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Background: Infection with the human immunodeficiency virus is one of the factors that contribute to malnutrition. Several
initiatives have been launched in Ethiopia to improve HIV patients’ nutritional status and achieve early recovery when malnourished
patients are found. Despite these efforts, adult HIV patients’ malnutrition recovery remains poor.
Objective: The objective of this study was to assess the time to recovery from undernutrition and associated factors among adult HIV
patients on ART at public health facilities in Ilu Aba Bor zone, Southwest Ethiopia, 2021.
Methods: An institution-based retrospective cohort study of 374 adult HIV patients with undernutrition receiving ART at public
health institutions in Southwest Ethiopia was conducted. Data were extracted from the patient’s record and entered into Epi-Data
version 3.1 before being exported to STATA version 14. The Kaplan–Meier method was used to estimate the time to recovery, and the
difference in survival time between predictor variables was tested using the Log rank test. Weibull regression models, both bivariable
and multivariable, were fitted. A p-value of 0.05 was declared statistically significant.
Results: The recovery rate was 67.7% and the median recovery time was 65 days (95% CI = 61.6–68.4) and 145 days (95% CI = 130.7–159)
for MAM and SAM, respectively. Marital status (Married) (AHR = 0.61; CI = (0.43,0.86)), ART status (pre ART) AHR = 0.492; CI
= (0.305,0.793), CD4 (200-350c/m3, AHR = 2.116;CI = (1.447,3.21), type of malnutrition (AHR = 0.22; CI= (0.156,0.307)), ART adherence
level (AHR= 3.33, CI = (1.997,5.56))WHOclinical staging (AHR= 0.685, CI = (0.485,0.948)), sex (male), (AHR= 0.678; CI = (0.509,0.901))
and age (35–54), (AHR = 1.86; CI = (1.408,2.47)) were predictors of recovery time.
Conclusion: Compared to previous studies, the recovery rate was high. SAM, advanced clinical stage, sex, and marital status were all
negatively associated with nutritional recovery time, whereas ART adherence, CD4 count, and age were predictors. As a result,
a therapeutic feeding program should focus on factors that slow recovery time.
Keywords: time to nutritional recovery, malnutrition, adult HIV patients, Weibull regression model

Background
HIV/AIDS remains a global health concern. According to the 2020 global AIDS update, 38 million people are infected with HIV
worldwide, with 25.4 million receiving treatment.1 Of the total number of patients, over 67% are found in sub-Saharan Africa.2

There are 710,000 HIV patients in Ethiopia. In Ethiopia, about 1.1% of adults aged 15 to 49 had been infected with HIV.3

The Oromia region is home to 26% of Ethiopia’s estimated HIV patients.12 The prevalence of malnutrition in adult
HIV patients in Asian countries ranges from 18.3%to 59%.4,5 Malnutrition is found to be prevalent in South Africa,
Uganda, and Zimbabwe at rates of 13%, 10.8%, and 10%, respectively.6–8 Ethiopia is one of the countries most affected
by HIV and malnutrition. Undernutrition affects 15.15% to 42.9% of adult HIV patients in Ethiopia.9–11
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Patients living with HIV (PLHIV) are more likely to become malnourished due to decreased food intake, poor
nutrient absorption, increased energy needs, and changes in the way the body uses nutrients. Malnutrition contributes to
immune system degeneration, making the body susceptible to recurring illness and increasing its energy and nutrient
requirements, thus hastening disease progression.13 Evidence suggests that people living with HIV are at a higher risk of
malnutrition, which can lead to rapid disease progression and death. It increases the risk of death in HIV-positive adults
by up to twofold, especially in severely malnourished individuals.14 Undernutrition at the start of ART increases the risk
of death, particularly in the first three months, and it remains the most important prognostic indicator of survival in
developing countries such as Ethiopia.15,16

