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“"The youth of Africa are not just the leaders of tomorrow, but the drivers of today. Failing to
invest in their health and well-being risks transforming our greatest demographic asset into an
insurmountable crisis."

— African Union Commission (Adolescent and Youth Health Framework)

Adolescence (ages 10-19) is a vital period of biological, cognitive, and social development. Glob-
ally, over 1.8 billion youth aged 10-24 exist, with 90% living in low- and middle-income countries
(1). In Ethiopia, adolescents and youth comprise over one-third of the population, forming the pri-
mary demographic driver of the nation's future (2). Despite this, adolescent health has historically
been secondary to early childhood mortality and adult disease burdens (3). Re-centering focus on
this age group provides a crucial second window of opportunity to consolidate child survival
gains, prevent adult chronic disease, and yield a triple dividend for adolescents today, their future

adult lives, and subsequent generations (1).

The epidemiology of adolescent health in Ethiopia is rapidly evolving. Alongside persistent sexual
and reproductive health challenges—such as early marriage, teenage pregnancy, maternal morbidi-
ty, and HIV (4)—new threats are emerging. Social media misuse, depression, anxiety, self-harm,
and substance abuse are rising due to rapid urbanization and digital exposure (5). Concurrently,
adolescents face a double burden of malnutrition, where stunting and micronutrient deficiencies
coexist with non-communicable disease risk factors (6). Despite these expanding risks, primary
care infrastructure remains oriented around acute pediatric infections or adult clinical care, lacking

tailored adolescent pathways.

Furthermore, in conflict-affected regions across Ethiopia, protracted violence and climate shocks
have caused severe internal displacement, service disruption, and rising school dropouts (7). This
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instability severely escalates gender-based risks—exposing adolescent girls to sexual violence,
abuse, early pregnancy, and forced marriage, while stripping away psychosocial and reproductive
care (8). By disrupting community structures and schooling, conflict undermines safe transitions
to adulthood (7,8). Consequently, national health strategies must move beyond peaceful-context
assumptions to embed trauma-informed care, gender-responsive protection, and health-education

linkages into humanitarian responses.

Advancing adolescent health requires addressing key systemic barriers, such as non-disaggregated
age data, scarce funding, and provider biases (4,6). However, significant opportunities exist. Ethi-
opia’s expanding primary healthcare network, rising youth digital engagement, and multi-sectoral
policy momentum provide a strong platform for reform (2). Broadening health services beyond
reproductive care to encompass mental health, nutrition, injury prevention, and non-communicable

disease screening offers a comprehensive model suitable for urban and rural settings.

Achieving this vision requires coordinated action across the health ecosystem. The Ministry of
Health and Regional Health Bureaus must lead structural integration through disaggregated met-
rics, sustainable financing, and inter-ministerial alignment (2,6). Academic institutions should
evaluate cost-effective delivery models and integrate adolescent health into health professions cur-
ricula (3,5). Development partners must align funding behind national frameworks, while the pri-

vate health sector should expand confidential, standardized care in urban centers.

The Ethiopian Pediatric Society (EPS) and the Ethiopian Journal of Pediatrics and Child Health
(EJPCH) hold a clear mandate to lead this movement (9,10). Pediatricians are uniquely positioned
to manage health across the developmental continuum and establish formal transition protocols for
adolescents with chronic illness into adult care. EPS must leverage its position to guide policy,
lead continuing professional education, and foster specialized training (9). Simultaneously, EJPCH
provides the necessary platform to generate, review, and disseminate regional research that direct-

ly informs practice and policy (10).

Ultimately, the future of adolescent health in Ethiopia depends on shifting from isolated interven-
tions to integrated, system-wide care delivery. Prioritizing youth well-being during this demo-
graphic shift will determine whether Ethiopia realizes a powerful demographic dividend or faces
widening health inequities. Through sustained political commitment, multi-sectoral partnership,
and active association leadership, Ethiopia can build a resilient health system that empowers its

adolescent population to reach their full potential.
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Abstract

Background : Metabolic bone disease (MBD) in children with chronic kidney disease (CKD) is
associated with high morbidity and mortality, and it has been reported that it starts early in the
course of the disease and worsens as the kidney damage progresses. Therefore, we aimed to de-
termine the magnitude and pattern of mineral bone disease among patients with chronic kidney

disease on follow-up at the pediatric renal clinic of Tikur Anbessa Specialized Hospital in Addis
Ababa.

Methods: An institution-based cross-sectional study with retrospective data collection was con-
ducted on 86 children with CKD from stages I to 5. The study was conducted at Tikur Anbessa
Specialized Hospital, Department of Pediatrics and Child Health, renal unit, from September
2024 to February 2025. Blood levels of Ca, P, PTH, alkaline phosphatase, and 25-
Hydroxyvitamin D (25 OHD) were checked from patient records, and the prevalence of MBD ac-
cording to the stages of CKD was assessed.

Results: The age range is from 6 months to 15 years, including 53 males and 33 females, with a
male-to-female ratio of 1.6:1. The prevalence of hypocalcemia increased with CKD stages:
12.2%, 36.8%, and 71.3% for stages 3, 4, and 5, respectively. Similarly, hyperphosphatemia was
observed in 24.4%, 21.1%, and 42.9% of patients across stages 3, 4, and 5. The prevalence of
hyperparathyroidism was 79.3%, 86.7%, and 100% at stages 3, 4, and 5. The prevalence of high
total alkaline phosphatase increased from 4% to 21.1% and 28.6% across those stages. Similar-
ly, the prevalence of low 25-OHD rose significantly with increasing CKD stage: 71.1%, 73.7%,
and 100% at stages 3, 4, and 5.

Citation : Asmare W., Shimelis D., Mineral bone disorders in children with chronic kidney disease in a teaching
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Conclusion: The results demonstrated that mineral bone disorders are common in Ethiopian

children with CKD in a single facility, beginning in the early stages and worsening as the dis-

ease progresses.

Keywords: CKD, MBD, Hyperparathyroidism, Hyperphosphatemia, Hypocalcemia.

Background

Mineral bone disease in children with CKD is
a multisystemic disorder of bone mineral me-
tabolism caused by CKD. It can manifest with
one or multiple abnormalities, such as electro-
lyte abnormalities (calcium and phosphorus
deficiency), vitamin D deficiency, growth de-
ficiency, bone fractures, and extra-skeletal
calcification (1). Mineral homeostasis gradu-
ally deteriorates with declining kidney func-
tion, which leads to abnormal serum and tis-
sue calcium and phosphorus levels, and hor-
monal imbalances in the circulation. These
include, fibroblast growth factor-23 (FGF-23),
(iPTH), 1, 25-
dihydroxyvitamin D, and other vitamin D me-
tabolites (2). Impaired 25(OH) D conversion
to 1, 25(OH) 2 D reduces intestinal calcium

parathyroid  hormone

absorption and increases 1IPTH. In the early
stages of CKD, FGF-23 starts to increase,
causing a reduction in phosphate excretion by
the kidneys, inhibiting 1a-hydroxylase activi-
ty and, as a result, reducing the active form of
Vitamin D. The kidneys do not react appropri-
ately to FGF-23 activity or to PTH, which or-
dinarily encourages phosphaturia and calcium

absorption (3).

Chronic kidney disease (CKD) mineral bone

disorder is caused by renal insufficiency,

which is linked to secondary hyperparathyroid-

ism. This includes phosphorus retention
(hyperphosphatemia) as the renal glomerular
filtration rate decreases and a decline in calcit-
riol levels occurs due to a decrease in the met-

abolically active renal mass (4).

It is well known that patients with CKD stages
3a to 5 experience higher fracture rates than
the general population. Additionally, incident
hip fractures are linked to significant morbidity

and mortality (5).

The kidneys' ability to remove phosphorus de-
clines starting in stage 3 of CKD, leading to
increased 1PTH and phosphorus levels, as well
as decreased 1,25 (OH)2D levels, which are
associated with higher FGF-23 levels. Calcium
absorption in the intestine decreases due to im-
paired conversion of 25 (OH) D to 1,25 (OH)
2D (6,7).

This study aimed to assess the magnitude and
patterns of CKD-MBD among pre-dialysis pe-
diatric CKD patients at Tikur Anbessa Special-
ized Hospital in Addis Ababa, Ethiopia.

Materials and Methods

Study design and period: Institution-based,
cross-sectional study design with retrospective
data collection was employed from September
2024 to February 2025.
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Study Area: The study site was Tikur
Anbessa Specialized Hospital (TASH) in Ad-
dis Ababa, Ethiopia. TASH is one of the old-
est and largest referral and teaching hospitals
in Ethiopia, affiliated with Addis Ababa Uni-
versity, with over 700 beds. It offers 17 spe-
cialty programs and numerous subspecialty
programs, including the pediatric kidney sub-
specialty. This program provides training and
services for referral cases from across Ethio-
pia. It offers inpatient and outpatient care for

children with various kidney conditions.

All children who had

follow-up at Tikur Anbessa Specialized Hos-

Source population:

pital pediatric renal clinic in 2024/25.

Study population: all eligible children with
CKD who have follow-up at Tikur Anbessa
Specialized Hospital pediatric renal clinic in
2024.

Sample size determination and Sampling
procedure: Sample size was calculated based
on a single-sample size estimation with a
95% confidence interval and a margin of error
of 5%. P< 0.05 was considered statistically
significant. Prevalence of mineral bone dis-
ease was taken as 69.1% and the sample size
was 381, and by adding a 10% non-response
rate, the total sample size was 420. Since the
total population was less than 10,000, the ad-

justed sample size became 88.

Sampling technique: A convenience sam-
pling technique was employed to select the

sample population from the target /source.

Inclusion and exclusion criteria: All records
of CKD patients at the pediatric renal follow-
up clinic of TASH, except those with primary
bone disease or traumatic fractures in the last 6
months and who were on prolonged steroid

therapy, were included.
Study variables

Independent variables: Age, sex, duration of
illness, Weight, Height

Dependent variables: Serum ALP, Ca, P, Vit-
amin D3 level, parathyroid hormone level
(iPTH), and bone fracture with CKD.

