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SUMMARY

Background: Malnutrition is highly prevalent among surgical children in sub-Saharan Africa, but data on
its association with postoperative outcomes are limited. This study presents the first dataset on
malnutrition and postoperative outcomes in children undergoing major gastrointestinal (GI) surgery in
Uganda. We retrospectively evaluated the association between preoperative malnutrition and post-
operative outcomes in young children undergoing major GI surgery.
Methods: A retrospective cohort study of children aged 1-59 months who underwent major GI surgery
at the Children's Surgical Hospital, Entebbe, between April 2021 and November 2024. Nutritional status
was assessed at admission using WHO Z-scores and mid-upper arm circumference (MUAC) cut-offs,
classifying children as stunted (height-for-age Z-score < —2) and/or wasted (weight-for-length/height
Z-score < —2, or MUAC below the age-specific cut-off). Outcomes included postoperative complications
(primary), complication severity, length of hospital stay, and pediatric intensive care unit admission.
Multivariable regression models adjusted for demographic and clinical covariates.
Results: We included 274 children, 117 (42.7%) female, with a mean age of 24.5 + 14.1 months. The most
frequent diagnoses were anorectal malformations in 190 (69.3%) and Hirschsprung's disease in 64
(23.4%). At admission, 107 (39.0%) were stunted and 68 (24.8%) wasted. Overall, 95 (35.6%) experienced
at least one postoperative complication, and 21 (7.7%) experienced two, resulting in a total of 116
complications. The most frequent were wound infections or dehiscence in 62 (53.4%) and urinary tract
infection in 25 (21.6%). There were 6 fatalities (2.2%). After adjustment, wasting was independently
associated with postoperative complications (OR 3.74; 95% CI 1.14-13.38; p = 0.03), while stunting
showed no such association. Neither stunting nor wasting was associated with other outcomes.
Conclusions: Wasting is associated with higher odds of postoperative complications in pediatric
abdominal surgery, although the confidence interval is wide. These findings underscore the need for
prospective interventional studies to clarify causal relationships and determine whether targeted
perioperative nutritional interventions can improve postoperative outcomes in pediatric surgical
patients.
© 2026 The Author(s). Published by Elsevier Ltd on behalf of European Society for Clinical Nutrition and
Metabolism. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

1. Introduction

Malnutrition is a major contributor to morbidity and mortality
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burden in sub-Saharan Africa [1]. In Uganda, the 2022 De-
mographic and Health Survey (DHS) reported 24.4% stunting, 3.2%
wasting, and 9.7% underweight among children aged 0-59 months
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[2]. Recent evidence indicates that malnutrition disproportion-
ately affects the most vulnerable populations, particularly those
living in rural areas and regions with high food insecurity—such as
Karamoja, Kigezi, and Tooro—where stunting prevalence exceeds
the national average [3]. These disparities reflect the combined
effects of structural poverty, low maternal education, climate
vulnerability, limited access to healthcare, poor sanitation, sub-
optimal infant feeding practices, and a high burden of infectious
diseases [4].

To address acute malnutrition, Uganda implements the Inte-
grated Management of Acute Malnutrition strategy, combining
facility-based care and community-based management using
ready-to-use therapeutic foods (RUTF) and routine nutritional
screening [5].

Nutritional status significantly affects surgical outcomes
[6,7]. Surgically induced stress-related catabolism, characterized
by systemic inflammation, protein breakdown, and nitrogen
loss, creates a hypermetabolic state that increases the risk of
poor wound healing, infection, gastrointestinal bacterial over-
growth, prolonged hospitalization, and mortality [8]. These ef-
fects are particularly detrimental in malnourished children, as
surgical stress worsens nutritional deficits, impairs immunity
and intestinal barrier function, and increases complications
while hindering growth and neurodevelopment [9,10]. The
American Society for Enhanced Recovery and the Perioperative
Quality Initiative (ASER-POQI) consensus underscores that,
within enhanced recovery pathways, nutritional screening and
optimization are essential perioperative components [11].
Accordingly, malnutrition in pediatric patients has been
consistently associated with higher rates of postoperative
complications, delayed recovery, prolonged hospital and ICU
stays, and increased mortality, highlighting the importance of
understanding its specific impact across different surgical con-
texts [7,12].

This concern is particularly relevant for children undergoing
gastrointestinal (GI) surgery, who may face an elevated risk of
malnutrition, possibly related to feeding challenges, nutrient loss,
or increased metabolic demands [13]. In Uganda, these risks may
be amplified by systemic limitations, delays in accessing care, and
caregiver-related barriers such as financial constraints and limited
health literacy [14].

In the East African context, common GI surgical indications
include congenital colorectal anomalies such as anorectal mal-
formations (ARM) and Hirschsprung's disease (HD). ARM accounts
for 57-67% of neonatal intestinal obstruction cases in regional
referral centers, with delayed presentation frequent in Uganda
[15,16]. HD, with a global incidence of approximately 1 in 5000 live
births, also faces diagnostic delays in this setting [17,18]. Addi-
tionally, surgical emergencies including intestinal obstruction,
necrotizing enterocolitis, and intussusception contribute sub-
stantially to pediatric morbidity and mortality [19,20]. Malnutri-
tion compounds these risks, adversely affecting recovery and
survival [21,22].