Several studies have identified CD4 count, WHO clinical stage, sex, age, residency, educational status, ART
adherence level, ART status, months on ART, opportunistic infection, facility type, and types of malnutrition as
predictors of recovery in undernourished adult HIV patients.17–20 Across studies, the average time to recover from
malnutrition after food supplementation varies. According to some reviews, the average stay in Ethiopia under the
therapeutic feeding program ranges between 63 and 84 days for MAM and 128–175 days for SAM.19,20

National HIV/AIDS and nutrition guidelines, training materials, and a management protocol were created.
Furthermore, nutrition intervention for HIV patients in Ethiopia has been ongoing for 11 years. Despite these efforts,
a recent study discovered that the rate of recovery following nutritional supplementation is unacceptably low, ranging
from 24% to 62.2%.18,19,21,22 The Ethiopian Federal Ministry of Health and other stakeholders want proof of the
program’s progress in order to improve national nutritional intervention guidelines and patients’ quality of life.23

Researchers in Ethiopia attempted to investigate the prevalence of undernutrition in adult HIV patients as well as
treatment outcomes after food supplementation. However, the time to recovery and its associated factors received
insufficient attention. Based on the best available literature search, there is only one recently published article that
evaluated the time to nutritional recovery and its predictors among undernourished HIV positive adults treated with
ready-to-use foods.24 As a result, the purpose of this study was to determine the time to recovery and its predictors
among undernourished adult HIV patients in the Ilu Aba Bor Zone of Southwest Ethiopia.

Methods
Study Setting and Period
The study was conducted at the Ilu Aba Bor zone public health institutions. Ilu Aba Bor is one of the zones of the Oromia
region located in the Southwest part of Ethiopia, at a distance of 600 Kms from Addis Ababa. Ilu Aba Bor is considered as
one of the cash crop areas of Ethiopia, with an estimated population of 1,036,663. In this zone, 15 ARTcenters are providing
treatment for HIV patients including a therapeutic feeding program. The study was conducted from June 19 –July 19, 2021.

Study Design, Population, and Sample Size
An institution-based retrospective cohort study was conducted. All randomly selected HIV-infected adult patients with
moderate and severe acute malnutrition enrolled in a therapeutic feeding program from January 1, 2014 to December 31,
2019 at ART centers in the Ilu Aba Bor zone were the study population.

The required sample size was calculated using Epi Info, version 7, statistical software considering a 95% confidence
interval, an 80% power, and a ratio of 1:1 exposed-to-non-exposed, and using the percentage of recovery in the non-exposed
group (educated) is 61.3% from a recent study conducted at Finote Selam Hospital in Northwest Ethiopia.19 After accounting
for the design effect of two and a 10% contingency for missing and incomplete data, the final sample size was calculated to be
374. The participants were selected using a multi-stage sampling technique. In the first stage, the selection of ARTcenters was
carried out by using a simple random sampling technique. Accordingly, eight ART centers were selected from all the 15 ART
centers. Following a review of HIV patients’ follow-up charts and food by prescription registration books, those who met the
inclusion criteria were listed in each selected ART center. Samples were distributed proportionally to selected ART centers
based on the number of malnourished adult patients seen between January 1st, 2014 and December 31st, 2019. Finally, after
recording all eligible clients using their unique ART numbers, 374 participants were selected using simple random sampling
(computer-generated list method by Excel) in each health facility.
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Eligibility Criteria
Inclusion Criteria
All malnourished adult HIV-infected people with documented nutritional treatment outcomes were included.

Exclusion Criteria
Those patients who were edematous started a therapeutic feeding program in other ART centers (transferred in) and the
first document of readmitted patients in the therapeutic feeding program were excluded.

Operational Definitions
Recovered – Participant reached a BMI of ≥18.5 kg/m2 for two consecutive visits within three or six months after starting
TFP, depending on nutritional status at baseline (MAM or SAM, respectively).

Not recovered – Participant who did not reach a BMI of ≥18.5 kg/m2 for two consecutive visits within three (MAM)
or six (SAM) months.

Defaulter – Client who were lost for more than three consecutive months of the visit from the nutritional care
program.