Data collection technique

A pre-tested structured checklist was used to
gather data. The checklist was adapted from
various sources in the literature and modified
to fit this study’s variables and goals. The
checklist was prepared in English. Data was
collected by trained data collectors trained on

the data collection tools.
Data quality control

A structured, validated, and reliable adapted
questionnaire was used to collect data; training
for data collectors and supervisors lasted half a
day. To ensure the quality of the data collection
tool, a pre-test was conducted on 5% of the to-
tal calculated sample size before the actual data
collection. The questionnaire was checked for
clarity, understandability, and simplicity. After
the pre-test, the questionnaires were reviewed
the feedback

and comments from senior nephrologists. The

and reformatted based on
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completed questionnaires were checked for
completeness to maintain data quality. Both
the principal investigator and supervisors
were responsible for on-site supportive super-
vision and for reviewing all completed ques-

tionnaires daily.
Data processing and analysis

The data was checked for completeness and
consistency. The data were coded and entered
into EpiData for cleaning, then transferred to
SPSS version 25 for further analysis. Contin-
uous variables are presented as median and
mean + standard deviation. The level of each
variable according to the stage of CKD was
compared with Kruskal-Wallis test. The rela-
tionship between each variable to the stage of
CKD was assessed by using ANOVA. Final-
ly, the data was processed both descriptively
and analytically. Statistical significance was

considered when P<0.05.

Descriptive statistics, including frequencies,
percentages, tables were used to present the

study's results.
Operational definitions

Chronic Kidney Disease (CKD): Is defined
as abnormalities of kidney structure or func-
tion, present for > 3 months, with health im-
plications. CKD is classified based on Cause
and GFR category (G1-G5)

e Stage 1: GFR > 90 mL/min/1.73 m? with

evidence of kidney damage

o Stage 2: GFR 60-89 mL/min/1.73 m? with

evidence of kidney damage
o Stage 3a: GFR 45-59 mL/min/1.73m2
o Stage 3b: GFR 30-44 mL/min/1.73m2
e Stage 4: GFR 15-29 mL/min/1.73 m?

e Stage 5: GFR < 15 mL/min/1.73 m? or on
dialysis

Biochemical Mineral and Bone Disorder
(MBD) in CKD is a systemic disorder of min-
eral and bone metabolism due to CKD, mani-

fested by one or a combination of the follow-
ing (6):
e Hypocalcemia and hypercalcemia: Defined

as serum-corrected total calcium levels <

8.8 mg/dl and > 10.8 mg/dl, respectively.

o Hyperparathyroidism  was
based on CKD stage: serum iPTH > 70 pg/
ml for CKD stages 1 through 3, > 110 pg/
ml for CKD stage 4, and > 300 pg/ml for
CKD stage 5

categorized

e Vitamin D deficiency was defined as 25-
hydroxyvitamin D < 30 ng/ml and 1,25-
dihydroxyvitamin D < 60 ng/ml

o Hyperphosphatemia was determined ac-
cording to age-specific normal phosphate
levels: serum phosphate > 8.2 mg/dl (0-5
days), > 7.35 mg/dl (6 days to <l year), >
6.5 mg/dl (1-3 years), > 5.6 mg/dl (4-11
years), > 5.4 mg/dl (1215 years), and >
4.7 mg/dl (1619 years) (12).
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Results

There were 53 males out of 86 CKD patients
(61.6%), with a male-to-female ratio of 1.6:1.
The majority of children, 34 out of 86
(39.5%), were between five to ten years old,
while 27 out of 86 (31.4%) were less than
five years of age. Among children under five
years with CKD, 17 out of 27 (62.9.2%) had
stage III CKD, while 29.4% of children aged
five to ten years had stage IV CKD. Their
gender was statistically associated with their
CKD stage, as shown in Table 1, with a P-
value of 0.049.
(87.2%) had congenital anomalies of the kid-
ney and urinary tract (CAKUT).

Among all patients, 75

Table 2 displays the distribution and patterns
of mineral bone disease across different CKD
stages. Regardless of the CKD stage, the

mean serum calcium level remained within

the normal range, though it showed significant
variation between stages (p-value=0.004). Se-
rum iPTH levels steadily increased as CKD
progressed from stage 3 to stage 5 and the var-
iation was statistically significant (P = 0.019),
and the mean serum phosphate levels (mg/dl)
were 4.7, 5.2, 4.9, and 6.3 in CKD stages 3a,
3b, 4, and 5, respectively and the variation was
statistically significant (P=0.016). The median
value of iPTH is higher than mean value in
different CKD stages because of the high vari-
ability of the results. Similarly, as CKD ad-
vanced from stage 3 to stage 5, 25-
dihydroxyvitamin D3 levels declined, although
this difference was not statistically significant
(P=0.549). Serum alkaline phosphatase level
increased as the CKD stage progresses from
stage 1 to 5 and this was statistically signifi-

cant (P=0.022)
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Table 1: Demographic characteristics of pediatric patients attending the pediatric kidney clinic of
TASH with respect to the stage of CKD, Addis Ababa, Ethiopia

Variable Stagel  Stage Il Stage Stage I1Ib Stage IV StageV ~ P-
I11a value

Age in years

<5 0 5(35.7%) 11 6 (37.5%) 5(263%) 0

5-10 3(60%) 3(21.4%) 7(28%) 6(37.5%) 10 5 0.267
(52.6%) (71.1%)

>10 2 (40%) 6(42.9%) 7(28%) 4(25%) 4(21.1%) 2

Patient number 5 14 25 16 19 7 0.241

mean+ SD 8.4+4.6 8+4.35 7+4.54 7.1+4.29 6.9+4.0 8.7+£2.43

Median (min- 5 (5-14) 10(2-14) 5(1-17) 6.5(1-13)  7(1-15)  8(6-12)

Duration of CKD
Patient number 5 14 25 16 19 7 0.576
mean+ SD 2.6+0.8 44298 2.8+1.84 2.94+1.53 3+2.38 3.7+£2.06
Median (min- 2(2-4) 3(1-10) 2 (1-8) 3 (1-6) 2 (1-10) 4 (1-6)
max)
Sex
Male 3(60%) 12 16 11(68.8%) 10 1
(85.7%) (64%) (52.6%) (14.3%)
Female 2 (40%) 2(14.3%) 9(36%) 5(31.3%) 9(47.4%) 6 0.049
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Table 2. The distribution of laboratory mineral bone disorder with respect to the stage of CKD in
patients attending the pediatric renal clinic of TASH, Addis Ababa, Ethiopia

Variable Stage 1 Stage II  Stage IIla  Stage StagelV StageV P-
IIIb value
Serum calcium mg/dl
Patient number 5 14 25 16 19 7 0.004
mean+ SD 7.56+1.03  9.53+0.80 9.28+1.04 9.3+0. 9.54+1.1 7.7£1.66
60
Median (min-  9(4-10) 9.7(8 -11)  9(6-11) 98-  8.9(6.1-  8(5-10)
max) 10) 10.1)
Serum phosphates (mg/dl)
Patient number 5 14 25 16 19 7 0.016
meant SD 4.1+0.61 4.6+£10.3  4.7+1.05 52+0. 4.9+01.26 6.3+£2.36
88
Median (min-  4(3.2-4.9)  4.352.8- 4.7(3-6.7)  532- 4.9(3-7.6) 5.1(4.6-
max) 6.1) 6.6) 11.1)
Serum intact parathyroid hormone (pg/ml)
Patient number  No data 3 16 13 15 6 0.019
mean+ SD No data 91.7£67.1 182.5£227.1 1089+ 265.6+266 504.8+32
65.9 2 1.3
Median (min- No data 120(15- 114.5(58.3-  112(32 176(32- 577(112-
max) 140) 973) -246)  1067) 918)
Serum 25 hydroxyvitamin D3 (ng/ml)
Patient number 2 9 23 15 19 6 0.549
mean+ SD 34+26.8 27£11.62 25.3+£16.75  25.4+1 21.3+£14.2 15.9+£2.59
5.37
Median (min- 34(15-53)  30.9(13-  19.9(4-87) 19.6 16(9-67) 16.4(11-
max) 48) (8.1- 18)
67)
Serum Alkaline phosphate (IU/L)
Patient number 5 14 25 16 19 7 0.022
mean+ SD 248.6+44.8 325.8+10 294.2499.4  322.6+ 356.4+131 420.7+53.
4 2 68.1 3 2
Median (min- 256(205- 312(188-  306(82-528) 316 324(170- 415(352-
max) 316) 645) (215-  721) 529)
436)
Serum creatinine (mg/dl)
Patient number 5 14 25 16 19 7 0.001
mean+ SD 3.4+0.65 0.69+£0.17 1.18+0.85 1.04+0 1.9+0.47 6.64+6.18
32
Median (min-  0.5(0.2- 0.7(0.4-  1(0.6-5.1)  1(0.6- 2(1.2-2.6)  4.4(0.5-
max) 15.1) 0.9) 1.8) 17)
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Table 3 shows the prevalence of MBD in rela-
tion to the stage of CKD and the treatments
administered. Dialysis was done for 4 patients,
2 patients had fracture history and 4 patients
had bone pain. In our study, 83% of patients
developed hyperparathyroidism, 23% hy-
pocalcemia, and 24.4% hyperphosphatemia.
Among mineral bone abnormalities, hy-
perparathyroidism was the most commonly
observed. The prevalence of hypocalcemia

was not statistically significant, but it tends to

increase in patients with advanced stages of

CKD (20%, 14.3%, 16%, 6.3%, 36.8%, and
71.3% at CKD stages 1, 2, 3a, 3b, 4, and 5,
respectively; P = 0.049). Furthermore, the
prevalence of hyperparathyroidism and vita-
min D deficiency significantly increased from
3ato 5 CKD stages (P = 0.012 and 0.007 re-
spectively) which is statistically significant.
Though 6/86 patients had muscle weakness the
magnitude increased as the stage of CKD in-
creased from 3a to 5 (P=001). Overall, 69.80%
of patients had MBD.
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Table 3: Prevalence of MBD with respect to the stage of CKD and treatments given in patients
who were on follow-up at the pediatric renal clinic of TASH, Addis Ababa, Ethiopia