Despite evidence linking malnutrition to adverse surgical out-
comes, few studies in sub-Saharan Africa have examined its
impact on postoperative complications in pediatric gastrointes-
tinal surgery. We hypothesized that (1) preoperative stunting and
wasting would be associated with higher odds of postoperative
complications and (2) wasting would show a stronger association
than stunting. This study, using a detailed dataset from Entebbe,
Uganda, aimed to assess the association between preoperative
malnutrition and postoperative outcomes, with a specific focus on
comparing the effects of wasting and stunting in children aged
1-59 months undergoing major GI surgery.
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2. Methods
2.1. Study design and setting

We conducted a retrospective cohort study at the Children's
Surgical Hospital (CSH) in Entebbe, Uganda, a specialized pediatric
surgical center operated since April 2021 by EMERGENCY, an Ital-
ian non-governmental organization. Entebbe lies on a Lake Victo-
ria peninsula approximately 37 km southwest of Kampala. The
hospital provides free surgical care to children from across Uganda
and neighboring countries and serves as a national reference
center for elective pediatric surgery. CSH has 72 beds, including a
six-bed pediatric intensive care unit (PICU), a 16-bed high de-
pendency unit, and a general ward, and operates three theatres,
performing approximately 1000 surgeries annually [14,23].

2.2. Study population

We included all children aged 1-59 months admitted between
April 15, 2021, and November 15, 2024, who underwent major
therapeutic GI surgery, as defined by Martin et al. [24], which
considers comorbidities, surgical complexity, physiological
impact, and clinical outcomes.

Neonates are not managed at the Children's Surgical Hospital
and were therefore not eligible for inclusion. Although the hospital
admits older children, patients older than 59 months were
excluded to focus on the age group for which World Health Or-
ganization anthropometric standards and malnutrition classifica-
tions are validated and routinely applied, and because both
nutritional assessment methods and perioperative risk profiles
differ in older pediatric patients [25].

If a patient had more than one admission, only the first record
was included.

Patients were excluded from the study if they met any of the
following criteria.

e Missing anthropometric data (weight or height/length) at
admission.

e Diagnosis of oncologic disease, congenital heart disease, or
positive HIV serology at admission, due to potential con-
founding effects on nutritional status and surgical outcomes.

e Surgery solely for diagnostic purposes (e.g., exploratory lapa-
rotomy without therapeutic intervention) or colostomy closure
alone, as these procedures are considered minor and generally
less impacted by nutritional status.

2.3. Nutritional assessment and classification

At admission, nutritional status was assessed using mid-upper
arm circumference (MUAC) and WHO growth standard Z-scores,
the WHO 2006 standards for children aged 6-59 months and WHO
2023 standards for children aged 1-5 months, in accordance with
WHO malnutrition guidelines recommending their complemen-
tary use [26,27]. Z-scores calculated included weight-for-length/
height, weight-for-age, and height-for-age. Absolute MUAC
thresholds, rather than MUAC-for-age Z-scores, were used in
accordance with WHO 2023 operational guidelines, which remain
the most widely implemented approach in clinical settings. MUAC
was considered an index of malnutrition if it was <110 mm in
infants aged 6 weeks to <6 months and <125 mm in children aged
6-59 months [25]. Malnutrition was classified according to the
WHO 2023 guidelines [25]. Discharge nutritional status was
assessed using the same methods. We did not differentiate
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moderate from severe malnutrition, as separating them reduced
statistical power in preliminary analyses.

2.4. Nutritional rehabilitation

Children with moderate or severe malnutrition received peri-
operative nutritional rehabilitation, delivered preoperatively,
postoperatively, or both, depending on clinical status and surgical
timing. Nutritional therapy included enteral feeds (e.g., F-75, F-
100, RUTF) or parenteral nutrition when enteral feeding was not
feasible. Patients receiving therapy for >3 consecutive days were
classified as treated. This threshold was chosen to reflect mean-
ingful clinical exposure, consistent with inpatient nutritional sta-
bilization protocols [28].

Preoperative nutritional support was initiated in severely or
moderately malnourished patients when surgery could be safely
delayed, based on multidisciplinary surgical and pediatric assess-
ment. The duration of preoperative optimization varied with
clinical urgency, ranging from same-day initiation to several days
before surgery. For children requiring emergency surgery, nutri-
tional therapy was started postoperatively as soon as clinically
feasible. We analyzed preoperative and postoperative therapies as
separate variables.

2.5. Data collection

Data were extracted from electronic health records and
included demographic characteristics, diagnosis, comorbidities,
type and urgency of surgery, anthropometric measurements at
admission and discharge, admission hemoglobin and albumin
levels, details of nutritional therapy, length of hospital stay, length
of PICU stay, and occurrence of postoperative complications.

2.6. Outcome measures

The primary outcome was the incidence of postoperative
complications, defined as any deviation from the ideal post-
operative course that is not inherent to the procedure, and does
not comprise failure to cure [29]. Secondary outcomes included
the severity of complications, retrospectively classified according
to the Clavien-Dindo system [30,31], as well as length of hospital
stay, PICU admission and length of PICU stay. We also assessed in-
hospital and 30-day postoperative mortality.