Lost follows – Client who were lost for one or two months of the visit from a nutritional program
Died – Participant who died during program participation, and death was documented by clinic staff in the register

book.
Transferred out – Participant transferred out of the program at the clinic where they first enrolled.
Censored – It includes all cases who failed to recover, defaulted from treatment, lost to follow-up, died or

transferred out.

Data Collection Tools and Procedures
Data abstraction format was developed after reviewing different literature and national guidelines for HIV/AIDS and
nutrition.17–19 Variables such as socio-demographic factors, clinical related factors, and type of malnutrition, final
outcome, and starting and ending time of therapeutic feeding program were extracted from ART registration and food
by prescription books. The records were reviewed for completeness prior to data collection. Following medical records
and food by prescription registration books of malnourished adult HIV patients who met the inclusion criteria were
reviewed retrospectively by the data collectors. The baseline diagnosis of malnutrition served as the starting point for
that, all the follow-up, and the endpoint was the date of nutritional recovery or another outcome.

Height and weight, as well as BMI, were calculated by the ART Clinic focal person prior to the start of the therapeutic
feeding program using standard measurements and recorded on the ART registration and food by prescription book. Those
diagnosed with acute malnutrition will be admitted to a therapeutic feeding program, where patients with moderate malnutri-
tion (BMI 16–18.49 kg/m2) will be given two sachets of ready-to-use therapeutic feeding (RUTF) every day until their BMI
exceeds 18.5 kg/m2, or for three months. Those suffering from severe acute malnutrition (BMI <16 kg/m2) are given four
sachets per day until they recover, or for a maximum of six months.23

Supervisors and card reviewers received two days of training on the data collection process. Before the actual data
collection, the prepared checklist was pretested (5%). The supervisor and principal investigator checked the data for
proper categorization and coding, completeness, and consistency on a regular basis during data collection.

Data Processing and Analysis
Before data entry, it was checked for consistency and completeness. The data were entered into Epi-Data version 3.1 and
exported to STATA version 14 for analysis. The nutritional recovery time was calculated from the date of malnutrition
diagnosis to the date of the event. To calculate the nutritional recovery time, days were used as a time scale. The Kaplan–
Meier and log rank tests of survival estimates were employed to investigate the significance of the difference in
nutritional recovery experience among different categories of study participants after diagnosis of malnutrition and
TFP initiation (ie to conclude whether there was a significant difference between different survival curves). Before
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running the regression model, multi-collinearity was checked. The proportional hazard assumption was checked using the
Schoenfeld residuals. Cox Snell residual plot (cumulative hazard function) was used for model diagnosis.

As variable selection precedes model diagnostics, all variables in the bivariate analysis at p values less than 0.25 were
included in the multivariable survival model. The AIC and BIC of Cox regression and parametric regression (exponen-
tial, Weibull, and Gompertz) models were compared, and the distribution with the lowest AIC or BIC was considered the
best model. The Weibull regression model was chosen to fit the data set based on AIC. The association between the
independent variables and the outcome variable (time to recovery) was assessed by the Weibull regression model.

The Likelihood Ratio and the Cox-Snell residual plot were used to diagnose the model. Since the likelihood ratio test
was significant (p-value 0.05), and the Weibull baseline distribution cumulative hazard function of residuals against Cox-
Snell residuals is a straight line, the model was adequate (45 degrees). The hazard ratio was used as a measure of
association with a 95% confidence level.

Results
Socio-Demographic Characteristics of the Study Participants
The study included records of 368 patients who had a complete record with a response rate of 98.4%. Nearly two-
thirds (65.2%) of the study participants were females and more than half (51.6%) were urban residents. The ages of
patients ranges from 18 to 75 years with a median age of 36 years and more than half (53.3%) of the study
participants were between 35 and 54 years of age. One hundred forty-nine (40.5%) of the study participants attended
primary education. Two hundred thirty-two (63.0%) of the participants were married. Nearly two-thirds (64.1%)
were not employed (Table 1).