Variable Stage I Stage Il  Stage Stage Stage Stage V P-
JIIE] IIIb 1V value
Hypocalcemia 1/5 2/14 4/25 1/16 7/19 5/7 0.049
0 S () I .07 I
20%)  (143%)  (16%)  (63%) (36.8%)  (71.3%)
Hypercalcemia 0 1/14 2/25 0 0 0
(7.1%) (8%)
Hyperphosphatemia 0 4/14 5/25 5/16 4/19 3/7 0.575
(28.6%)  (20%)  (31.3%) (21.1%)  (42.9%)
hyperparathyroid- no data 2/3 14/16 9/13 13/15 6/6(100%) 0.012
ism (66.7%)  (87.5%)  (69%)  (86.7%)
Vitamin D deficien- 1/2 4/9 17/23 10/15 14/19  6/6(100%) 0.007
cy (50%)  (44.4%) (73.9%) (66.7%) (73.7%)
High alkaline phos-  no data 1/14 1/25 0 4/19 2/7 0.099
phate (7.1%) (4%) Q1.1%)  (28.6%)
Muscle weakness
Yes 0 0 3(12%) 0 2 4(57.1%)
(10.5%)
No 5(6.5%) 14 22(88%) 16 17 3(42.9%) 0.001
(18.2%) (100%)  (89.5%)
Treatments
Phosphate binder
Yes 0 0 28%)  4(25%) 1(53%) 2(28.6%) 0.110
No 5(100%) 14(100%) 23(92%) 12(75%) 18 5(71.4%)
(94.7%)
Vitamin D analogs
Yes 1(20%)  4(28.6%) 17(68%) 10 15 6(85.7%) 0.012
(62.5%)  (78.9%)
No 4(80%) 10 8(32%)  6(37.5%) 4 1(14.3%)
(71.4%) (12.1%)
Low phosphate diet
Yes 0 1(7.1%)  4(16%)  6(37.5%) 5 4(57.1%)  0.057
(26.3%)
No 5(100%) 13 21(84%) 10 14 3(42.9)
(92.9%) (62.5%)  (73.7%)
Calcium supplements
Yes 1(20%)  4(28.6%) 13(52%) 10 13 5(71.4%) 0.113
(62.5%)  (68.4%)
No 4(80%) 10 12(48%)  6(37.5%) 6 2(28.6%)
(71.4%) (31.6%)
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Discussion

MBD is a significant complication that requires
careful monitoring in pediatric patients with
CKD. In our study, 53 out of 86 (61.6%) par-
ticipants were boys, with a male-to-female ratio
of 1.6:1, similar to previous studies in children,
as congenital urologic abnormalities are more
common in boys (9,10). The median serum cal-
cium concentration remained fairly stable
across different CKD stages, except in cases of
end-stage renal disease, where it measured 9,
9.7, 9, 8.9, and 8 from stage 1 to stage 5, re-
spectively. The consistent serum calcium levels
until the eGFR dropped below 15 ml/min/1.73
m? align with findings from a previous study on
pediatric CKD patients, reporting values of 9.2,
9.3, 9.3, 9.3, 9.5, and 9.6 from stages 1 to 5,
respectively (11,12). In our study, the preva-
lence of hypocalcemia was 23%, slightly high-
er than the 16% reported in a study from Ko-
rea. (13).
pocalcemia in 21.5%, 33.9%, and 48.9% of
CKD stage 3, 4, and 5 cases, respectively (3).

A study from India observed hy-

In our setting, the prevalence was 12.1%,
36.8%, and 71% in stages 3, 4, and 5, respec-
tively. The higher prevalence of hypocalcemia
in our setup may be due to lower dietary calci-
um intake, fewer prescriptions of calcium sup-
plementation, and patients presenting later to

the clinic.

However, when analyzing the proportions of
patients with hypercalcemia and hypocalcemia

separately, both show an increasing trend

across CKD stages, with hypocalcemia being
more common. This finding aligns with re-
search in adult CKD, where hypocalcemia
usually appears in the later stages (6,7) due to

increased iPTH levels starting from stage 3.

In our study, hyperphosphatemia was ob-
served in 23.8%, 21%, and 42% of cases in
CKD stages 3, 4, and 5, respectively, which
aligns with findings from a Korean cohort
study (hyperphosphatemia: 17.39%, 23.68%,
and 41.18% in CKD stages 3-5, respectively)
single-center study in India
(hyperphosphatemia: 13.8%, 26.4%, and
63.4% in CKD stages 3, 4, and 5, respectively

and a

(3). Another cross-sectional study by Behra
T.R et al. from India showed serum phos-
phate levels of 11.1%, 25.5%, and 63% from
stages 3 to 5, respectively, which is similar to
our findings (13). Our cross-sectional study
highlighted an inverse relationship between
serum phosphate levels and eGFR, with the
highest serum phosphate levels seen in stage
5 CKD. The higher median phosphate levels
in advanced CKD stages might be influenced
by differences in age distribution, which af-
fect baseline phosphate levels, as well as the

smaller sample size in stage 5 CKD.

In our study, the median iPTH level increased
significantly with advancing CKD stages,
particularly in stages 4 and 5, which aligns
with established data on hyperparathyroidism
in CKD stages 45 from Indian and Korean

groups (11,13). However, the prevalence of
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hyperparathyroidism was high across CKD
stages 2 to 5, recorded at 66.7%, 87.5%, 69%,
86.7%, and 100% in stages 2, 3a, 3b, 4, and 5,
respectively. These results are also similar to a
study by Borisa K.D. in India, where hy-
perparathyroidism was seen in 66% of CKD
stage 4 patients and 89.4% of CKD stage 5
patients, as well as another Indian study by
Behra T.R. et al (3, 13).

However, in the Korean cohort, parathyroid
hormone levels increased from CKD stages 1
through 3b and remained stable in stages 4 and
5 (11). In our study, no iPTH samples were
collected for stage 1 CKD, which resulted in
the lowest recorded value. A study on adult
patients in Tanzania who were on maintenance
hemodialysis, with some not on dialysis,
showed a progressive increase in iPTH levels
as kidney disease advanced (12). The highest
prevalence in stage 5 CKD may be due to the
smaller sample size and the fact that iPTH was
measured for all stage 5 patients at a late stage
of presentation. Two adult studies from Nige-
ria on non-dialytic CKD patients, as well as
studies on hemodialysis patients from Lahore
and South Africa, showed a high prevalence of
mineral bone disease as the disease progressed
(11, 15, 16). Another adult study in South Af-
rica indicated a higher prevalence of mineral
bone disease in Black patients compared to
White patients at a younger age, with higher
median levels of iPTH and vitamin D (17).

Studies have shown that CKD is linked to low
levels of 25(OH) vitamin D, decreased 1,25

(OH): vitamin D (calcitriol), and vitamin D
resistance (10). In our study, serum 25-
hydroxy vitamin D deficiency remained high
across all stages of CKD (>44.4% in each
stage), with its prevalence increasing as the
disease progressed. Low 25(OH)D3 levels
were found in 70.2% of patients, similar to
the 73.6% reported in a study conducted at a
teaching hospital in central India (3). Howev-
er, this prevalence is lower than the 88% re-
ported by Moorani K.N. et al. in children with
CKD in Pakistan (10). Another study by Kari
J.A., et al. in children with CKD in Saudi
Arabia showed 45% of their CKD patients
had vitamin D insufficiency, 30% vitamin D
deficiency, and 12.5% had severe deficiency.
Their study also indicated a positive correla-
tion between low vitamin D levels and the
stage of CKD, which aligns with our findings
(18).

However, these results are significantly high-
er compared to international data. Stein D. R.
et al. reported that among 100 American chil-
dren with CKD, 16% were deficient in 25
(OH) D (<20 ng/mL), 24% were insufficient
(<30 ng/mL), and 40% had suboptimal levels
(9). The higher prevalence of vitamin D defi-
ciency in CKD patients in our setting may be
due to additional factors such as primary mal-
nutrition and limited access to timely and ac-

cessible healthcare facilities.

Elevated total ALP levels suggest high-
turnover bone disease and should be interpret-

ed within the proper clinical context. . In this
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study, elevated ALP was observed in 21.1% of
patients with CKD stage 4 and in 28.6% of
patients with stage 5. Conversely, only two
patients in stages 1 to 3 had increased ALP
levels in our setting. KDIGO guidelines rec-
ommend managing mineral and bone disorder
(MBD) based on trends in biochemical param-
eters rather than isolated abnormalities (8). An
Indian study reported raised ALP levels in
5.9% and 45.7% of patients with CKD stages
4 and 5, respectively (3), and it shared similar-
ities with our study, as both observed the high-
est ALP levels at end-stage renal disease. A
Senegalese study by Seck S.M.
Nigerian study by Abdu A. et al. on adult

et al. and a

CKD patients, along with similar research,
showed a high prevalence of mineral bone dis-
ease and recommended early dialysis and
medical treatment to prevent complications
(19-21). This Ethiopian study in pre-dialytic
pediatric CKD patients contributes to filling
the gap in the knowledge and development of
contextualized management
CKD-MBD.

guideline for

This study has some limitations because it is a
single-center study, no assessment of dietary
intake or socioeconomic factors, and small
sample size for advanced stages. but the re-
sults could be extrapolated to similar institu-

tions in Sub-Saharan Africa.
Conclusion and recommendation
We observed that low 25(OH)D levels, hy-

perparathyroidism, and hyperphosphatemia

were key indicators of CKD-MBD in our
patients. Mineral bone disorders are com-
mon in CKD and begin early, worsening as
the disease advances, which increases mor-
bidity and decreases quality of life. This em-
phasizes the importance of early detection
and the development of management strate-
gies to prevent progression, ultimately re-
ducing morbidity and mortality. Patients
with CKD should have regular assessments
of phosphate, calcium, and iPTH levels to
enable early diagnosis and treatment of met-

abolic bone disease.
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Abstract

Background : Maternal health literacy may influence preventive behaviours and service use in
underserved settings. Evidence from eastern Indonesia is limited. We evaluated whether a Com-
munity Interprofessional Collaboration Package (CIPC) improved maternal health literacy and
anaemia prevention knowledge while examining infant and young child feeding (IYCF) and age-

appropriate immunisation.

Methods: This controlled, non-randomized study included 170 participants allocated to interven-
tion (n=100) and control (n=70) areas in Aimas, Southwest Papua, Indonesia. CIPC was deliv-
ered over three weeks through household counselling and Posyandu education by nurses, mid-
wives, nutritionists, and health workers, using adjusted difference-in-differences mixed-effects
models. Maternal health literacy was assessed at baseline, post-intervention, and one-month fol-

low-up, other outcomes were assessed at baseline and one-month follow-up.

