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Introduction: Severe acute malnutrition (SAM) is a critical public health concern in Ethiopia, contributing to high morbidity and mortality rates among children. Despite the improvement in hospital coverage and the development of standardized WHO treatment guidelines, recent reviews indicated a wide range in recovery rates (34%–88%) due to several context-specific factors. Understanding the factors influencing the recovery time can help inform targeted interventions and improve the overall management of SAM cases. Therefore, this study aimed to assess the time to recovery and predictors of children aged 6–59 months with severe acute malnutrition in Addis Ababa, Ethiopia, in 2023.



Methods: An institutional-based retrospective follow-up study was conducted among children aged 6–59 months who were admitted to Tirunesh Beijing Hospital (TBH), Addis Ababa, Ethiopia, from July 2019 to June 2023. The Kaplan–Meir estimate and survival curve were used to compare the time to recovery using a log-rank test among different characteristics. A Cox proportional hazard regression analysis model was used to identify significant predictors of time to recovery. Finally, a p-value of <0.05 was used to declare a significant association.



Results: The median survival time to recovery was 17 (95% CI: 16.39–17.60) days, and the incidence rate of recovery from SAM was 37.8 per 1,000 child days. Moreover, exclusive breastfeeding [adjusted hazard ratio (aHR): 1.97, 95% CI: 1.45–2.68], amoxicillin provision (aHR = 1.62, 95% CI: 1.11–2.35), and deworming (aHR = 2.14, 95% CI: 1.48–3.09) were protective factors. However, complications at admission (aHR = 0.41, 95% CI: 0.23–0.73) and diarrhea during admission (aHR = 0.64, 95% CI: 0.45–0.91) were identified as risk factors of recovery from SAM.



Conclusion: The time to recovery among the current study participants was low compared with the sphere standard. Besides, exclusive breastfeeding, complications at admission, diarrhea, amoxicillin provision, and deworming were independent predictors. Therefore, appropriate provision of routine medication and early management of medical comorbidity as per the national SAM management protocol can reduce the mortality of children with severe acute malnutrition significantly.
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1 Introduction

Severe acute malnutrition (SAM) among children aged 6–59 remains a large-scale problem and a significant concern for most developing countries (1, 2). Globally, around 45%–60% of deaths for children aged less than 5 years were linked to undernutrition, and this is mostly occurring in low- and middle-income countries such as Ethiopia (2–4).

The current global burden of malnutrition is unacceptably high, and it affects every country on the planet Earth (5). In 2019, 144 million under-five children were stunted, 47 million were wasted, and 14.3 million were severely wasted worldwide (6). More than 90% of the burden was in Africa and southeast Asia (7). Despite continued prevention efforts, severe acute malnutrition remains a major public health problem in sub-Saharan Africa (8).

Nutrition-related factors, along with pneumonia, diarrhea, and complications of prematurity, contribute to the leading cause of death among under-five children in Ethiopia, accounting for 45%, 21%, 14%, and 12%, respectively (9). For children with SAM, the risk of death is approximately tenfold higher compared to well-nourished children. This deficiency can have long-lasting effects on child health and their overall development (10). SAM is both a medical and a social problem, and its management requires both medical and social interventions (11). SAM is also an economic burden for a country, which increases the direct and indirect costs of medical care, reduces workforce participation, increases dependency on social safety nets, and lowers overall productivity (12).

Severe acute malnutrition is a major public health problem in Ethiopia, where 7% of under-five children are affected by wasting and 1% of them are severely wasted (13). According to the 2016 Ethiopian Demographic and Health Survey (EDHS), the prevalence rate of stunting has significantly reduced from 58% to 38% in 2000 and 2016, respectively (14). According to recent literature, recovery rates for inpatient treatment of severe acute malnutrition using the WHO standard in Ethiopia range from 33.6% to 88.4% (15). The research findings highlighted several contributing factors to the high burden of severe acute malnutrition in Ethiopia, including sociodemographic characteristics, nutritional-related factors, medical comorbidity, and clinical, financial, and treatment-associated factors, which were identified as important predictors of recovery time (16, 17). Moreover, factors such as poverty, failure to breastfeed exclusively, maternal factors such as inadequate nutrition during pregnancy, failure to gain the appropriate weight, illnesses such as diarrhea and acute respiratory infections, poor consumption of vitamin supplements, large family size, poor sanitation, lower maternal education, low birth weight, lack of breastfeeding, and personal food preference were all considered causes and/or risk factors of malnutrition (18, 19).