Treatment Outcome
Overall, 249 (67.7%; 95% CI = 62.8, 72.6) of patients were recovered from malnutrition. Nearly a third (32.3%) where
censored from which 25.8% not recovered, 18 (4.9%) defaulted, 2(0.5%) loss to follow-up and 4(1.1%) died. From
patients that had follow-up in hospitals, 160 (70.7%) recovered from malnutrition, whereas 89 (69%) of patients who had
follow-up in health centers were recovered. Nearly three-quarter (73%) of participants in WHO clinical staging I and II
and 62% of participants in WHO clinical staging III and IV were recovered from malnutrition (Table 2).

Table 1 Socio-Demographic Characteristics of the Participants in Ilu Aba Bor Zone ART
Centers, Southwest Ethiopia, January 1, 2014 to December 31, 2019

Variable Category Frequency Percent

Age 18–34 146 39.7%

35–54 196 53.3%
≥55 26 7%

Sex Female 240 65.2%

Male 128 34.8%
Place of residence Urban 190 51.6%

Rural 178 48.4%

Educational status No formal education 100 27.2%
Primary 149 40.4%

Secondary 96 26.1%

Higher education 23 6.3%
Marital status Single 60 16.3%

Married 232 63%

Divorced 54 14.7%
Widowed 22 6%

Employment status Employed 132 35.9%

Not employed 236 64.1%
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Table 2 Treatment Outcome of the Study Participants in Ilu Aba Bor Zone ART Centers, Southwest
Ethiopia, January 1, 2014 to December 31, 2019

Variable Category Nutritional Recovery

Recovered Censored

Age 18–34 92(63%) 54(37%)
35–54 141(71.9%) 55(28.1%)

≥55 16(61.5%) 10(38.5%)

Sex Female 171(71.2%) 69(28.8%)
Male 78(60.9%) 50(39.1%)

Place of residence Urban 126(66.3%) 64(33.7%)

-rural 123(69.1%) 55(30.9%)
Educational status No formal education 69(69%) 31(31%)

Primary 99(66.4%) 50(33.6%)

Secondary 67(69.8%) 29(30.2%)
Higher education 14(60.9%) 9(39.1%)

Marital status Single 43(71.7%) 17(28.3%)

Married 163(70.3%) 69(29.7%)
25(46.3%)Divorced 29(53.7%)

Widowed 14(63.6%) 8(36.4%)

Employment status Employed 92(69.7%) 40(30.3%)
Not employed 157(66.5%) 79(33.5%)

ART status On ART 228(69.3%) 101(30.7%)

Pre ART 21(53.8%) 18(46.2%)
Months on ART <6 months 59(64.1%) 33(35.9%)

6–12 months 64(88.9%) 8(11.1%)

12 months 105(63.6%) 60(36.4%)
WHO clinical staging Stage I and II 135(73.4%) 49(26.6%)

Stage III and IV 114(62%) 70(38%)
CD4 count < 200 cell/m3 45(45.9%) 53(54.1%)

200–350 cell/m3 92(79.3%) 24(20.7%)

>350 cell/m3 112(72.6%) 42(27.3%)
Opportunistic infection Yes 115(64.9%) 63(35.4%)

No 134(70.5%) 66(29.5%)

ARTAdherence level Poor 18(32.7%) 37(67.3%)
Good 211(77%) 63(23%)

TB prophylaxes INH 138(69%) 62(31%)

No INH 111(66.1%) 57(33.9%)
Functional status Working 223(70.6%) 93(29.4%)

Ambulatory 24(53.3%) 21(46.7%)

Bedridden 2(29.6%) 5(71.4%)
Hemoglobin level <10 mg/dl 48(51.6%) 45(48.4%)

10–11.9 gm/dl 96(75%) 31(25%)

>12 gm/dl 105(71.4%) 42(28.6%)
Cotrimoxazole therapy Yes 215(68.3%) 100(31.7%)

No 34(64.2%) 19(35.8%)

Type of malnutrition MAM 179(69.1%) 80(30.9%)
SAM 70(64.2%) 39(35.8%)

Facility Hospital 160(66.9%) 79(33.1%)