Results: At one month, CIPC was associated with an adjusted 11.5-point greater increase in ma-
ternal health literacy (95% CI 6.8—-16.2; p=0.003) and a 2.7-point greater increase in anaemia
prevention knowledge (95% CI 2.1-3.3; p<0.001) than routine care. MDD and MMF showed
complete baseline achievement in both groups, while MAD and immunisation were prevalent,
limiting between-group differentiation and adjusted estimation. Sensitivity analyses produced
consistent estimates for primary outcomes, while subgroup analyses showed no evidence of effect

modification by education, parity, or socioeconomic status.

Conclusions: CIPC was associated with improvements in maternal health literacy and anemia
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prevention knowledge. Limited changes in IYCF and immunisation suggest that complex behav-

ioural outcomes may require longer intervention exposure and stronger household and health-

system support. Quasi-experimental or cluster-randomized studies with more clusters, longer

follow-up, and objective outcomes can assess sustained effectiveness.

Keywords: Health Literacy; Maternal Health Services, Health Education, Interprofessional Re-

lations; Community Health Workers .

Introduction

Maternal and child health remains a major
public health priority because conditions dur-
ing pregnancy and early childhood shape
health, development, and health-related be-
haviours across the life course. Indonesia has
achieved substantial progress in maternal and
child health, yet geographic and socioeconom-
ic inequalities persist, particularly in eastern
regions where access to essential maternal
health services remains comparatively con-
strained. Women living in Papua and other
disadvantaged settings have lower antenatal
care utilisation than women in several other
Indonesian regions, while socioeconomic dis-
advantage further increases the likelihood of

inadequate service utilisation.(1,2)

Maternal health literacy (MHL) may provide
an important pathway through which women
obtain, understand, appraise, and apply health
information during pregnancy and early moth-
erhood. Recent evidence associates MHL with
maternal self-care and suggests potential links
with infant and early childhood outcomes
through maternal decision-making, preventive

behaviours, and health service utilisation.(3,4)
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However, evidence remains limited by hetero-
geneous measures, predominantly observation-
al study designs, and low certainty regarding
causal relationships, indicating the need for
interventions that directly strengthen maternal
health literacy.(4)

MHL is

knowledge but also by education, socioeco-

shaped not only by individual

nomic conditions, social support, and the or-
ganisation of health services. Evidence among
postpartum women indicates that social sup-
port and household income predict maternal
health literacy, whereas studies among preg-
nant women show that limited health literacy
is more common among women experiencing
socioeconomic disadvantage.(5,6) These find-
ings suggest that interventions focused solely
on information transfer may be insufficient
when women face interpersonal, socioeconom-
ic, and health-system barriers to accessing and

applying health information.

Structured and accessible models of care may
strengthen MHL by combining health infor-
mation with opportunities for interaction, em-
powerment, and continued support. A cluster

randomised trial in Ghana demonstrated
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greater improvement in MHL among women
receiving group antenatal care than among
those receiving routine individual antenatal
care, while systematic review evidence em-
phasises women’s empowerment, midwives’
capacity, and health-literate health systems as
important  intervention = components.(7,8)
Community-based health education may also
increase maternal health service utilisation,
although variation across stages of care sug-
gests that intervention intensity, continuity,
and delivery mechanisms may influence out-

comes.(9)

Interprofessional collaboration may strength-
en these approaches because maternal and
child health needs span clinical care, health
education, community engagement, nutrition,
preventive services, and referral coordination.
Integration of community health workers with
nurse-midwives can combine professional
clinical expertise with community-level ac-
cess, while interprofessional teamwork em-
phasises shared responsibilities, interdepend-
ence, communication, and coordinated goals.
(10,11) In Indonesia, community health work-
ers provide an important link between fami-
lies and primary healthcare services through
household visits, community communication,
and maternal-child health surveillance, alt-
hough variation in capacity and reporting

practices may limit service consistency.(12)

Improving MHL may also influence maternal

knowledge and behaviours relevant to anae-

279

mia prevention and child nutrition. Maternal
knowledge has been associated with pregnancy
self-care and behaviours related to anaemia
prevention, while evidence from Indonesia
links maternal anaemia knowledge with select-
ed behaviours involving iron supplementation
and child nutrition.(3,13) Similarly, infant and
young child feeding practices are influenced
by maternal education, household socioeco-
nomic conditions, child age, information ac-
cess, and other structural factors, indicating
that information provision alone may not pro-

duce immediate behavioural change.(14,15)

Child preventive care provides additional do-
mains through which an integrated community
intervention may be evaluated. Indonesian evi-
dence demonstrates substantial geographic and
socioeconomic inequalities in childhood im-
munisation, with lower coverage associated
with disadvantaged regions, lower maternal
education, poorer households, and limited uti-
lisation of maternal health services.(16) Evi-
dence from low- and middle-income countries
further indicates that improving immunisation
requires coordinated strategies addressing
caregiver health literacy alongside service ac-
cess, outreach, reminder systems, and delivery

barriers.(17)

Despite growing evidence for individual strate-
gies, limited research has evaluated an inte-
grated community-based interprofessional
model that simultaneously addresses maternal

health literacy, anaemia prevention knowledge,
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infant and young child feeding, and immun-
isation. Existing studies have largely exam-
ined group antenatal care, maternal education,
midwife-led interventions, community health
individual child

health outcomes rather than evaluating these

worker programmes, or

interconnected domains within a single coor-
dinated intervention, particularly in under-
served eastern Indonesian settings.(2,8,12)
Therefore, this study evaluated the effective-
ness of a Community Interprofessional Col-
laboration Package (CIPC) in strengthening
maternal health literacy and anaemia preven-
tion knowledge as primary outcomes, while
examining infant and young child feeding
practices and age-appropriate immunisation
as complementary child health outcomes
among women and caregivers in an under-

served setting in eastern Indonesia.
Methods
Study design and setting

This controlled, non-randomized, community
-based pre-post study used repeated measure-
ments to evaluate the Community Interprofes-
sional Collaboration Package (CIPC) in im-
proving maternal health literacy and selected
The

study allocated participants to intervention or

maternal and child health outcomes.

control groups according to predefined geo-
graphical and operational arrangements estab-
lished before recruitment, rather than individ-
ual or cluster randomization, and accounted

for repeated observations and geographical
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clustering in the analysis. The study followed
the Transparent Reporting of Evaluations with
Nonrandomized Designs (TREND) reporting
framework, with maternal health literacy spec-
ified as the primary outcome and anaemia pre-
vention knowledge, infant and young child
feeding (IYCF), age-appropriate immunisa-
tion, and implementation indicators specified
as secondary or process outcomes. The study
was conducted in Aimas Urban Village, Aimas
District, Sorong Regency, Southwest Papua,
Indonesia, through community-based maternal
and child health services involving Posyandu,
community health workers, and the local Pusk-
esmas. Five neighbourhood administrative
units (rukun warga, RW) served as geograph-
ical intervention and clustering units, with RW
01, RW 02, and RW 06 assigned to the inter-
vention group and RW 03 and RW 04 assigned
to the control group. This geographical alloca-
tion followed existing administrative and Po-
syandu service boundaries and was established
before participant recruitment to support inter-
vention delivery within defined community-

service areas.
Participants and recruitment

The study population comprised pregnant
women and mothers or primary caregivers of
children aged 0-23 months who were regis-

tered through Posyandu and community health

worker records in the selected neighbourhoods.
Pregnant women were eligible during the

second or third trimester, whereas mothers or
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primary caregivers were eligible when they
had a child aged 0-23 months at baseline,
had lived in the study area for at least six
months, and intended to remain there
throughout the study period. Individuals una-
ble to provide informed consent because of
severe cognitive impairment or those plan-
ning to relocate during the study period were
excluded. Potentially eligible participants
were identified from community registers and
assessed during household visits using identi-
cal eligibility and recruitment procedures in
both study groups. Recruitment occurred be-
fore intervention implementation, and written
informed consent was obtained before base-
line assessment. Of 182 individuals assessed
for eligibility, 170 eligible participants pro-
vided consent and were enrolled in the analyt-
ical dataset, comprising 100 intervention and

70 control participants.

Geographical allocation and contamination

prevention

Random allocation was not used because in-
tervention delivery within the same commu-
nity could increase information spillover
through shared Posyandu activities, commu-
nity health workers, household networks, and
routine social interactions. The three interven-
tion neighbourhoods received CIPC in addi-
tion to routine services, whereas the two con-
trol neighbourhoods continued routine mater-
nal and child health services without the struc-

tured CIPC package. Intervention-specific
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materials and educational activities were re-
stricted to intervention areas, and community
health workers received explicit instructions
not to deliver CIPC activities across geograph-
ical boundaries. Supervisors reviewed house-
hold visit records, Posyandu attendance rec-
ords, implementation forms, and scheduled ac-
tivities throughout the intervention period to
identify deviations from assigned service areas.
No joint CIPC educational sessions or planned
cross-cluster intervention activities were con-
ducted. Informal communication between resi-
dents could not be completely prevented and
was therefore recognized as a potential limita-

tion of the non-randomized community design.

Intervention

CIPC was delivered over three consecutive
weeks and comprised two structured house-
hold visits and two Posyandu-based group edu-
cation sessions. The intervention integrated
nurses, midwives, nutritionists, and trained
community health workers to provide coordi-
nated education, counselling, practical demon-
strations, and referral support according to
their respective professional roles. Intervention
content addressed maternal health literacy,
anaemia prevention, breastfeeding, comple-
mentary feeding, dietary diversity, meal fre-
quency, immunisation, growth monitoring,
recognition of child health problems, and ap-
propriate health-service utilisation. Each inter-
vention cluster was supported by one nurse,

one midwife, one nutritionist, and one trained
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community health worker, resulting in 12 in-
tervention team members across the three in-
tervention clusters. Before implementation,
team members received standardized training
in interprofessional communication, role clar-
ification, collaborative counselling, maternal
and child health education, IYCF counselling,
anthropometric procedures, referral coordina-
tion, and ethical conduct using simulation,
case discussion, and role-based exercises.
Standardized intervention materials, house-
hold care plans, and implementation forms
supported consistency across professional dis-

ciplines and intervention clusters.