2.7. Additional definitions

Anemia in children under 6 years was defined according to
WHO criteria as hemoglobin levels below 11.0 g/dL [32]. Admis-
sions were categorized as scheduled (planned elective surgeries)
or unscheduled (emergency or urgent surgeries requiring imme-
diate intervention). Comorbidities were defined as pre-existing
medical conditions present at admission that could influence
outcomes, whereas complications at admission referred to adverse
clinical events secondary to the underlying condition occurring
prior to surgery. Surgical wounds were classified following CDC
and pediatric surgical literature definitions. GI procedures were
considered clean-contaminated if the alimentary tract was
entered under controlled conditions without gross contamination
(e.g., elective colostomy, pull-through for Hirschsprung disease).
Procedures were classified as contaminated in cases of fecal
spillage, infection, or fecal contamination (e.g., perforated appen-
dicitis, necrotizing enterocolitis with perforation) [33,34].
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2.8. Statistical analysis

Descriptive statistics were used to summarize patient de-
mographics, clinical characteristics, nutritional status, surgical
details, and outcomes. Continuous variables were reported as
means with standard deviations, while categorical variables were
expressed as frequencies and percentages.

Comparisons were made between children with and without
preoperative malnutrition. Chronic malnutrition (stunting) was
defined as a length/height Z-score < —2, and acute malnutrition
(wasting) as a weight-for-length/height Z-score < —2. For cate-
gorical variables, the chi-square test or Fisher's exact test was
applied, as appropriate. For continuous variables, Student's t-test
or the Mann-Whitney U test was used based on data normality.

Associations between malnutrition and postoperative out-
comes were further assessed using multivariable regression
models, applied when univariate analysis showed a potential as-
sociation (p < 0.20). Logistic regression was used for binary out-
comes (e.g., occurrence of complications, PICU admission), ordinal
logistic regression for complication severity (Clavien-Dindo
grade), and linear regression for continuous outcomes (e.g., length
of hospital stay, length of PICU stay). Covariates were selected
based on clinical and biological plausibility, supported by univar-
iate associations (p < 0.20). Age and presence of comorbidities
were included given their established clinical relevance across
pediatric surgical outcomes [35,36]. Other covariates were evalu-
ated for inclusion based on these criteria on a model-by-model
basis. Given the limited number of outcome events, the number
of covariates included in each model was restricted to minimize
overfitting. Statistical significance was set at p < 0.05. We per-
formed analyses using R software (version 4.3.2 for Windows).

We performed sensitivity analyses by restricting the sample to
children aged 6-59 months, excluding those with extreme
anthropometric Z-scores (below —6 or above +6), emergency
surgeries, and by focusing on specific conditions, including ano-
rectal malformations and Hirschsprung disease.

Given the sample size and number of outcome events, results
should be interpreted with attention to confidence intervals and
potential model instability.

2.9. Ethical considerations

The study was conducted in accordance with the ethical prin-
ciples of the Declaration of Helsinki (revised October 2024).
Approval was obtained from the Institutional Review Board of
EMERGENCY (reference number DS4/2025 EMERGENCY NGO, date
03/09/2025). Given the retrospective nature of the study and the
use of anonymized hospital records, the requirement for informed
consent was waived.

3. Results

During the observational period, 276 admissions were recor-
ded. We excluded two children due to missing data (Fig. 1). We
included 274 records in the study. Among these, 117 (42.7%) were
female, with a mean age of 24.5 4+ 14.1 months. Table 1 presents
the demographic, clinical, biochemical, and nutritional character-
istics of the total sample and by sex.

The majority of children, 262 (95.6%), were from Uganda, with
the remainder from other Sub-Saharan countries. Anemia, stunt-
ing, and wasting were highly prevalent at admission, reported in
185 (67.8%), 107 (39.0%), and 68 (24.8%), respectively. Males pre-
sented higher rates of stunting compared to females (45.2% and
30.8%, respectively, p = 0.02). No other significant differences were
detected between sexes.
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Children’s Surgical Hospital in Entebbe, Uganda

Gastrointestinal Surgery surgery

276 Children aged 1-59 months admitted between
April 15, 2021, and November 15, 2024 for

_ 2 children excluded for missing data

v

274 children included

Fig. 1. Flow diagram of participant inclusion and exclusion.

The most prevalent diagnoses at admission were anorectal
malformations in 190 (69.3%) children and HD in 64 (23.4%) chil-
dren. A detailed list of admission diagnoses is provided in
Supplementary Table 1 (Table S1).

3.1. Surgery and complications

The most frequently performed surgeries were posterior
sagittal anorectoplasty (PSARP) in 177 (64.6%) patients, followed
by pull through procedure in 50 (18.2%) children, and stoma for-
mation in 18 (6.6%) patients. Table S2 shows a complete list of
surgeries. Thirty-five (12.8%) patients underwent emergency sur-
gery, 21 procedures (16.0%) were classified as contaminated, and
15 (5.8%) had intra-operative complications.

Overall, 95 children (35.6%) experienced at least one post-
operative complication, and 21 (7.7%) experienced two, yielding a
total of 116 complications. Percentages for individual complica-
tions were calculated relative to this total. Wound infection or
dehiscence occurred in 62 cases (53.4%) and urinary tract in-
fections in 25 (21.6%). Table S3 lists the postoperative complica-
tions. There were six fatalities (2.2%), all occurring more than 30
days after hospital discharge and not reported as directly related to
the index surgical procedure in the available records.