Health center 89(69%) 40(31%)
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Kaplan–Meier Survival Estimates of Recovery Time from Undernutrition
The nutritional recovery rate was 7.113 per 1000 person-days (CI = 6.3, 8.1) among the entire study participants in
the cohort. It was 8.821 per 1000 person-days (CI = 7.45, 10.4) for non-advanced and 5.78621 per 1000 person-days
(CI = 4.82, 6.95) person-days for advanced diseases. The overall person time was 35,007 per person for the entire
observation. The median nutritional recovery time of the entire cohort was 65 days (CI: 61.6–68.4) for moderate
malnutrition and 145 days for severe malnutrition (CI: 130.7–159) (Figure 1).

Similarly, there was a substantial variation in nutritional recovery time with CD4 count. The median recovery time for
MAM patients with a CD4 count of less than 200 cell/m3 was 88 days, 62 days for those with a CD4 count of 200–350
cell/m3, and 64 days for those with a CD4 count of greater than 350 cell/m3, respectively (Chi-square: 22.6, p < 0.01),
while it was 185 days, 123 days, and 143 days for SAM patients with CD4 counts of less than 200, 200–350 cell/m
(Figure 2).

The WHO clinical staging had a significant impact on the median nutritional recovery time. Patients with WHO
clinical stage I and II with MAM had a median recovery time of 62 days, while patients on stage III and IV had a median
recovery time of 70 days. Furthermore, SAM patients with WHO clinical stage I and II had a recovery time of 121 days
and patients with stage III and IV had a recovery time of 170 days (Chi-square: 7.67, p = 0.006) (Figure 3) (Table 3).

Figure 1 Shows overall Kaplan-Meier estimation of survival time to recover from under nutrition among adult HIV patients at Ilu Aba Bor from January 1, 2014, to
December 31, 2019.

Figure 2 Kaplan-Meier survival curves comparing recovery time between patients by category of CD4 count at Ilu Aba Bor ART centers from January 1, 2014, to
December 31, 2019.
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Factors Associated with Time to Recovery
Eighteen independent variables were analyzed in bivariate Weibull regression analysis with the dependent variable. Thirteen
variables, which have a P-value of <0.25 in the bivariate Weibull regression analysis, were entered into a multivariable
Weibull regression analysis. However, eight variables: age, sex, CD4 level, marital status, ARTstatus, adherence level, type of
malnutrition, and WHO clinical staging (advanced diseases) were independent predictors. Male patients were 32% less likely
to recover than females (AHR = 0.68, CI = 0.51, 0.9). Patients on pre-ART at the time of diagnosis were 51% less likely to
recover than those on ART at baseline (HR = 0.49, CI = 0.31, 0.79). Regarding ART adherence level, patients who had good
ART adherence recovered 3.33 times more likely than those who had poor ART adherence (HR = 3.33, CI = 1.99,5.56).

Figure 3 Shows a cumulative estimation of the chance of recovery among adult undernourished HIV patients by Type of malnutrition in Ilu Aba Bor, southwest Ethiopia
from January 1, 2014 to December 31, 2019.

Table 3 Kaplan-–Meier Survival Estimates of Recovery Time for Severe and Moderate Acute Malnutrition Among Adult HIV Patients
with Different Covariates in Ilu Aba Bor Zone ART Centers, Southwest Ethiopia from January 1, 2014, to December 31, 2019

Variable Category Recovery Time (in Days)

MAM 95% CI SAM 95% CI Log-Rank X2 Value P-value

Marital status Single 62 59.6–64.4 105 44.7–165.3

9.76 0.021
Married 65 61.2–68.8 145 134.6–155.4
Divorced 84 55.8–112.2 187 156–217.9

Widowed 72 59.1–84.8 170 107.5–277.5

5.17 0.023

ART status On ART 65 61.9–68.1 144 129.2–158.8

Pre ART 90 82.8–120 160 138–182

Months on ART <6 months 69 55.8–82.2 139 85.8–192.2
15.37 <0.016–12 months 62 59.7–64.3 90 85.7–94.2