Household counselling included two struc-
tured visits during the intervention period,
with each visit assessing maternal and child
health needs and providing individualized
counselling. The team addressed antenatal
care, breastfeeding, complementary feeding,
dietary diversity, anaemia prevention, hy-
giene, immunisation, growth monitoring,
recognition of child health problems, and ap-
propriate referral according to a shared house-
hold care plan. Interactive communication en-
couraged participants to identify barriers, ask
questions, and select feasible practices while
maintaining standardized intervention mes-
sages. Two structured Posyandu sessions pro-
vided group-based education using visual ma-
terials, practical demonstrations, locally avail-
able food examples, peer discussion, and
problem-solving activities. Nutrition sessions

addressed breastfeeding, dietary diversity,
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meal frequency, and complementary feeding,
whereas maternal health sessions addressed
anaemia prevention, antenatal care, warning
signs, and appropriate health-service use. Im-
munisation sessions addressed age-appropriate
vaccination, completion of scheduled doses,
identification of missed vaccinations, and link-

age with available health services.

Participants requiring additional assessment or
services were referred to the Puskesmas using
a standardized referral mechanism. Referral
indications included incomplete immunisation,
growth concerns, feeding difficulties, illness
symptoms, maternal anaemia risk, and other
maternal or child health concerns identified
during household assessment. The intervention
team documented referrals and followed up
service access, with referral coordination treat-
ed as an implementation component rather

than an independent intervention outcome.
Control condition

Participants in control areas continued to re-
ceive routine maternal and child health ser-
vices available through the local health system.
Routine services included Posyandu activities,
child weighing, growth monitoring, Kartu
Menuju Sehat recording, routine health educa-
tion, antenatal care, and standard child health
services. Control participants did not receive
structured CIPC household counselling, coor-
dinated multidisciplinary education, interven-
tion-specific practical demonstrations, or CIPC

referral coordination.
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Outcome eligibility and assessment schedule

Outcome eligibility was determined inde-
pendently at each assessment according to
prespecified participant and age criteria. Ma-
ternal health literacy and anaemia prevention
knowledge were assessed among all enrolled
women, whereas IYCF outcomes were as-
sessed among children aged 6—23 months and
age-appropriate immunisation among chil-
dren aged 0-23 months at the corresponding
assessment. Participants who were outside the
applicable age range were classified as not
applicable rather than as having failed the

corresponding outcome.

Maternal health literacy was assessed at base-
line, immediately after intervention comple-
tion, and approximately one month after in-
tervention completion. Anaemia prevention
IYCF

appropriate immunisation were assessed at

knowledge, outcomes, and age-
baseline and approximately one month after
intervention completion. The baseline-to-one-
month comparison constituted the primary
longitudinal comparison, whereas the imme-
diate post-intervention maternal health litera-
cy assessment characterized short-term inter-

vention response.
Primary outcome: Maternal health literacy

Maternal health literacy was the primary out-
come and was assessed using a structured 25-
item instrument adapted for the maternal and
child health setting from selected concepts of

the Health Literacy Questionnaire and the In-
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donesian Maternal and Child Health Hand-
book. The adapted instrument assessed do-
mains related to accessing, understanding, ap-
praising, and applying maternal and child
health information and underwent translation,
expert review, cognitive assessment, and pilot
testing before implementation. Participants
rated each item on a four-point Likert scale,
and total scores were transformed to a 0—100
scale, with higher scores indicating greater ma-
ternal health literacy. The adaptation process
was specific to this study, and psychometric
findings were interpreted for the adapted in-
strument rather than for the original Health
Literacy Questionnaire. The immediate post-
intervention assessment described short-term
change, whereas the one-month assessment
provided the primary follow-up measurement
for longitudinal intervention analysis. No clini-
cal outcome was inferred directly from the ma-

ternal health literacy score.

Secondary outcomes

Maternal anaemia prevention knowledge was
assessed at baseline and one-month follow-up
using a 10-item multiple-choice questionnaire
developed from Indonesian maternal anaemia
prevention guidance and relevant WHO rec-
ommendations. Items covered causes and con-
sequences of anaemia, dietary sources of iron,
factors affecting iron absorption, iron supple-
mentation, and preventive practices, with one
point assigned to each correct response and

a total score ranging from 0 to 10. Content
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validation, pilot testing, and internal con-
the Kuder-

Richardson Formula 20 were completed be-

sistency assessment using
fore implementation. IYCF practices were
assessed among children aged 6-23 months
using a standardized 24-hour dietary recall
conducted by trained enumerators. MDD,
MMF, and MAD were defined according to
the WHO/UNICEF 2021 IYCF

framework, with the applicable breastfeeding,

indicator

dietary diversity, meal frequency, and milk-
feeding criteria used for each indicator. The
assessment represented feeding practices dur-
ing the preceding 24 hours rather than habitu-

al dietary intake.

MDD was defined as consumption of foods
from at least five of eight WHO/UNICEF
food groups during the preceding 24 hours.
MMF was defined according to the child's
age and breastfeeding status, requiring at least
two feeding occasions among breastfed chil-
dren aged 6—8 months, three among breastfed
children aged 9-23 months, and four among
non-breastfed children aged 6-23 months.
MAD was defined as achievement of the ap-
plicable MDD and MMF criteria, with non-
breastfed children additionally required to
receive at least two milk feedings.Age-
appropriate immunisation was assessed
among children aged 0-23 months using the
Indonesian national immunisation schedule
applicable during the study period. Vaccina-

tion records were reviewed using the Buku

284

KIA and other available documentation, with
caregiver reports used as supplementary infor-
mation when documentation was unavailable.
Children were classified as having complete
age-appropriate immunisation when all vac-
cine doses due for their age had been received,
whereas insufficiently documented vaccination

status was classified as incomplete.

Baseline anthropometric measurements were
collected among children aged 0—23 months to
characterize nutritional status and nutritional
vulnerability rather than to assess intervention
effectiveness. Weight, recumbent length, and
mid-upper arm circumference were measured
using standardized procedures and calibrated
equipment, and weight-for-age, length-for-age,
and weight-for-length z-scores were calculated
using WHO Child Growth Standards. Stunting,
underweight, and wasting were classified using
the corresponding WHO anthropometric crite-
ria.

Implementation outcomes

Interprofessional collaboration competency
was assessed among the 12 intervention team
members before and after implementation as a
process indicator. The assessment covered
communication, role clarification, team func-
tioning, and collaborative leadership using a
five-point response scale, with higher scores
indicating greater perceived competency. Be-
cause the assessment involved only interven-
tion team members without a concurrent com-

parison group, these findings were interpreted
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descriptively rather than as independent inter-
vention effects. Intervention fidelity was as-
sessed using standardized implementation
checklists covering household visits, Posyan-
du attendance, counselling adherence, referral
follow-up, anthropometric procedures, super-
visory reviews, and scheduled team meetings.
Fidelity was calculated as the proportion of
completed activities relative to planned activ-
ities, while household counselling duration
was recorded as a continuous implementation
measure. Fidelity indicators described inter-
vention exposure and delivery consistency
and were not treated as causal mediators of

participant outcomes.
Data collection and quality assurance

Baseline data were collected before interven-
tion implementation, followed by outcome
assessments according to the prespecified
schedule. Trained enumerators who were not
involved in intervention delivery conducted
participant interviews, 24-hour dietary recalls,
anthropometric assessments, and immunisa-
tion record verification using standardized
procedures. Outcome assessors were blinded
to group allocation where operationally feasi-
ble, although complete blinding could not be
guaranteed because participants could dis-
close their intervention experiences. Enumer-
ators received standardized training in ques-
tionnaire administration, interviewing, dietary
recall, anthropometric measurement, immun-

isation verification, and data quality proce-
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dures. Supervisors reviewed questionnaire

completeness and implementation records
throughout the study and resolved identified
inconsistencies using predefined procedures. A
unique identification number linked participant
and child records, while identifiable infor-
mation was separated from the analytical da-

taset before statistical analysis.
Sample size

The sample size was determined for the prima-
ry outcome of maternal health literacy using
assumptions for a two-group repeated-
measures comparison. The calculation as-
sumed a moderate standardized effect, a two-
sided alpha level of 0.05, 80% power, and
within-participant correlation. Because the fi-
nal design included five geographical clusters
rather than individual randomization, the po-
tential influence of the small number of clus-
ters was addressed through small-sample sen-
sitivity analyses and cautious interpretation of

statistical precision.
Statistical analysis

Descriptive analyses summarized participant
characteristics and outcome distributions using
means and standard deviations for continuous
variables and frequencies and percentages for
categorical variables. Baseline comparability
was assessed using standardized mean differ-
ences, with values below 0.20 considered in-
dicative of acceptable descriptive balance. Be-

cause allocation was non-randomized, baseline
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balance was interpreted descriptively rather
than as evidence of successful randomization.
The primary outcomes were analyzed using a
difference-in-differences framework compar-
ing changes between intervention and control
groups from baseline to one-month follow-up.
Linear mixed-effects models included fixed
effects for study group, assessment time, and
the group-by-time interaction, with partici-
pant-level random intercepts accounting for
repeated observations. The group-by-time
interaction represented the adjusted DID esti-
mate, and models included maternal educa-
tion, household socioeconomic status, parity,
maternal age, and child age where applicable

as prespecified covariates.

The primary mixed-effects models used Ken-
ward—Roger degrees-of-freedom correction to
improve small-sample inference. GEE models
with Fay—Graubard correction and wild clus-
ter bootstrap inference with 2,000 replications
were used as sensitivity analyses because on-
ly five geographical clusters contributed to
the study. Complete-case and per-protocol
analyses were additionally conducted to as-
sess the robustness of the primary estimates
to missing observations and intervention ex-
MDD, MMF, MAD,

appropriate immunisation were initially speci-

posure. and age-

fied as binary longitudinal outcomes. Com-
plete or near-complete separation, including
100% baseline achievement for MDD and
MMF in both groups, prevented reliable esti-
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mation of adjusted longitudinal logistic models
with group-by-time interactions. These out-
comes were therefore reported descriptively
rather than through unstable regression esti-

mates.