3.2. Comparative analysis: stunting vs. wasting

In univariate analyses, stunted children had higher comorbidity
prevalence (30.8% vs 15.6%, p = 0.003) and received nutritional
support more frequently both before (7.9% vs 2.5%, p = 0.04) and
after surgery (14.9% vs 5.6%, p = 0.01) compared with non-stunted
peers (Table 2). Wasted children were younger (19.4 vs 25.6
months, p < 0.001), had more unscheduled admissions (30.9% vs
10.2%, p < 0.001), underwent emergency or complicated surgeries
more often (27.9% vs 7.8% and 30.6% vs 10.5%, p < 0.01), and
received more perioperative nutritional therapy (preoperative
16.4% vs 1.0%, postoperative 29.5% vs 3.0%, both p < 0.001). Wasted
children also had longer PICU stays (4.6 vs 1.6 days, p = 0.04)
(Table 3).

After adjusting for potential confounders (Tables 4 and 5),
wasting—but not stunting—was independently associated with
postoperative complications (OR 3.74, 95% CI 1.14-13.38, p = 0.03)

(Fig. 2). Trends toward longer PICU stay and increased complica-
tion severity were observed in wasted children, though these did
not reach statistical significance (Table 5).

3.3. Sensitivity analyses

The association between wasting and postoperative complica-
tions remained significant when children with extreme anthro-
pometric Z-scores (below —6 or above +6) were excluded. The
results were generally consistent when restricting the analysis to
children aged 6-59 months. However, the association was not
statistically significant when excluding emergency surgeries or
when considering only children with Hirschsprung disease
(Table S4).

4. Discussion
4.1. Key findings

This study provides a detailed assessment of malnutrition and
postoperative outcomes in children undergoing abdominal sur-
gery in a Sub-Saharan African country. Among children aged 1-59
months, 39.0% were stunted and 24.8% wasted at admission. Male
children exhibited higher rates of stunting, consistent with evi-
dence that boys are more vulnerable to chronic nutritional stress
in high-risk settings. Importantly, wasting, but not stunting, was
independently associated with an increased risk of postoperative
complications, even after adjusting for age, sex, and perioperative
nutritional interventions, highlighting acute malnutrition as a
critical determinant of surgical risk.

4.2. Prevalence of malnutrition and gender differences

The prevalence of malnutrition in our cohort was considerably
higher than national averages in Uganda, where wasting affects
2.9% and stunting 26% of children under five years [2]. Hospitalized
children are at higher risk of malnutrition [37], and children
requiring surgery may represent a particularly vulnerable sub-
group, potentially due to prolonged illness, feeding difficulties, or
delays in accessing appropriate care.
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Table 1

Demographic, clinical, biochemical and nutritional characteristics of the total
sample and by sex. Data are presented as frequency (percentile) or mean (SD) or
median (IQR).

Female Male Total sample p-
(n=117) (n=157) (n=274) value
NoM N (%) NoM N (%)  NoM N (%)

Baseline characteristics
Age in months, mean 117 23.2 157 25.5 274 245 0.2

(+SD) (14.0) (14.1) (14.1)
Unscheduled 117 15(12.8) 157 27 (17.2) 274 42 (15.3) 0.3
admission
Comorbidities at 117 22(18.8) 157 37(23.6) 274 59(21.5) 0.3
admission
Complications at 117 33(28.2) 157 46(29.3) 274 79(28.8) 0.8
admission
Ugandan nationality 117 114 157 148 274 262 0.2
(97.4) (94.3) (95.6)
Biochemical characteristics
Anemia 117 75(64.1) 156 110 273 185 03
(70.5) (67.8)
Hemoglobin g/dL, 117 104 156 10.1 273 102 0.2
mean ( + SD) (1.4) (1.8) (1.6)

Albumin g/dL, mean 117 4.0 (0.4) 156 3.9 (0.4) 273 3.9(0.4) 09
(£ SD)

Surgery

Emergency surgery 117 13(11.1) 157 22(14.0) 274 35(12.8) 0.5

Contaminated surgery 45 9(20.0) 86 12 (14.0) 131 21 (16.0) 0.4

Intra-operative 107 5(4.7) 150 10(6.7) 257 15(5.8) 0.5
complications

Nutritional status and support

Stunting at admission 117 36 (30.8) 157 71 (45.2) 274 107 0.02

(39.0)

Wasting at admission 117 33(28.2) 157 35(22.3) 274 68 (24.8) 0.3

Wasting at discharge 104 20 (19.2) 145 24 (16.6) 249 44 (17.7) 0.6

Nutritional 75 2(27) 107 4(3.7) 182 6(3.3) 1
rehabilitation before
admission

Nutritional support 112 4(36) 150 8(5.3) 262 12(46) 0.6
before surgery

Nutritional support 112 7(6.2) 150 17(11.3) 262 24(9.1) 0.2
after surgery

Outcomes

Postoperative 115 38(33.0) 152 57 (37.5) 269 95 (35.6) 0.5
complications

Grade of postoperative 37 1.8(1.3) 59 1.6(1.2) 96 1(1-2) 0.6
complication
(Clavien Dindo [-V),
median (IQR)

Hospitalization days, 117 26(33.6) 157 24.6 274 252 0.7
mean ( + SD) (11.4) (23.5)

PICU stay 117 51(43.6) 156 65 (41.0) 274 115 0.7

(42.1)

Days of PICU stay, 51 20(35) 64 23(3.3) 115 22(34) 06
mean ( + SD)

Deaths? 117 3(26) 157 3(19) 274 6(22) 0.7

Abbreviations.
NoM, Number of measurements.
IQR, Interquartile Range.
PICU, Pediatric Intensive Care Unit.
SD, Standard Deviation.
2 These deaths occurred >30 days after discharge and were not reported as
directly related to the index surgical procedure in available records.