Ethiopia has been implementing nationally modified WHO guidelines for the management of severe acute malnutrition and Seqota declarations as part of the Second National Nutrition Program (NNP-II), but the recovery rate from SAM is still far from expected (20). Previous studies in Ethiopia also reported that the recovery rate from SAM was reported ranging from 43.59% to 87% (17, 21), and most studies determined that the recovery rates are lower than the recommended WHO and national Sphere standards (22). Moreover, there is variability in the recovery time, rate, and predictors across previous studies. It is also crucial to understand the current context and the status of recovery from SAM during the period of COVID-19 and other outbreaks. Therefore, this study was conducted to determine the recovery status and its associated predictors among children with SAM who were admitted at Tirunesh Beijing Hospital (TBH) from July 2019 to June 2023.



2 Methods


2.1 Study area and period

The study was conducted at Tirunesh Beijing Hospital (TBH) in Addis Ababa, Ethiopia. TBH is a referral hospital that provides services for about 605,266 people per year. Severely malnourished children are directly admitted to the nutritional rehabilitation unit (a subsection of the pediatric ward). According to hospital records, over 18,000 under-five children visit the hospital every year.



2.2 Study design and population

An institutional-based retrospective follow-up study was conducted among all eligible cases of SAM aged 6–59 months who received treatment at the TBH nutritional rehabilitation unit (NRU) between July 2019 and July 2023.



2.3 Eligibility criteria

All cases of children with SAM treated in the TBH nutritional rehabilitation unit (NRU) between July 2019 and June 2023 were included in the study. However, those SAM cases whose card was incomplete or who were admitted for other causes were excluded from the study.



2.4 Sample size determination and sampling procedure

The sample size was calculated using a double population proportion formula and assumptions of 80% power, a 95% confidence interval, and a marginal error of 5%.

Finally, by taking the maximum sample size among the above-listed, the final sample size required was 461. The total number of admitted and treated children in TBH for SAM from July 2019 to June 2023 was 501. We included 461 medical records of children after excluding 40 incomplete records (Table 1).


TABLE 1 Sample size determination.
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2.5 Study variables and operational definition

Time to recovery was the outcome variable in this study, and the independent variables were categorized as follows.


2.5.1 Sociodemographic factors

Age, sex of the child, place of residence, season of admission, and vaccination status.



2.5.2 Anthropometry and type of SAM

Anthropometry at admission [weight, height, mid-upper-arm circumference (MUAC) for 6–59 months], weight gain, admission diagnosis (marasmus, kwashiorkor, and marasmic-kwashiorkor), and edema.



2.5.3 Medical comorbidity

Pneumonia, HIV serostatus, diarrhea, hemoglobin level, malaria, TB, dehydration, consciousness, and shock.



2.5.4 Medication and treatment

IV fluid intake, IV antibiotic treatment, blood transfusion, routine medication (amoxicillin, ampicillin, gentamicin, etc.), and special medication.



2.5.5 Nutritional therapy-related factors

Nasogastric (NG) tube use, plumpy nuts, F-100 and F-75 intake, and play stimulation.




2.6 Operational definition


2.6.1 Protein calorie malnutrition

A state of inadequate food intake that takes place in the absence of a substantial injury, inflammation, or other disease that triggers a systemic inflammatory response (23).



2.6.2 Chronic malnutrition

Defined using height for age (HFA), as Z-scores between −3 and −2 for moderate chronic malnutrition and Z-scores less than −3 for severe chronic malnutrition.



2.6.3 Time to recovery

Determined by calculating the difference (in days) from the start of treatment until the child is discharged due to recovery.



2.6.7 Severe acute malnutrition (SAM)

Defined by a very low weight for height (WFH)/weight for length, clinical signs of bilateral pitting edema, or a very low mid-upper arm circumference.



2.6.8 Recovered (cured)

Defined when the child reaches ≥85% of the median weight for height (WFH) or WFH Z-score of greater than or equal to −2 on more than one occasion or no edema for 10 days (23).



2.6.9 Censored

Those SAM children who were defaulted, transferred, or dead were considered censored observations.



2.6.10 Defaulted

A child who was not seen for at least 2 weeks after starting treatment and confirmed by a home visit (23).



2.6.11 Appetite test

Assessed by offering the child ready-to-use therapeutic food (RUTF). If the child passes the appetite test and has no other complications, then the child is considered for rehabilitation at home if not treated in the hospital (24).