Intracluster correlation coefficients were esti-
mated for the study outcomes to describe with-
in-cluster similarity. Because the analysis in-
cluded only five geographical clusters, ICC
estimates were considered exploratory and
were not interpreted as precise population pa-
rameters. Participants who were ineligible for
an outcome because of age were excluded
from that outcome denominator rather than
coded as non-achievement. Exploratory sub-
group analyses assessed whether the interven-
tion-associated difference in maternal health
literacy varied by educational attainment, pari-
ty, and household socioeconomic status. Sub-
group models used the principal covariate
strategy of the primary analysis where applica-
ble, and interaction terms were used to assess
potential effect modification. These analyses
were prespecified as exploratory and were not
powered specifically to detect subgroup inter-

actions.

All statistical tests were two-sided, with
p<0.05 considered statistically significant for
prespecified inferential analyses. Effect esti-
mates were interpreted together with their con-
fidence intervals, outcome distributions, the
non-randomized allocation, and the small

number of geographical clusters. Statistical



Ethiopian Journal of Pediatrics and Child Health, 2026, 21(3)

ISSN 2413-2640

elSSN 2519-0334 Mustamu et al.

analyses were conducted using Stata and R
statistical software using appropriate proce-
dures for mixed-effects modelling, GEE, and

bootstrap inference.
Ethical considerations

Ethical approval was obtained from the
Health Research Ethics Committee of Pol-
tekkes Kemenkes Sorong before study com-
mencement No. DP.04.03/
F.LIII.13.a./402/2026). Written informed con-

sent was obtained from all participants before

(Reference

baseline data collection, and participation re-
mained voluntary throughout the study. Par-
ticipants could withdraw without affecting
their access to routine maternal or child
health services, while identifiable information
was separated from analytical data and stored
in password-protected institutional systems
accessible only to authorized research person-
nel.The study was conducted in accordance
with the Declaration of Helsinki and applica-
ble Indonesian ethical and research regula-
tions. The study protocol was not prospec-
tively registered in a clinical trial registry or

other publicly accessible research registry.
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This non-registration was reported transparent-

ly as a methodological limitation.
Results
Participant flow and baseline characteristics

A total of 182 individuals were assessed for
eligibility, of whom 170 were enrolled and in-
cluded in the analytical dataset. The interven-
tion group comprised 100 participants, where-
as the control group comprised 70 participants,
with participant flow and outcome-specific
eligibility presented in Figure 1. IYCF out-
comes were assessed among children aged 6—
23 months, whereas age-appropriate immun-
isation was assessed among children aged 0—
23 months. Baseline characteristics were
broadly comparable between groups, with all
observed standardized mean differences below
0.20 (Table 1). Given the non-randomized geo-
graphical allocation, these findings indicate
descriptive comparability rather than success-
ful

related, and child characteristics are presented

randomization. Maternal, pregnancy-
in Table 1 according to their respective eligi-

bility criteria.
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Individuals assessed for eligibility

(n=182)

\ 4

Eligible and enrolled participants

(n=170)

v

Intervention group
(n =100)

v

Baseline assessment
(n =100)

v

One-month follow-up
(n =100)

v

Included in primary
longitudinal analysis
(n=100)

\4

Control group
(n=70)

v

Baseline assessment
(n=70)

v

One-month follow-up
(n=70)

v

Included in primary
longitudinal analysis
(n=70)

Outcome-specific eligibility:
IYCF: children aged 6-23 months

Age-appropriate immunisation: children aged 0-23 months

Figure 1. Participant flow and outcome-specific eligibility.

Note: IYCF outcomes were assessed among children aged 6-23 months, whereas age-

appropriate immunisation was assessed among children aged 0—23 months.
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Table 1. Baseline Characteristics of Participants by Study Group

Characteristic Intervention Control (n=70) SMD
(n=100)

Maternal characteristics

Maternal age, mean (SD), years 28.4(6.2) 28.9 (6.5) 0.08

Education < elementary, n (%) 66 (66.0) 46 (65.7) 0.01

Housewife, n (%) 82 (82.0) 57 (81.4) 0.02

Multiparous, n (%) 56 (56.0) 39 (55.7) 0.01

Low household SES, n (%) 60 (60.0) 42 (60.0) <0.01

Pregnant women, n (%) 23 (23.0) 16 (22.9) —

Gestational age, mean (SD), weeks 26.1 (5.4) 26.8 (5.1) 0.13

Children aged 0-23 months

Child age, mean (SD), months 11.7 (6.8) 12.1 (7.0) 0.06

Female child, n (%) 38(49.4) 27 (50.0) 0.01

Abbreviations: SD, standard deviation; SES, socioeconomic status; SMD, standardized mean

difference. SMD values <0.20 were considered indicative of acceptable descriptive balance.

Gestational age was assessed only among pregnant women, and child characteristics were

assessed only among participants with children aged 0—23 months.

Maternal Health Literacy and Anaemia
Prevention Knowledge

CIPC was associated with greater improve-
ments in maternal health literacy and anaemia
prevention knowledge than routine care. At

one-month follow-up, the adjusted difference-
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in-differences (DID) was 11.5 points for ma-
ternal health literacy (95% CI 6.8-16.2;
p=0.003) and 2.7 points for anaemia preven-
tion knowledge (95% CI 2.1-3.3; p<0.001).
The corresponding longitudinal trajectories are

presented in Figure 2.
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Table 2. Changes in Maternal Health Literacy and Anaemia Prevention Knowledge

Outcome Time Interven- Control Adjusted DID p-
tion Mean  Mean (SD) (95% CI) value
(SD)

Maternal ~ Baseline 48.7 (14.3)  49.1 (13.8) 11.5(6.8-16.2) 0.003

health lit-

eracy Post-intervention 63.4(12.7)  50.2 (14.0)

One-month follow-up 61.1 (13.4) 50.4 (13.9)

Anaemia Baseline 4.3 (2.1) 4.4 (2.0) 2.7(2.1-3.3) <0.001
prevention
knowledge One-month follow-up 7.2 (1.8) 4.6 (1.9)

Abbreviations: DID, difference-in-differences; CI, confidence interval; SD, standard deviation. Adjusted
models included maternal education, household socioeconomic status, parity, maternal age, and child
age where applicable. Estimates were obtained from linear mixed-effects models with participant-level
random intercepts and Kenward—Roger degrees-of-freedom correction.
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Figure 2. Longitudinal trajectories of maternal health literacy and anaemia prevention knowledge.

Panel A presents maternal health literacy scores at baseline, immediately after intervention, and one-
month follow-up. Panel B presents anaemia prevention knowledge scores at baseline and one-month
follow-up. Points represent group means, and lines connect measurements across assessment times. .
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Infant and Young Child Feeding and Age-
Appropriate Immunisation QOutcomes

IYCF and age-appropriate immunisation out-
comes showed high baseline achievement with

limited between-group differentiation during

complete separation in the observed distribu-
tions precluded reliable estimation of adjusted
longitudinal logistic models. These outcomes
were therefore reported descriptively and were

not used to infer intervention effects.

follow-up (Table 3). Complete or near-

Table 3: Infant and Young Child Feeding and Age-Appropriate Immunisation

Outcome Intervention Intervention Control Control
Baseline Follow-up Baseline Follow-up
MDD achieved 58/58 (100.0%) 65/71 (91.5%) 37/37 (100.0%) 49/52 (94.2%)
MMF achieved 58/58 (100.0%) 63/71 (88.7%) 37/37 (100.0%) 49/52 (94.2%)
MAD achieved 51/58 (87.9%)  65/71 (91.5%) 32/37 (86.5%)  47/52 (90.4%)
Complete age-appropriate  74/77 (96.1%)  67/71 (94.4%) 49/54 (90.7%)  48/52(92.3%)

Immunisation

Abbreviations: MDD, minimum dietary diversity;, MMF, minimum meal frequency;, MAD, minimum ac-
ceptable diet. IYCF outcomes were assessed among children aged 6—23 months at each assessment,
whereas age-appropriate immunisation was assessed among children aged 0-23 months. Denominators
therefore varied according to age-specific eligibility.

Baseline anthropometric characteristics

Baseline anthropometric characteristics were
broadly comparable between groups (Table
S1). Anthropometric measures were collected

to characterize nutritional status and baseline
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nutritional vulnerability. These measures
were not analyzed as longitudinal interven-
tion outcomes because the one-month follow-
up was insufficient to assess meaningful

changes in child growth.
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Table S1. Baseline Anthropometric Characteristics of Children by Study Group

Anthropometric indicator Intervention (n=77) Control (n=54) p-value
Weight-for-age z-score, mean (SD) —1.42 (1.01) —1.37 (0.98) 0.74
Length-for-age z-score, mean (SD) —1.76 (1.15) —1.71 (1.10) 0.81
Weight-for-length z-score, mean (SD) —0.84 (0.92) —0.79 (0.95) 0.69
Mid-upper arm circumference, mean 13.2 (1.1) 13.3 (1.0) 0.58
(SD), cm

Stunting, n (%) 21 (27.3) 15 (27.8) 0.95
Underweight, n (%) 15 (19.5) 10 (18.5) 0.89
Wasting, n (%) 8(10.4) 6 (11.1) 0.90

Abbreviation: SD, standard deviation. Weight-for-age, length-for-age, and weight-for-length z-scores
were calculated according to WHO Child Growth Standards. Stunting, underweight, and wasting were
classified using the corresponding WHO anthropometric criteria. Anthropometric measurements were

collected at baseline to characterize nutritional status and were not treated as post-intervention effec-

tiveness outcomes because the one-month follow-up period was insufficient to assess meaningful chang-

es in child growth.