Our findings are in line with reports from other Sub-Saharan
African countries. In Rwanda, a prospective study of surgical
children aged 1 month to 15 years found stunting in 26.9% and
wasting in 21.2% [38]. In Zimbabwe, preoperative children under
18 years had prevalence rates of 22% and 12% for stunting and
wasting, respectively [39]. In Ethiopia, a tertiary hospital study
reported 45% malnutrition among pediatric surgical patients aged
1 month to 14 years [40]. By contrast, proportions in high-income
settings are lower: in the United States, preoperative malnutrition
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Table 2
Baseline, clinical and biochemical characteristics, and outcomes by stunting at
admission.

Not Stunted at p-
Stunted at admission value
admission (n=107)
(n=167)
NoM N (%) NoM N (%)
Baseline characteristics
Female sex 167 81(48.5) 107 36(33.6) 0.02
Age in months, mean (SD) 167 23.7 107 25.8 0.2
(14.4) (13.4)
Unscheduled admission 167 28(16.8) 107 14(13.1) 04
Comorbidities at admission 167 26(15.6) 107 33(30.8) 0.003
Complications at admission 167 49(29.3) 107 30(28.0) 0.8
Biochemical characteristics
Anemia 166 109 (65.7) 107 76 (71.0) 0.4
Hemoglobin g/dL, mean ( + SD) 166 10.3(1.7) 107 104 (1.6) 0.3
Albumin g/dL, mean ( & SD) 166 4.0(04) 107 3.9(0.5) 0.2
Surgery
Emergency surgery 167 25(15.0) 107 10(9.3) 0.2
Contaminated surgery 81 15(185) 50 6(12.0) 03
Intra-operative complications 156 7 (4.5) 101 8(7.9) 0.3
Nutritional status and support
Wasting at admission 167 41(24.6) 107 27 (25.2) 09
Wasting at discharge 151 27(17.9) 98 17(17.3) 0.9
Nutritional rehabilitation 115 1(0.9) 67 5(7.5) 0.01
before admission
Nutritional support before 161 4(2.5) 101 8(7.9) 0.04
surgery
Nutritional support after 161 9(5.6) 101 15(14.9) 0.01
surgery
Outcomes
Postoperative complications 164 53(32.3) 103 42(40.8) 0.2
Grade of postoperative 55 2(1-2) 41 2(1-2) 0.5
complication
(Clavien Dindo [-V), median
(IQR)
Hospitalization days, 167 26.0 107 24.0(9.6) 0.4
mean ( + SD) (29.2)
PICU stay 167 70(41.9) 106 45 (42.5) 0.9
Days of PICU stay, mean ( + SD) 97 21(32) 62 23(3.7) 08
Deaths® 167 4(24) 107 2(19) 1

Abbreviations.
NoM, Number of measurements.
IQR, Interquartile Range.
PICU, Pediatric Intensive Care Unit.
SD, Standard Deviation.
2 These deaths occurred >30 days after discharge and were not reported as
directly related to the index surgical procedure in available records.

affected 19% of children 0-18 years, with a peak stunting preva-
lence of 32% in infants [41]. This discrepancy likely reflects dif-
ferences in socioeconomic conditions and access to care —
particularly the availability of early diagnosis, timely identification
of nutritional deficits, and access to preoperative nutritional
support.

We also observed higher rates of stunting among male children,
consistent with regional and global evidence. Demographic and
Health Surveys across Sub-Saharan Africa, including Uganda,
consistently show higher stunting prevalence in boys than girls
[42-44]. This may reflect both biological and environmental fac-
tors: male children have greater energy requirements, are more
susceptible to infections, and experience slower immune matu-
ration [45]. A systematic review by Thurstans et al. [46] confirmed
that boys are consistently more likely to be undernourished than
girls, especially in settings with high exposure to nutritional and
infectious stressors. In surgical contexts, these vulnerabilities may
amplify nutritional risk, which could explain the higher preva-
lence of stunting among male patients in our cohort.
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Table 4
Multivariate analyses assessing correlation between admission stunting and clin-
ical outcomes.

Table 3
Baseline, clinical and biochemical characteristics, and outcomes by wasting at
admission.
Not Wasted at Wasted at p-value
admission admission
(n = 206) (n = 68)
NoM N (%) NoM N (%)

Baseline characteristics

Female sex 206 84 (40.8) 68 33 (48.5) 0.3

Age in months, 206 26.2 (144) 68 19.4 (11.6) <0.001
mean (SD)

Unscheduled 206 21(10.2) 68 21 (30.9) <0.001
admission

Comorbidities at 206 37 (18.0) 68 22 (324) 0.01
admission

Complications at 206 55 (26.7) 68 24 (35.3) 0.2
admission

Biochemical characteristics

Anemia 205 138 (67.3) 68 47 (69.1) 0.8

Hemoglobin g/dL, 205 10.3 (1.6) 68 10.1 (1.7) 0.4
mean ( + SD)