2.6.12 Death

Refers to a child’s death and has to be confirmed by a home visit.




2.7 The context of acute malnutrition services in Ethiopia

The care and treatment for severe acute malnutrition (SAM) and moderate acute malnutrition (MAM) are integrated into the routine healthcare system. In line with the National Nutrition Program (NNP) II 2016–2020 and the Health Sector Transformation Plan (HSTP) 2015/16–2019/20, services for the management of SAM and MAM are delivered through the health system including health posts (HP), health centers (HC), and zonal, regional, and referral hospitals. The service is provided using a flow chart (Figure 1).


[image: Figure 1]
FIGURE 1
A flowchart adapted from the National Guideline for Management of Acute Malnutrition in Ethiopia.




2.8 Data collection and quality control

Data were collected using a structured data abstraction format, and it was abstracted from SAM registries and cards of children retrieved from the card room using medical record numbers. Three graduated diploma nurses were recruited to collect the data from the patient's medical records and SAM treatment registry. One supervisor and the principal investigator followed the data collection closely. The length of stay and average weight gain were calculated from the available recorded secondary information. Anthropometric data of patients and other data were taken from their medical cards and the SAM registry. All records of 6–59-month-old children with SAM who were admitted to the stabilization center of TBH from July 2019 to June 2023 were included in this study. However, incomplete records that missed sociodemographic information, comorbidities, routine medications, and patient treatment outcomes (i.e., death, recovery, transfer out, and default) were excluded.

The validity of the questionnaire was assessed by subject-matter experts and senior researchers. In addition, the reliability of the tool was checked using Cronbach’s alpha coefficient, and the result was 0.73, meaning that the assumption was not violated. Moreover, to assure data quality, the data collection tool was pretested on 5% of the total samples at Zewditu Memorial Hospital. After the pretest, necessary amendments to the tool were made for the final data collection. A one-day training was given to the data collectors on how to extract the data from the patient registry.



2.9 Data processing and analysis

Data were coded and entered into EpiData software. Then it was exported to SPSS version 26 for further analysis. The age, weight, height, and edema were further exported to the ENA for SMART software to calculate the WFH% and HFA Z-score from admission and discharge height and weight measurements. A survival curve was used to display the survival (time to cure) among different characteristics. The outcome variable was dichotomized as recovered and censored for survival analysis. The Kaplan–Meier test was done to compare the median survival time among different groups. Factors related to time to recovery were analyzed using a multivariable Cox proportional hazard regression model. A crude and adjusted hazard ratio (aHR) with a 95% confidence interval was determined. To control the confounding variables, multivariable Cox proportional hazard regression was used. Variables with a p-value of <0.25 in bivariate Cox regression analysis were selected and included in multivariable Cox regression analysis. Finally, a p-value of <0.05 was used to declare a statistically significant association.



2.10 Ethical consideration

Ethical clearance was obtained from the Research and Ethical Review Committee of the Addis Ababa Medical and Business College. Then a supporting letter was written to the administrative body of TBGH. The information collected was kept confidential. Written informed consent was obtained from the hospital manager for accessing the medical records of SAM patients.




3 Results


3.1 Sociodemographic characteristics

This study was conducted with a total of 461 study participants, which yields a response rate of 100%. The minimum and maximum ages of the children were 6 and 59 months, respectively, with a mean and standard deviation of 17 ± 12 months. Among them, 166 (36%) were in the age category of 6–11 months, and 170 (36.9%) were in the age category of 12–23 months. Moreover, 232 (50.3%) of the study participants were female, and 449 (96.7%) were urban residents (Table 2).


TABLE 2 Sociodemographic characteristics of the study participants.
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3.2 Medication and nutritional supplementation-related characteristics

Among the study participants, 185 (40.1%) had edema during admission, and 429 (93.1%) had complications during admission. Nearly half (232, 50.3%) had diarrhea at admission and 46 (10%) were diagnosed with TB infection during admission. Similarly, 28 (6.1) had HIV infection at admission, and the majority 192 (41.6%) had pneumonia at the time of admission. A total of 223 (48.4%) were fully vaccinated, and only 180 (39%) were exclusive breastfeeding. Almost all of the study participants (457, 99.1%) were used the routine medication and nutritional therapy. Moreover, 299 (64.9%) of the children received vitamin A supplementation, and 222 (48.2%) received amoxicillin supplementation. Only 1.1% of children received folic acid during admission (Table 3).