12 months 65 59.9–70.2 179 146.8–211.2

WHO clinical staging Stage I&II 62 59.8–64 121 109.6–132.4
7.67 0.006Stage III&IV 70 68,8–74 170 148.2–191.8

CD4 count <200 c/m3 88 93.3–118.2 185 161.5–208

22.6 <0.01200–350 c/m3 62 58.6–65.4 123 114.6–131.4
>350 c/m3 64 60.6–67.4 143 130.3–159.7

ART Adherence Poor 121 106–137 192 157–226 26.64

<0.01Good 63 61.1–64.9 140 126.7–153.3
Hemoglobin level <10 mg/dl 103 90.2–115.94 153 104.1–201.8

7.93 0.01910–11.9 gm/dl 65 61,5–68.5 130 93.1–166.9

>12 gm/dl 65 59.9–70.1 145 142–148
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Depending on the types of malnutrition, severely malnourished patients (BMI <16 kg/m2) were about 78% less likely to
recover than those who were moderately malnourished at baseline (AHR = 0.22, CI = 0.15, 0.31). In addition, patients who
were in the advanced clinical stage (WHO clinical stage III and IV) were 32% less likely to recover than those who were in the
non-advanced stage (WHO clinical stage I and II) (AHR = 0.68, CI = 0.49, 0.95).

Patients who had CD4 count between 200 and 350 cell/m3 were about 2 times more likely to recover than those
who had less than 200 cells/m3 Furthermore, patients who had CD4 count of greater than 350 cell/m3 were 1.4
times more likely to recover than their counterparts (200 cell/m3) (for 200–350 cell/m3 AHR = 2.16, CI = 1.45,
3.21; for >350 cell/m3: AHR = 1.6, CI = 1.07, 2.36). Regarding marital status, patients who were married, divorced
and widowed had 39%, 67%, 60.5% less likely to recover than those who were single, respectively (AHR = 0.61, CI
= 0.43,0.86; AHR = 0.33, CI = 0.20,0.54; AHR = 0.39, CI = 0.21,0.75). Those patients who were in the age group
of 35–54 had 1.87 times more likely to recover than those who were 18–34 age (AHR = 1.876, CI = 1.41, 2.47)
(Table 4).

Table 4 Factors Associated with Recovery Time Among Undernourished Adult HIV Patients in Ilu Aba Bor Zone ART Centers,
Southwest Ethiopia, January 1, 2014 to December 31, 2019

Covariates Category Status CHR(95% CI) AHR(95% CI)

Recovered N (%) Censored N (%)

Sex Female 171(71.2) 69(28.8) Ref Ref
Male 78(60.9) 50(39.1) 0.79(0.6,1.043) 0.68(0.51,0.9)**

Age 18–34 92(63) 54(37) Ref Ref

35–54 141(71.9) 55(28.1) 1.42 (1.09,1.85) 1.86(1.41,2.47)**
≥55 16(61.5) 10(38.5) 0.88(0.52,1.49) 1.19(0.68,2.09)

Marital status Single 43(71.7) 17(28.3) Ref Ref

Married 163(70.3) 69(29.7) 0.82(0.59,1.15) 0.61(0.43,0.86)**
Divorced 29(53.7) 25(46.3) 0.45(0.28,0.71) 0.33(0.20,0.54)**

Widowed 14(63.6) 8(36.4) 0.77(0.39,1.32) 0.39(0.21,0.75)**

ART status On ART 228(69.3) 101(30.7) Ref Ref
Pre ART 21(53.8) 18(46.2) 0.53(0.34,0.83) 0.49(0.31,0.79)**

Cd4 count <200cell/m3 45(45.9) 53(54.1) Ref Ref
200–350 cell/m3 92(79.3) 24(20.7) 2.76(1.93,3.95) 2.16(1.45,3.21)**

>350 cell/m3 112(72.6) 42(27.3) 2.24(1.58,3.17) 1.60(1.07,2.36)*

Opportunistic infection Yes 115(64.9) 63(35.4) Ref Ref
No 134(70.5) 66(29.5) 1.46(1.13,1.87) 1.02(0.73,1.43)