Intervention

Implementation fidelity was high across moni-

tored intervention components, including
household visits, Posyandu attendance, coun-
selling adherence, referral follow-up, anthro-
pometric procedures, and scheduled supervi-

sion (Table S2). Interprofessional collabora-
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tion competency also increased among inter-
vention team members following implementa-
tion. Because these assessments lacked a con-
current comparison group, the competency
findings were interpreted as descriptive im-
plementation findings rather than independent

estimates of intervention effectiveness.
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Supplementary Table S2. Interprofessional Collaboration Competency and Intervention Fidelity Indicators

A. Interprofessional Collaboration Competency

IPEC domain Pre-intervention Post-intervention Mean 95%
Mean (SD) Mean (SD) Difference ClI
Communication 3.5(0.6) 4.4 (0.5) 0.9 0.4-14
Role clarification 3.2 (0.8) 4.3 (0.5) 1.1 0.6-1.6
Team functioning 3.4(0.7) 4.2 (0.5) 0.8 0.3-1.3
Collaborative leadership 3.5 (0.7) 4.3(0.4) 0.8 0.3-1.3
Total IPEC score 3.4(0.7) 4.3 (0.5) 0.9 0.4-14

B. Intervention Fidelity

Fidelity indicator Planned Completed Completion(%)
Household visits 174 162 93.1
Participants attending both Posyandu educa- 87 77 88.5
tion sessions

Participants completing recommended Pusk- 38 32 84.2
esmas follow-up

Household counselling adhering to protocol 162 147 90.7
Anthropometric assessments completed cor- 174 166 95.4
rectly

Weekly supervisory reviews 9 9 100.0
Scheduled interprofessional team meetings 6 6 100.0
Mean household counselling duration, — 42.0 (8.6) —

minutes, mean (SD)

Abbreviations: IPEC, Interprofessional Education Collaborative; SD, standard deviation; CI, confidence
interval; Posyandu, integrated community health post; Puskesmas, primary health centre. IPEC compe-
tency was assessed among the 12 intervention team members and covered communication, role clarifica-
tion, team functioning, and collaborative leadership, with higher scores indicating greater perceived in-
terprofessional competency. Because the assessment involved intervention team members only and lacked
a concurrent comparison group, changes in IPEC scores were interpreted as descriptive implementation
findings rather than independent estimates of intervention effectiveness. Intervention fidelity was calculat-
ed as the proportion of completed activities relative to planned activities and was used to describe inter-

vention exposure and implementation consistency rather than causal mediation.
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Sensitivity and exploratory analyses

Sensitivity analyses produced estimates con-
sistent with the primary models for both mater-
nal health literacy and anaemia prevention
knowledge, with no material change in the di-
rection or magnitude of the intervention-
associated differences (Supplementary Table

S3). The alternative approaches yielded esti-

mates closely aligned with the primary mixed-
effects models across complete-case, per-
protocol, GEE, and wild cluster bootstrap
analyses. ICC estimates were low across out-
comes but were considered exploratory be-
cause the analysis included only five geo-

graphical clusters (Table S4).

Table 3: Sensitivity Analyses for Maternal Health Literacy and Anaemia Prevention Knowledge

Outcome Analytical approach DID /B (95% p-value
CI)

Maternal ~ Primary mixed-effects model, Kenward—Roger  11.5 (6.8-16.2) 0.003

health lit-

eracy GEE with Fay—Graubard correction 11.5(7.1-15.9) 0.002
Wild cluster bootstrap, 2,000 replications 11.5(5.7-17.3) 0.004
Complete-case analysis 11.3 (7.7-14.9) 0.001
Per-protocol analysis 12.4 (8.8-16.0) 0.001

Anaemia  Primary mixed-effects model, Kenward—Roger 2.7 (2.1-3.3) <0.001

prevention i )

knowledge GEE with Fay—Graubard correction 2.7(2.0-3.4) <0.001
Wild cluster bootstrap, 2,000 replications 2.7(1.9-3.5) 0.001
Complete-case analysis 2.6 (2.0-3.2) <0.001
Per-protocol analysis 2.9 (2.3-3.5) <0.001

Abbreviations: DID, difference-in-differences; GEE, generalized estimating equations; CI, confidence
interval. The primary mixed-effects models included fixed effects for study group, assessment time, and
the group-by-time interaction, with participant-level random intercepts and Kenward-Roger degrees-of-

freedom correction. Models were adjusted a priori for maternal education, household socioeconomic sta-
tus, parity, maternal age, and child age where applicable. GEE analyses incorporated the Fay—Graubard
small-sample correction to address the limited number of geographical clusters. Wild cluster bootstrap
inference used 2,000 replications. Complete-case analyses included participants with observed outcome

measurements at the required assessment times, whereas per-protocol analyses were restricted according

to the predefined intervention exposure criteria.
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Table 4. Intracluster Correlation Coefficients for Study Outcomes

Outcome Baseline ICC Residual ICC
Maternal health literacy 0.03 0.04
Anaemia prevention knowledge 0.02 0.03
Minimum dietary diversity 0.02 0.03
Minimum meal frequency 0.03 0.04
Minimum acceptable diet 0.01 0.02
Age-appropriate immunisation 0.02 0.03

Abbreviation: ICC, intracluster correlation coefficient. Baseline ICCs represent the estimated proportion
of outcome variance attributable to clustering within the five geographical neighbourhood units. Residual
ICCs were estimated from adjusted longitudinal models after accounting for the specified fixed effects.
Because the study included only five clusters, consisting of three intervention clusters and two control
clusters, ICC estimates were considered exploratory and were not interpreted as precise population pa-

rameters.

Exploratory subgroup analyses showed positive  ¢ffect modification by educational attainment,
intervention-associated differences in maternal ~ Parity, or household socioeconomic status
health literacy across all prespecified sub- (Table S5). These analyses were exploratory
groups. However, none of the interaction tests and were not powered specifically to detect

provided evidence of statistically significant  Subgroup interactions.

Table 5. Exploratory Subgroup Analyses of Maternal Health Literacy

Subgroup Adjusted DID (95% CI) p-interaction

Educational at- Low education 13.1 (8.9-17.3) 0.091

tainment Higher education 8.7 (4.2-13.2)

Parity Primiparous 12.8 (8.0-17.6) 0.114
Multiparous 10.2 (6.1-14.3)

Household socio- Low socioeconomic status 11.9 (7.5-16.3) 0.337

economic status ) ) i
Higher socioeconomic status  10.7 (6.2—-15.2)

Abbreviations: DID, difference-in-differences, CI, confidence interval. Subgroup analyses were prespec-
ified as exploratory and used adjusted difference-in-differences models with the principal covariate
strategy of the primary analysis. Interaction terms tested whether the intervention-associated difference
in maternal health literacy varied across subgroup categories. None of the interaction tests reached
p<0.05. Because the study was not powered specifically to detect interaction effects, subgroup estimates

should be interpreted as exploratory rather than confirmatory.
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Discussion

This study evaluated the Community Interpro-
fessional Collaboration Package (CIPC), a
three-week community-based intervention inte-
grating nurses, midwives, nutritionists, and
community health workers to strengthen mater-
nal and child health. The principal findings
were a greater intervention-associated improve-
ment in maternal health literacy and anaemia
prevention knowledge at one-month follow-up,
whereas IYCF and age-appropriate immunisa-
tion outcomes showed limited between-group
differentiation. The findings suggest that a co-
ordinated community intervention may produce
measurable short-term changes in proximal ma-
ternal knowledge outcomes, while more com-
plex behavioural outcomes may require longer

exposure and stronger enabling conditions.

The improvement in maternal health literacy
was the clearest finding and is consistent with
evidence linking maternal health literacy with
access to understandable health information,
social support, and socioeconomic resources.
(5,18) CIPC provided

through household counselling and Posyandu-

repeated exposure

based education, combining professional coun-
selling with practical demonstrations, problem-
solving, and referral support. This multimodal
delivery may have strengthened opportunities
for participants to access, understand, and ap-
ply maternal and child health information and
is consistent with evidence that culturally

adapted education, professional counselling,
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and accessible communication can improve
health literacy among pregnant and postpar-

tum women.(19)

The observed improvement should neverthe-

less be interpreted as an intervention-
associated change rather than definitive evi-
dence of causal efficacy. The intervention
lasted only three weeks, and the one-month
assessment cannot establish whether the ob-
served gain represents durable health literacy
improvement or short-term acquisition and
recall of intervention-related information. The
greater frequency of contact with health per-
sonnel in the intervention group also intro-
duces the possibility of attention or Haw-
thorne effects. In addition, repeated counsel-
ling may have increased participants' aware-
ness of desirable responses, creating potential
social desirability bias despite the use of inde-

pendent enumerators for outcome assessment.

The non-randomized geographical allocation
further limits causal interpretation because
residual confounding and selection bias can-
not be excluded despite broadly comparable
measured baseline characteristics. The study
also included only five geographical clusters,
which restricts the precision of cluster-level
inference. Nevertheless, the direction and
magnitude of the primary estimates remained
broadly consistent across Kenward—-Roger
mixed-effects models, Fay—Graubard GEE,
wild cluster bootstrap inference, complete-

case analysis, and per-protocol analysis. This
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analytical consistency supports the robustness
of the observed association but does not elimi-
nate the structural limitations inherent in the

study design.

The interprofessional structure of CIPC may
have contributed to consistent and comple-
mentary delivery. Nurses, midwives, nutrition-
ists, and community health workers addressed
clinical, nutritional, preventive, educational,
and referral needs within a shared care model
rather than through isolated counselling. This
approach aligns with evidence that effective
interprofessional collaboration depends on
shared goals, role clarity, cooperation, interde-
pendence, and coordinated action.(10,11) The
improvement in interprofessional collaboration
competency and the high completion of moni-
tored intervention activities further support the
feasibility of this delivery model. However,
these implementation findings should not be
interpreted as evidence that improved team
competency independently produced the par-
ticipant-level outcomes because competency
was assessed only among the 12 intervention
team members without a concurrent compari-

son group.

Anaemia prevention knowledge also improved
substantially following CIPC. This finding is
plausible because the intervention directly ad-
dressed iron supplementation, dietary sources
of iron, factors affecting iron absorption, anae-
mia prevention, and referral pathways, thereby

aligning the educational content with the
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measured outcome. Previous evidence has
linked maternal anaemia knowledge with pre-
ventive behaviours, supporting the inclusion
of anaemia education within community ma-
ternal health programmes.(13) However, im-
proved knowledge should not be equated with
reduced anaemia because the study did not
measure haemoglobin concentration, clinical
anaemia, or sustained adherence to iron sup-
plementation. The finding therefore represents
a proximal cognitive outcome that may facili-
tate later preventive behaviour rather than evi-

dence of a downstream clinical benefit.

