

caregivers on the attrition rate of RUTF starting cases in
rural and urban dwellers. Moreover, there was a significant
survival difference of attrition among caregivers who did not
get child feeding counselling at base, linearly attrite as evi-
denced by the log-rank test (χ2; df(2) = 31⋅4, P = 0⋅001)
(Fig. 2).

Bivariable and multivariable Cox regression analysis for
predictors

During bivariable Cox regression analysis, variables were
checked whether they were associated with the incidence of
attrition rate at P-value <0⋅25 for a candidate selection of mul-
tivariable Cox regression. There were fourteen categorical vari-
ables transferred for multivariable Cox regression.
After adjusting certain confounding, nine variables were fit-

ted to build the final model. Only two variables were found
independent predictors for the attrition rate of children from
the OTP centre. These are when caregivers did not get feeding
counselling for children at baseline (AHR 2⋅78; CI 1⋅34, 5⋅78;
P= 0⋅001) and were caregivers in rural residences (AHR 1⋅61;
CI 1⋅18, 2⋅18; P = 0⋅001) were significant predictors for attri-
tion rate.

Overall, the model adequacy test

For the overall final multivariable Cox regression model, the
adequacy test of Cox Snell residual test indicates the line is
on the straight origin as shown in Fig. 3.

Discussion

The final report of the present study revealed that the overall
crude incidence of attrition rate was found to be 6⋅75 % (95 %
CI 5⋅56, 9⋅6). This is almost similar to the previously reported

Table 2. Baseline clinical and nutritional characteristics of children with

MAM cases admitted to TSFP at selected health posts in Gubalafto

district from June 2018 to 2021

Variables Categories Frequency

Percentage

(%)

Baseline MUAC 11⋅5–11⋅9
cm

206 42⋅9

12––12⋅4
cm

274 57⋅1

Baseline weight 5–8⋅9 kg 180 37⋅5
9–12⋅9 kg 293 61⋅0
≥13 kg 7 1⋅5

Feeding counselling at

baseline

No 136 28⋅3
Yes 344 71⋅7

Cooking demonstration by

healthcare provider for

rations

No 170 35⋅4
Yes 310 64⋅6

Baseline comorbidity No 359 74⋅8
Yes 121 25⋅2

Comorbidity types Diarrhoea 52 43⋅0
HIV/AIDS 16 13⋅0
Pneumonia 42 8⋅7
Others 11 2⋅24

Fig. 1. Kaplan-Meier survival difference by the residency of children after

starting MAM treatment of children aged 6–59 months in Gubalafto district,

North East Ethiopia.
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10⋅3 % finding in the South Wollo Zone(23) but inconsistent
and lower than the previous description of 16⋅5 % in North
West Ethiopia(24), and 24⋅1 % Sokoto, Nigeria(25).
Nevertheless, this finding is higher than previously reported
2⋅2 % in the Hadiya Zone of Southern Ethiopia(2,3). The pos-
sible reason for the variation can be due to the differences in
the study period, settings, sample size and counselling barriers
of healthcare providers during treatment. On the other hand,
early healthcare-seeking behaviour and commitment of the
family of children influenced the length of long-term treatment
intensity in OTP centres.
Furthermore, the median time to develop attrition was

found to be 13 (IQR ±9) weeks. Which was lower than the
national protocol of mean time to wait upon target weight
achieved in the RUTF centre(19). Moreover, the qualities of
the clinical healthcare service, specifically the cost of the acces-
sorial drug at baseline admission contributed to the intention
to caregiver self-discharged. Regarding predictors for attrition
rate, variables like residences, and counselling on how to feed
their children at baseline were significantly associated with
attrition from RUTF centres. Consistent with previous

findings in North Shewa, Oromia Region(10), Washington
University, St. Louis(26) and Bihar, India(17) caregivers did
not get feeding counselling when RUTF treatment at treatment
increased intention to attrition from the centre. When care-
givers did not get feeding counselling for children at baseline,
there was nearly three times the increased attrition rate from
the treatment centre as compared with those who had advice
on how to feed their children (AHR 2⋅78; CI 1⋅34, 5⋅78; P =
0⋅001). This might be due to the topographically Gubalafto
Woreda was in long-term duration and was a war centre for
the past 3 years since (2019–21)(16) is a home for a refugee
population in the catchment area. This might expose the care-
giver population to be food insecure and lack home assets as a
farmer and hard to be stable after admission of their dyads due
to fear of continual transportation fees and cost of accessory
drugs during inpatient treatment of MAM, and they prefered
self-discharged with or without treatment progression.
Moreover, the risk of attrition rate for under-five who were
from rural residences nearly two times increased as compared
with urban children (AHR 1⋅61; CI 1⋅18, 2⋅18; P = 0⋅00). This
finding is in line with previous reports in South Gondar(4,27)

and Pawe Hospital(6). This might be in some instant family
education status has an impact on the intention for long-term
treatment outcome of their dyads. In these cases, educated
mothers have an awareness regarding their child’s health,
and they might be active unless their child has not obtained
the targeted weight and will not interrupt the ongoing treat-
ment even though who were from rural residents.

Limitations of the study

The retrospective nature of data collection may miss significant
variables like household, economic assets and food security
status of the family and this leads to based interpretations of
the result. Therefore, the application of our findings for clinical
decisions and policy should take into account these limitations
in addition to the lack of qualitative approaches for some
predictors.

Conclusion

Nearly one in every eleven MAM treatment-admitted children
developed attrition (lost to follow-up) after the onset of treat-
ment. Living in a rural residence, caregivers who did not get
child feeding counselling were significantly associated with attri-
tion rates. Hence, serious counselling both in baseline and dur-
ing consecutive follow-ups was highly needed on nutrition
diversification for virtuous treatment outcomes of children.
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