ART adherence level Poor 18(32.7) 37(67.3) Ref Ref

Good 211(76) 63(23) 3.41(2.10,5.51) 3.33(1.99,5.56)**
TB prophylaxis INH 138(69) 62(33.9) Ref Ref

No INH 111(66.1) 57(29.4) 1.17(0.91,1.50) 0.81(0.59,1.11)

Functional status Working 223(70.6) 93(29.4) Ref Ref
Ambulatory 24(53.3) 21(46.7) 0.55(0.36,0.84) 1.01(0.63,1.63)

Bedridden 2(28.6) 5(71.4) 0.25(0.06,1.03) 1.52 (0.60,6.49)

Hemoglobin level <10 m/dl 48(51.6) 45(48.4) Ref Ref
10–11.9 gm/dl 96(75) 96(25) 1.85(1.31,2.62) 1.34(0.90,1.99)

>12 gm/dl 105(71.4) 105(28.6) 1.97(1.40,2.78) 0.95(0.63,1.43)

Types of malnutrition MAM 179(69.1) 80(30.9) Ref Ref
SAM 70(64.2) 39(35.8) 0.23(0.17,0.31) 0.22(0.15,0.31)**

WHO clinical staging Stage I &II 135(73.4) 49(26.6) Ref Ref

Stage III&IV 114(62) 70(38) 0.51(0.39,0.66) 0.68(0.49,0.95)*
Facility Hospital 160(66.9) 79(33.1) Ref Ref

Health center 89(69) 40(31) 0.86(0.66,1.11) 0.77(0.56,1.08)

Notes: **Significant association P<0.01,*p-value<0.05.
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Discussion
This study aimed to assess the time to recovery from acute malnutrition as well as the predictors of recovery time among
HIV patients. Overall, 249 patients (67.7%; 95% CI = 62.8, 72.6) recovered from malnutrition. The recovery rate in this
study was higher than studies conducted in Kenya, Uganda, and Ethiopia.17–20,25 The differences could be attributed to
the variations in study setting and period.

The overall recovery time from malnutrition, as well as the differences in recovery time between different patient
groups, was evaluated. In this study, the overall median recovery time for moderate and severe malnutrition was
estimated to be 65 days and 145 days, respectively. The median recovery time is consistent with the median recovery
time reported in an Ethiopian study.20 However, the findings are better than a report from a study conducted at Finote
Selam hospital, which were 12 and 25 weeks for MAM and SAM, respectively.19

In a multivariable Weibull regression analysis, sex was one of the predictors of time to recovery from malnutrition.
Male patients required more time to recover than female patients. This could be due to men entering ART programs at
a more advanced stage of the disease than women.26 It could also be due to differences in energy requirements between
men and women. A study conducted in Ethiopia and sub-Saharan Africa supports this finding.18,20,27

Age was also a significant predictor of time to recovery from acute malnutrition. Patients between the ages of 35 to 54 were
more likely to recover from acute malnutrition. This finding contradicts the findings of studies conducted in Kenya and
Ethiopia.17,21,27 In this study, more than half of the patients were between 35 and 54 years of age. This observed proportion
might have played a role in the difference in recovery of this age group compared to other age groups. Furthermore, 85% of
patients in this age group had good ART adherence, indicating that they had a high chance of recovery.

Another socio-demographic factor associated with time to recovery from acute malnutrition was marital status. When
compared to single participants, married, divorced, and widowed participants had a higher risk of slow recovery. This finding
may be attributed to the fact that single people are usually free of worrying about dependent children at home and financial
problems because they have fewer social responsibilities that may have a short recovery time. Patients who have been divorced or
widowed may be food and financial insecurity, resulting in a lengthy recovery period. Those patients who are married may share
their therapeutic feeding (RUTF) with their spouse or children, causing them to not adhere to TFP and thus affecting nutritional
recovery time. However, no other study has reported the effect of marital status on nutritional recovery time.