Albumin g/dL, 205 4.0 (0.4) 68 3.9(0.5) 0.7
mean ( + SD)

Surgery

Emergency surgery 206 16 (7.8) 68 19 (27.9) <0.001

Contaminated 95 10 (10.5) 36 11 (30.6) 0.005
surgery

Intra-operative 197 12 (6.1) 60 3(5.0) 1

complications
Nutritional status and support

Stunting at 206 80 (38.8) 68 27 (39.7) 0.9
admission

Wasting at 188 7 (3.7) 61 37 (60.7) <0.001
discharge

Nutritional 141 4(2.8) 41 2 (4.9) 0.5
rehabilitation
before
admission

Nutritional support 201 2(1.0) 61 10(16.4) <0.001
before surgery

Nutritional support 201 6(3.0) 61 18 (29.5) <0.001

after surgery

Outcomes

Postoperative 201 66 (32.8) 66 29 (43.9) 0.1
complications

Grade of 67 1(1-2) 29 1(1-3) 0.5

postoperative
complication
(Clavien Dindo
I-V), median
(IQR)
Hospitalization 206
days, mean
(+SD)
PICU stay 205
Days of PICU stay, 92
mean ( + SD)
Deaths*® 206

240(105) 68 28.7(433) 04

92 (44.9) 68
1.6 (1.2) 45

23 (33.8) 0.1
4.6 (6.7) 0.04

3(1.5) 68 3(4.4) 0.2

Abbreviations.
NoM, Number of measurements.
IQR, Interquartile Range.
PICU, Pediatric Intensive Care Unit.
SD, Standard Deviation.
2 All reported deaths occurred more than 30 days after hospital discharge and
were unrelated to the initial surgical admission.

4.3. Impact of malnutrition on surgical outcomes

The association between wasting and postoperative complica-
tions is consistent with studies in both pediatric and adult pop-
ulations [6,7,39]. In adults undergoing gastrointestinal surgery,
malnutrition has been shown to predict longer hospital stays,
higher mortality, and more postoperative complications [6]. In

Logistic regression using postoperative complication as dependent variable

Independent variables OR 95% CI p-value

Stunting at admission 1.28 0.65-2.52 0.6

Male sex 1.32 0.68-2.59 05

Age in months 0.97 0.95-0.99 0.02

Comorbidity at admission 0.77 0.29-193 0.6

Nutritional rehabilitation before 0.26 0.01-1.85 0.2
admission

0.10-4.22 0.7
1.17-17.94 0.03

Nutritional support before surgery  0.68
Nutritional support after surgery 4.19

Logistic regression using PICU admission as dependent variable

Independent variables OR 95% CI p-value

Stunting at admission 0.98 0.51-1.86 0.8

Male sex 1.14 0.61-2.14 0.1

Age in months 0.98 0.96-1.00 0.9

Comorbidity at admission 0.95 0.39-2.29 0.9

Nutritional rehabilitation 1.61 0.26-10.75 0.6
before admission

Nutritional support 0.01 0.00-0.57 0.03
before surgery

Nutritional support 2.08 0.60-832 0.3

after surgery

Ordinal logistic regression using grade of postoperative complication
(Clavien Dindo I-V as dependent variable

Independent variables Estimate 95% CI t- SE
value

Stunting at admission -0.70 -1.68/0.26 —1.42 0.49

Male sex .-0.03 -0.97/091 -0.07 047

Age in months -0.02 -3.45/3.41 -1.07 0.02

Comorbidity at admission -0.58 -1.99/0.76 -0.83 0.69

Nutritional rehabilitation -0.02 -3.45/341 -0.01 1-56
before admission

Nutritional support 1.11 -0.93/3.16 1.10 1-01
before surgery

Nutritional support -1.69 -3.20/ -2.33 0.72
after surgery -0.30

Linear regression using hospitalization days as dependent variable

Independent variables Beta- 95% CI p- SE
estimates value

Stunting at admission -0.29 -3.78/3.19 0.9 2.01

Male sex 1.98 -1.40/535 0.2 1.71

Age in months 0.01 -0.11/0.12 0.9 0.06

Comorbidity at admission 0.63 -4.11/5.36 0.8 240

Nutritional rehabilitation —8.68 —18.04/ 0.07 474
before admission 0.67

Nutritional support 0.35 —8.94/9.63 0.9 4.70
before surgery

Nutritional support 4.24 -2.43/ 0.2 34
after surgery 10.90

Linear regression using days of PICU stay as dependent variable

Independent variables Beta- 95% CI p- SE
estimates value

Stunting at admission 0.52 -1.01/2.05 0.5 0.77

Male sex 0.06 -1.43/1.55 0.9 0.74

Age in months -0.04 —-0.09/0.01 0.1 0.03

Comorbidity at admission -1.93 —3.98/0.11 0.06 1.02

Nutritional rehabilitation -0.02 -3.73/3.70 1 1.86
before admission

Nutritional support -9.93 -16.78/ 0.005 343
before surgery -3.09

Nutritional support 9.00 6.50/11.50 <0.001 1.25

after surgery

Abbreviations.

CI, confidence intervals.

OR, odds ratio.

PICU, pediatric intensive care unit.
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Table 5
Multivariate analyses assessing correlation between admission wasting and clinical
outcomes.