TABLE 3 Medication and nutritional supplementation-related characteristics.
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3.3 Nutritional assessment and intervention-related characteristics

Most of the children (315, 68.3%) failed the appetite test. Concerning the weight for height of children, 286 (62%) were lower than 70%, and 121 (26.2%) were between 70% and 80%. Similarly, 175 (38%) of children had a height for age more than 95%, and 156 (33.8%) had 90%–95% (Table 4).


TABLE 4 Nutritional assessment and intervention-related characteristics.
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3.4 Survival time to recovery from SAM

The cumulative proportion of people surviving at the end of the 2nd, 15th, and 27th days were 99.6%, 62.7%, and 6.5%, respectively. The median survival time to recovery was 17 days (95% CI: 16.39–17.60) (Figure 2).


[image: Figure 2]
FIGURE 2
The Kaplan–Meier estimate of the survival time to recovery.




3.5 Incidence rate of recovery from SAM

In this study, a total of 461 children were followed for a minimum of 1 day and a maximum of 40 days, with an overall median length of stay of 13 days ± 6 days. Based on this, the total children's time of observation was 5,878 child days. Furthermore, the incidence rate of recovery from SAM among 6–59-month-olds with SAM was 37.8 per 1,000 child days’ observation, and the percentage of study participants recovered was 48.2% (Figure 3).
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FIGURE 3
Recovery status of the study participants.




3.6 Predictors of time to recovery

Predictors of time to recovery were assessed initially using bivariable Cox proportional hazard regression analysis with a p-value of <0.25 to identify factors that potentially affect the time to recovery. As a result, sex, residence, exclusive breastfeeding, vaccination status, type of SAM, presence of edema, complication at admission, diarrhea, TB, HIV, pneumonia, upper respiratory tract infection (URTI), amoxicillin, ampicillin, gentamicin, deworming, special medication, IV antibiotic, NG tube use, and play stimulation were identified as a candidate variables for the final model (p < 0.25).

Besides, multivariable Cox proportional hazard regression analysis was performed to select the predictor variables by adjusting for confounders. As a result, only exclusive breastfeeding, complications at admission, diarrhea, deworming, and amoxicillin provision during admission were found to be independent predictors of recovery status.

As indicated in the table below, controlling all other variables constant, children who received only breast milk had a 97% higher chance of recovery time compared to their counterparts (aHR = 1.97, 95% CI: 1.45–2.68). Similarly, children who received amoxicillin during admission have a 62% lower risk of delayed recovery time as compared with those who did not receive amoxicillin during admission (aHR = 1.62, 95% CI: 1.11–2.35). Moreover, the recovery time was more than two times better among children who were dewormed as compared with their counterparts (aHR = 2.14, 95% CI: 1.48–3.99).

On the other hand, SAM children with complications at admission had a 59% (aHR = 0.41, 95% CI: 0.23–0.73) higher risk of delayed recovery time as compared to those children without complications at admission, and children who have diarrhea during admission had a 36% (aHR = 0.64, 95% CI: 0.45–0.91) higher risk of delayed recovery time than their counterparts (Table 5).


TABLE 5 Cox proportional hazard regression analysis for predictors of time to recovery.
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4 Discussion

The current study revealed a recovery rate of 48.2%, which was low when compared to the sphere standards that recommend the cure rate should exceed 75% (25) in malnourished children on relevant treatment protocols. This low recovery rate may be attributable to a late presentation (3), a higher percentage stabilized and transferred out to Outpatient Therapeutic Feeding Program (OTP) (25.2%), and patient overload (11). As well, this low recovery rate may be attributable to non-adhering to the standard protocol for the management of SAM (26). Thus, to achieve a better cure rate, the management of the SAM standard protocol needs to be implemented properly. Lastly, in this study, the low recovery rate may be due to mismanagement of children, such as partial prescription of routine medication, or comorbidity at admission, such as the presence of diarrhea.

This study also exposed important information about the nutritional recovery time of children with SAM managed in a nutritional rehabilitation unit and predictors of time to nutritional recovery. The median time of recovery from SAM was 17 days (95% CI: 16.39–17.6). This is in line with a study finding from St. Paul's Hospital Millennium Medical College, Ethiopia (27). The median time of recovery in this study was higher than findings reported from different parts of Ethiopia (3, 18, 26, 28), but it was lower than some other studies done at Karat and Fasha stabilization centers in southern Ethiopia (26 days) and Shebedino district in southern Ethiopia (36 days) (29, 30). These variations could be due to differences in the quality of care, differences in the qualifications of care providers, and differences in the settings of stabilization centers. The late detection of SAM and the late referral to the stabilization centers might also contribute to the differences in the times of recovery.