ART status at the time of diagnosis was another predictor of time to recovery from acute undernutrition. HIV patients
who did not start ART as soon as they were diagnosed with malnutrition recovered slower than those who started ART
immediately after being diagnosed with malnourished. This is because ART effectively suppresses viral replication while
also restoring the immune system and halting the onset and progression of illnesses, which may contribute to a faster
recovery time from acute malnutrition.28 A study conducted in Ethiopia backs this finding.20 In contrast to this study's
findings, a retrospective cohort study in Kenya found that patients on pre-ART have a shorter recovery time.17 The
disparity could be related to the sample size in that the study in Kenya involved larger sample size.

Another factor associated with nutritional recovery time was CD4 count. Those patients who had a higher CD4
level (more than 200 cells/m3) recovered faster. This might be because CD4 are white blood cells that fight infection
and play an important role in the immune system that hasten the recovery time. Another study in Ethiopia supported
our findings, which revealed that lower CD4 count affected nutritional recovery.25 However, studies done in Kenya, in
Finote Selam and Mekelle in Ethiopia did not show any association between CD4 count and nutritional recovery.17–19

The reason for the variation could be differences in health care setup and sample size as well as socio-demographic
characteristics.

The study also discovered that the type of undernutrition at the baseline was linked to the length of time it takes to
recover nutritionally. This is because under nutrition enhances infection vulnerability by promoting immunological
malfunction. As the severity of the under-nutrition increases, immunological status deteriorates, causing recovery to be
delayed. This finding is in line with findings from Ethiopia18,21 and Kenya.17

WHO clinical stage was another factor that was significantly associated with time to recovery. Patients with non-
advanced disease (stages I and II) were more likely to recover from undernutrition. This may be due to the fact that
advanced diseases cause immune impairment and decrease the nutrition intake causing patients to have a longer
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nutritional recovery time. This finding is also supported by evidence from retrospective cohort studies conducted in
Ethiopia’s Finote Selam hospital and Mekelle.18,19

ART adherence was another predictor of nutritional recovery time. Patients with good adherence to ART regimens
were more likely to recover from malnutrition than patients with poor adherence. This may be due to the nutritional effect
of non-compliance, which may result in virologic, immunologic, and clinical failure. Evidence from a study in Ethiopia
supports the current findings.19

Conclusion
In this study, the recovery rate was higher than the reports from most studies conducted in Ethiopia and other sub-
Saharan countries. According to the multivariate Weibull regression model, sex (male), marital status, ART status at
diagnosis, severe malnutrition, and advanced stage of the disease (WHO III and IV) were all negatively associated with
nutritional recovery time, whereas having a higher CD4 count, good ART adherence, and age (between 35 and 54 years)
were found to be positively associated. Based on the study findings, we recommend that ART clinicians, therapeutic
feeding programs and health authorities give due emphasis to people with poor adherence, advanced WHO clinical stage,
low CD4 count, and severe acute malnutrition. In addition, attention should be given to male, widowed and divorced, and
young patients. Further, immediate enrollment into the ART has to be strengthened.

Limitation of the Study
Because it was based on secondary data due to its retrospective nature, the analysis of associated factors for nutritional
recovery time was limited by the information obtained from the patients’ charts. As a result, data on some demographic
characteristics (food insecurity, economic status) and other clinically related factors were not available in the patient’s record,
and these variables were not included in the study. Because this is a secondary data analysis, future researchers should use
a prospective cohort study design to obtain more information by incorporating additional factors not included in this study.
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AHR, adjusted hazard ratio; AIC, Akaike information criterion; AIDS, acquired immune deficiency syndrome; ART,
antiretroviral therapy; BMI, body mass index; BIC, Bayesian information criterion; CD4, cluster of differentiation four;
CHR, crude hazard ratio; CI, confidence interval; CNS, central nerves system; EFMOH, Ethiopian federal ministry of
health; HIV, human immune deficiency virus; HR, hazard ratio; MAM, moderate acute malnutrition; PLHIV, people
living with HIV; RUTF, ready to use therapeutic feeding; SAM, severe acute malnutrition; SNNPR, South nation,
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Organization.
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