Logistic regression using postoperative complication as dependent variable

Independent variables OR 95% CI p-value
Wasting at admission 3.74 1.14-13.38  0.03
Age in months 0.98 0.94-1.01 0.1
Unscheduled admission 0.17 0.00-2.42 0.3
Comorbidity at admission 0.35 0.09-1.20 0.1
Complication at admission 4.21 1.73-10.78  0.002
Emergency surgery 3.96 0.13-133.10 0.5
Contaminated surgery 0.35 0.04-2.55 0.1
Nutritional support before 0.35 0.04-2.54 0.3
surgery
Nutritional support 4.69 1.04-25.17 0.05

after surgery

Logistic regression using PICU admission as dependent variable

Independent variables OR 95% CI p-value
Wasting at admission 0.49 0.14-1.51 0.2

Age in months 0.99 0.97-1.02 0.7
Comorbidity at admission 0.38 0.09-1.30 0.2
Complication at admission 1.16 0.51-2.60 0.7
Contaminated surgery 1.79 0.59-5.39 0.3
Nutritional support before 0.08 0.00-0.72 0.05

surgery
Nutritional support 5.84 1.40-29.26  0.02

after surgery

Ordinal logistic regression using grade of postoperative complication
(Clavien Dindo I-V as dependent variable

Independent variables Estimate 95% CI t-value SE

Wasting at admission -0.71 -2.27/0.86 —-0.89 0.79
Age in months -0.03 -0.09/0.02 -1.29 0.03
Unscheduled admission 0.12 -1.67/199 0.13 0.91
Comorbidity at admission -1.17 -3.46/0.89 —-1.09 1.07
Complication at admission 0.10 -1.06/1.28 0.17 0.59
Contaminated surgery 0.91 -1.65/3.54 0.70 1.30
Nutritional support before 1.27 -097/3.63 1.11 1.14

surgery
Nutritional support -1.72 -3.72/0.10 -1.80 0.95

after surgery

Linear regression using hospitalization days as dependent variable

Independent variables Beta- 95% CI p- SE
estimates value
Wasting at admission 4.35 -0.87/9.57 0.1 2.64
Age in months 0.06 -0.08/0.20 04 0.07
Unscheduled admission —5.51 -12.96/1.95 0.1 3.77
Comorbidity at admission -0.71 -6.10/4.69 0.8 2.72
Complication at admission 4.86 0.75/8.97 0.02 2.08
Contaminated surgery 6.89 -0.15/13.93 0.06 3.56
Nutritional support before -2.85 —12.05/6.36 0.5 4.65
surgery
Nutritional support -7.05 -13.63/ 0.04 333
after surgery -047

Linear regression using days of PICU stay as dependent variable

Independent variables Beta- 95% CI p- SE
estimates value
Wasting at admission 343 -0.66/7.51 0.1 2.01
Age in months -0.07 -0.16/0.03 0.2 0.05
Unscheduled admission -3.12 -9.23/299 03 3.01
Comorbidity at admission -3.38 -8.14/1.38 0.2 2.34
Complication at admission 1.17 -1.56/3.91 04 1.35
Contaminated surgery 5.79 1.23/10.35 0.01 2.24
Nutritional support before -9.58 -18.49/ 0.04 4.39
surgery —0.66
Nutritional support 3.34 -2.30/8.98 0.2 2.78

after surgery

Abbreviations.

CI, confidence intervals.

OR, odds ratio.

PICU, pediatric intensive care unit.
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Dependent variable: Post-operative complication
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Fig. 2. Odds ratio (ORs) plot from logistic regression analysis with postoperative
complications as the dependent variable.

ORs and 95% confidence intervals (Cls) are presented on a logarithmic scale. The
reference group is non-wasted children. Estimates are adjusted for age (months),
unscheduled admission, comorbidity at admission, complication at admission,
emergency surgery, contaminated surgery, and pre- and postoperative nutritional
support.

Zimbabwe, undernourished surgical children aged 0-18 years were
four to six times more likely to develop postoperative complica-
tions. The study classified children as undernourished using the
lowest Z-score across multiple anthropometric indicators (BMI-
for-age, height-for-age, weight-for-age, MUAC-for-age, and
weight-for-height), without distinguishing between acute and
chronic malnutrition [39].

From a biological perspective, acute malnutrition—particularly
deficiencies in micronutrients such as zinc and vitamin
A—reduces the body's ability to mount an effective immune
response. Protein deficiency further impairs immune cell pro-
duction and function, weakening host defense mechanisms.
Insufficient intake of dietary fats, especially essential fatty acids,
may disrupt immune regulation and promote chronic inflamma-
tion, ultimately compromising overall immune function [9].
Adequate macro- and micronutrients, along with hydration, are
essential to support the anabolic processes required for wound
healing. Nutrient deprivation triggers metabolic adaptations,
including increased metabolic rate and elevated cortisol levels,
which promote protein catabolism, fat mobilization, and height-
ened inflammatory responses, collectively impairing tissue repair
and delaying wound healing [47].

Acute malnutrition is also strongly associated with invasive
bacterial infections. Hospitalized children with severe wasting in
Sub-Saharan Africa have a two-to threefold higher risk of bacter-
emia compared with well-nourished peers, often caused by Gram-
negative enteric pathogens. Impaired immunity, combined with
disruption of the gut mucosal barrier, facilitates microbial trans-
location into the bloodstream [48]. In children undergoing
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abdominal surgery, these factors likely amplify susceptibility to
postoperative sepsis and infectious complications [9].