Exclusive breastfeeding was found to be a predictor of time to recovery from SAM among children aged 6–59 months. Children who receive exclusive breastfeeding have 1.97 times better recovery times as compared with their counterparts (aHR = 1.97, 95% CI: 1.45–2.68). The reason behind this might be that exclusive breastfeeding might help to prevent undernutrition and infection and might speed up recovery after SAM and associated diseases (31).

A non-occurrence of complications at admission was identified as a predictor of time to recovery from SAM. Recovery time was delayed by 59% among children who had complications at admission as compared with their peers (aHR = 0.41, 95% CI: 0.23–0.73). This finding was consistent with a study conducted in northwestern Ethiopia, which reported that children who had anemia on admission had a lower chance of early recovery (26). This indicates that children with complications of anemia can not feed themselves and might be at risk for poor recovery and need attention during treatment. Similarly, the findings of complications at admission were consistent with the study done in southern Ethiopia, which revealed SAM children who did not develop complications at Therapeutic Feeding Centers (TFCs) had a significantly higher nutritional recovery rate than their counterparts (29). The reason behind this could be that the presence of comorbid conditions characterized by inadequate food intake may lead to a fast depletion of nutrients and delayed nutritional recovery.

A non-occurrence of diarrhea during admission was identified as a predictor of time to recovery from SAM. The recovery rate was delayed by 36% among children who had diarrhea during admission as compared with their counterparts (aHR = 0.64, 95%CI: 0.45–0.91). This finding was consistent with a study report from Tigray, Northern Ethiopia, which reported that children with no diarrhea had a more than two times higher probability of recovering from SAM (32, 33). The possible explanation could be that diarrhea might cause increased peristalsis movement of food in the gastrointestinal tract and might decrease the rate of absorption, which is exacerbated by nutrition. In addition, children with diarrhea commonly have a loss of appetite.

Amoxicillin provision during admission had a positive association with a rapid time to recovery from SAM. Children who received amoxicillin during admission have 1.62 times better recovery as compared with those who did not receive amoxicillin during admission (aHR = 1.62, 95% CI: 1.11–2.35). This result was supported by studies from Northwest Ethiopia (34), Eastern Ethiopia (35), and Lilongwe, Malawi (36). This can be explained by the supportive effect of amoxicillin in the treatment of infections and other complications associated with SAM (4),

which might be related to amoxicillin specifically reducing the risk of transfers to inpatient care for clinical complications due to gastroenteritis. In addition, the poor mucosal integrity in malnourished children allows the translocation of bacteria across compromised intestinal surfaces, resulting in bacteremia (37, 38).

Deworming was found to be a predictor of time to recovery from SAM. The recovery rate was more than two times better among children who were dewormed as compared with those who were not dewormed (aHR = 2.14, 95% CI: 1.48–3.09). This finding was consistent with a study conducted in the northern region and southwest Ethiopia (31, 39). Due to the unhygienic environment, many children in the developing world have diverse types of intestinal parasites; thus, children aged 2 years and older are recommended to be dewormed every 6 months (40). The worm affects the patient's appetite due to its abdominal destination and causes anemia, which might further decrease the rate of recovery. In addition, this might be because children with SAM are at an increased risk of infection and intestinal inflammation (31), which could impair nutrient absorption and delay the recovery time.


4.1 Strengths and limitations of the study

The main strengths of this study might be related to the study design employed, which might assess the cause-and-effect relationship. Although this study is not free from limitations, as it was based on secondary data obtained from patient medical records, it lacks the incorporation of some variables like maternal educational status, family size, wealth index, and food security. Furthermore, potential bias due to incomplete records was possible. Thus, the findings of this study should be interpreted in consideration of these limitations.




5 Conclusion and recommendation

The time to recovery among the current study participants was low compared with the Sphere standard (<4 weeks) (24). Moreover, exclusive breastfeeding, complications at admission, diarrhea, amoxicillin provision at admission, and deworming were independent predictors. Therefore, appropriate provision of routine medication and early management of medical comorbidity as per the national SAM management protocol can reduce the mortality of children with severe acute malnutrition significantly.
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