We did not find an association between stunting and post-
operative complications. These results differ from those of a pro-
spective study in pediatric patients aged 1-60 months undergoing
GI surgery, which identified a higher prevalence of stunting among
children with at least one postoperative complication, whereas
wasting showed no such association [49]. Differences in method-
ology and context may partly account for the divergence from our
findings, including variation in study design, sample size, surgical
case mix, perioperative nutrition, and baseline population char-
acteristics. Koofy et al. [49] did not perform multivariate analyses
and used a different growth chart to define malnutrition (the 2000
Centers for Disease Control and Prevention growth charts).

Stunting reflects chronic or recurrent undernutrition beginning
early in life and is associated with long-term immune dysregula-
tion and epigenetic changes [9]; however, it may represent a more
metabolically adapted state with less immediate impact on sur-
gical recovery, whereas wasting reflects acute metabolic and
immunologic stress that directly impairs wound healing and
resistance to infection [48]. These mechanistic interpretations
remain speculative and cannot be confirmed in our dataset but
may guide future mechanistic or interventional work.

We also found no association between malnutrition and length
of hospital stay. In contrast, a study from Rwanda reported longer
hospitalizations among children with moderate wasting and se-
vere stunting [38]. This may reflect differences in study population
(our cohort focused exclusively on abdominal surgery) and in
methodological choices. Seneza et al. [38] modeled moderate and
severe malnutrition as separate dummy variables, whereas we
applied a dichotomous classification to preserve statistical power.
Our approach may have reduced sensitivity to detect risk gradi-
ents, but it allowed clearer comparison between malnourished
and non-malnourished children.

4.4. Clinical implications

Our results support systematic perioperative nutritional
screening using MUAC and WHO Z-scores, with particular atten-
tion to identifying children with wasting. Elective surgery should,
when feasible, be delayed to allow short-term nutritional reha-
bilitation. This strategy aligns with perioperative nutrition guide-
lines and ERAS principles, which emphasize early identification of
nutritional risk, minimization of preoperative fasting, and timely
nutritional intervention as modifiable determinants of surgical
outcomes, particularly among patients undergoing major gastro-
intestinal procedures [8].

Trials evaluating structured perioperative feeding protocols,
including preoperative therapeutic feeding and early post-
operative supplementation, are needed to determine their effec-
tiveness in reducing surgical risk and enhancing recovery. Such
targeted interventions represent a low-cost and potentially high-
impact strategy to reduce postoperative complications among
children with acute malnutrition.

4.5. Strengths and limitations

This study provides the pioneering dataset examining malnu-
trition and postoperative outcomes in children undergoing major
GI surgery in Uganda. Although similar associations between un-
dernutrition and surgical risk have been reported elsewhere, our
study extends this evidence to a Ugandan pediatric GI surgical
cohort and underscores the feasibility of implementing systematic
nutritional screening and perioperative support in such a setting.
These findings may extend beyond gastrointestinal procedures
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and the study setting, as the relationship between wasting,
impaired immunity, and increased susceptibility to infection likely
applies across a broad spectrum of major pediatric surgeries.
Furthermore, undernutrition and barriers to timely surgical care
are common across many LMICs; therefore, the benefits of sys-
tematic nutritional screening, preoperative rehabilitation, and
structured perioperative feeding protocols may be generalizable to
comparable resource-limited contexts.

This retrospective, single-center study cannot establish cau-
sality, and the findings should therefore be interpreted as associ-
ations. The modelling strategy may have resulted in residual
confounding and unstable estimates due to the small number of
events. A limited events-per-variable ratio may have contributed
to reduced power and unstable estimates, as reflected in wide
confidence intervals. Some patients traveled internationally for
surgery, potentially introducing selection bias. Nutritional reha-
bilitation was defined as >3 consecutive days of therapy; however,
this metric does not capture adequacy, timing, or adherence of
nutritional support. Retrospective grading of complications may
have led to underestimation of lower-grade events due to
incomplete or inconsistent documentation. Long-term outcomes,
including readmissions and postdischarge survival, were not
assessed, and complications occurring after discharge may have
been incompletely captured. Although clinical variables were
included in the analyses, residual confounding related to disease
severity, intercurrent infection at admission, socioeconomic con-
ditions, and feeding practices cannot be excluded. Anthropometric
measurements, particularly in critically ill children, may also be
subject to observer-dependent variability. While sensitivity ana-
lyses addressed potential confounding by surgical indication and
timing, residual confounding may persist.

5. Conclusion

Acute malnutrition is associated with an increased risk of
postoperative complications in pediatric abdominal surgery,
whereas chronic malnutrition reflects underlying vulnerability
without directly increasing surgical risk. These findings under-
score the critical role of perioperative nutritional assessment and
targeted intervention. This includes integrating systematic nutri-
tional screening, using MUAC and standard anthropometric as-
sessments, into routine pre-surgical checklists and prioritizing
preoperative nutritional rehabilitation for wasted children when
surgery can be safely deferred. Postoperatively, early enteral
feeding and structured nutritional follow-up should be embedded
into standard care pathways, as these measures may help reduce
morbidity and improve recovery. Future research should test these
targeted interventions, such as preoperative stabilization with
therapeutic feeds and early postoperative supplementation, and
evaluate their impact on complications and recovery trajectories.
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