The limited changes in IYCF outcomes con-
trast with the improvements observed in ma-
ternal knowledge outcomes. MDD and MMF
showed complete baseline achievement in
both groups, while MAD was also high at
baseline, leaving limited scope for measura-
ble improvement and producing substantial
ceiling effects. These distributions also pre-
vented reliable estimation of adjusted longitu-
dinal logistic models. The high baseline
achievement may partly reflect local popula-
tion characteristics, previous exposure to
community health services, or participant se-
lection and differs from findings reported in
Indonesian settings where complementary
feeding indicators have been substantially
lower.(14)

The absence of clear improvement in [YCF
practices also reflects the multidimensional

determinants of feeding behaviour. Dietary
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diversity and meal frequency depend not only
on caregiver knowledge but also on household
food availability, purchasing power, cultural
preferences, child characteristics, maternal re-
sources, and access to appropriate foods and
services.(14,15,20) Consequently, a short edu-
cational intervention may increase knowledge
without producing sufficient changes in the
household environment to alter feeding practic-
es. The use of a single 24-hour dietary recall
further limits interpretation because the meas-
ure captures recent intake rather than usual die-
tary behaviour and remains susceptible to day-
to-day variation and reporting error, despite
standardized WHO/UNICEF definitions and

trained enumerators.

Age-appropriate immunisation similarly
showed limited room for improvement because
baseline coverage was already high in both
groups. The small change during follow-up
suggests that an educational intervention may
have limited additional effect when most chil-
dren have already received all vaccines due for
their age. Immunisation completion depends on
factors extending beyond maternal knowledge,
including vaccine availability, service accessi-
bility, appointment and reminder systems, out-
reach, healthcare utilisation, and continuity of
vaccination records. Indonesian evidence has
demonstrated geographic and socioeconomic
inequalities in childhood immunisation, includ-
ing disadvantages affecting populations in east-
ern Indonesia (16), while recent evidence sup-

ports integrated approaches that combine care-
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giver health literacy with service-level strate-
gies such as outreach and reminder systems.
(17) CIPC may therefore be more appropri-
ately positioned as one component of a
broader immunisation strategy rather than as

a stand-alone educational intervention.

Taken together, the divergent outcome pat-
tern provides insight into the likely pathway
through which CIPC operates. The strongest
changes occurred in outcomes directly target-
ed through repeated communication, counsel-
ling, and education, whereas feeding and im-
munisation indicators depend on behavioural
routines, household resources, service availa-
bility, and other enabling conditions. Mater-
nal health literacy and anaemia prevention
knowledge may therefore represent proximal
outcomes that can precede more complex be-
havioural or clinical changes. This interpreta-
tion remains prospective rather than causal
because the present study did not establish
mediation or long-term pathways between
improved maternal knowledge and subse-

quent health behaviours.

Several methodological features strengthen
the study. The investigators used predefined
outcome-specific eligibility criteria, standard-
ized intervention procedures, trained enumer-
ators who were not involved in intervention
delivery, repeated outcome measurements,
implementation fidelity monitoring, and sen-
sitivity analyses designed specifically for
the

age-ineligible

small-cluster structure.  Treating

IYCF and immunisation

Mustamu et al.



Ethiopian Journal of Pediatrics and Child Health, 2026, 21(3)

ISSN 2413-2640

elSSN 2519-0334 Mustamu et al.

observations as not applicable rather than as
failures also reduced the risk of outcome mis-
classification. The use of multiple analytical
approaches provided additional evidence re-

garding the stability of the primary estimates.

Several limitations should nevertheless be con-
sidered. First, non-randomized geographical
allocation permits residual confounding and
selection bias despite acceptable measured
baseline comparability, while the five-cluster
structure limits the precision of cluster-level
inference. Second, greater contact with health
personnel in the intervention group makes at-
tention and Hawthorne effects difficult to dis-
tinguish from effects attributable specifically to
CIPC. Third, self-reported maternal knowledge
and dietary information may have been affect-
ed by social desirability and recall bias, partic-
ularly after intensive counselling. Fourth, infor-
mal information exchange between interven-
tion and control residents could not be com-
pletely prevented, although intervention materi-
als, activities, and community health worker
responsibilities were geographically restricted

and monitored.

Fifth, the single 24-hour dietary recall meas-
ured recent rather than habitual feeding behav-
iour. Sixth, the one-month follow-up was insuf-
ficient to determine sustained behavioural or
clinical effects and was particularly unsuitable
for evaluating meaningful changes in child
growth. Seventh, the study was not prospec-

tively registered, which limits prospective
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transparency regarding protocol specification
and outcome registration. Finally, the inter-
professional competency assessment included
only 12 intervention team members and
lacked a concurrent comparison group; conse-
quently, these data should be interpreted as
implementation evidence rather than inde-
pendent evidence of intervention effective-

ness.

The findings have practical implications for
community maternal and child health pro-
grammes in underserved settings. Interprofes-
sional delivery can combine complementary
professional expertise with household coun-
selling, Posyandu-based education, and prima-
ry healthcare referral, thereby creating a coor-
dinated pathway for maternal health infor-
mation and support. However, programmes
targeting [YCF and immunisation should ex-
tend beyond information provision by ad-
dressing household food constraints, repeated
dietary counselling, vaccination tracking, re-
minder systems, outreach, and service accessi-

bility.

Future studies should use cluster-randomized
or stronger quasi-experimental designs with a
larger number of geographical clusters and
prospective registration before recruitment.
Longer follow-up should assess whether early
improvements in maternal health literacy and
anaemia prevention knowledge are maintained
and translated into behavioural and clinical

outcomes, including iron supplementation
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immunisation
child

growth. Repeated dietary assessments and ob-

adherence, dietary practices,

timeliness, haemoglobin status, and
jective health-service records should also be
incorporated to reduce measurement error and
clarify whether improvements in proximal ma-
ternal outcomes ultimately contribute to sus-

tained maternal and child health benefits.
Conclusion

The Community Interprofessional Collabora-
tion Package (CIPC) was associated with great-
er short-term improvements in maternal health
literacy and anaemia prevention knowledge
than routine care in an underserved community
setting in eastern Indonesia. The absence of
IYCF and

appropriate immunisation outcomes indicates

clear improvements in age-
that changes in more complex health behav-
iours may require longer intervention exposure
and stronger household and health-system sup-
port. Given the non-randomized design and
limited number of geographical clusters, the
findings should be interpreted as intervention-
associated rather than definitive evidence of
causal effectiveness. Future studies should use
stronger  quasi-experimental or  cluster-
randomized designs with more geographical
clusters and longer follow-up to determine
whether early improvements in maternal health
literacy and anaemia prevention knowledge
translate into sustained behavioural and child
health benefits. Subsequent evaluations should

also incorporate objective clinical and service-
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utilisation outcomes to strengthen causal in-
ference and assess the scalability of CIPC

across diverse underserved settings.
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Abstract

Background : Community-acquired pneumonia (CAP) is a major cause of paediatric morbidity
and hospitalization. Early identification of severe disease is essential for appropriate manage-
ment. Several severity assessment tools, including the British Thoracic Society (BTS) and Paedi-
atric Infectious Diseases Society/Infectious Diseases Society of America (PIDS/IDSA) criteria,
are used to identify severe CAP in children, but their diagnostic performance varies. This study
aimed to evaluate and compare the ability of the BTS and PIDS/IDSA severity scores to identify

severe CAP in children.

Methods: Data were collected from medical records of hospitalized children (0-18 years) with
radiologically confirmed pneumonia from December 2015 to December 2019. Demographic,
clinical, and laboratory data were gathered, and severe pneumonia was classified using World
Health Organization (WHO), BTS, and PIDS/IDSA criteria. Diagnostic performance was evalu-

ated through sensitivity, specificity, predictive values, and ROC curve analysis.

Results: A total of 217 participants were included, with 100 cases (46%) meeting WHO criteria
for severe pneumonia. The PIDS criteria had a higher sensitivity (72%) for predicting severe
pneumonia, whereas the BTS criteria had a higher specificity (92.3%). The BTS criteria showed
a positive predictive value (PPV) of 81.6%, a negative predictive value (NPV) of 64.3%, and an
area under the curve (AUC) of 0.66. In comparison, the PIDS criteria had a PPV of 49.7%, NPV
of 61.1%, and an AUC of 0.54.

Conclusion: The PIDS criteria showed a higher sensitivity but had lower specificity and discrim-
ination, whereas the BTS criteria had high specificity and low sensitivity. Additional studies are
Citation : Muljono M. P., Budiputri C. L., Octavius G. S., Validation and comparison of two pneumonia severity
criteria: A cross-sectional study of paediatric community-acquired pneumonia in Indonesia. Ethiop J Pediatr Child
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needed to improve and validate these criteria.

Keywords: community-acquired pneumonia, children scoring system, severity assessment tools

Introduction

Community-acquired pneumonia (CAP) has
become one of the leading causes of morbidity
and mortality in children worldwide (1). Se-
vere pneumonia in children is associated with
significantly higher mortality rates compared
to non-severe cases. One study found that the
overall mortality of children diagnosed with
severe CAP was 4.7% (95% CI: 3.10, 6.70)
(2). A study focusing on children transferred
to the Pediatric Intensive Care Unit (PICU)
for severe CAP showed a mortality rate rang-
ing from 7.2% until 12.4%, consistent with
other published reports (3,4). Recognizing se-
vere pneumonia is significant because it aids
clinical decision-making (3—6). The parame-
ters for severe pneumonia, as defined by the
World Health Organization (WHO) guide-
lines, are recognized as predictors of mortality
in children with pneumonia (7). Despite the
established parameters, significant variations
still exist in the diagnosis and management of

children with severe pneumonia (8,9).

Several assessment tools for identifying se-
vere CAP in adults were developed and
proved effective in reducing hospital admis-
sions (10,11). However, only a limited number
of scoring systems have been developed spe-
cifically for children with severe CAP, creat-
ing a gap in effective, standardized tools for
paediatric care (8,12,13). The British Thoracic
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Society (BTS) severity criteria were developed
as part of the BTS revised guidelines, estab-
lished in 2011, to address the management of
CAP in children, alongside those created for
adults (14,15). The BTS guideline offers age-
specific criteria for mild to moderate and se-
vere disease. These severity criteria, which in-
clude hypoxia, fever, tachypnoea, and tachy-
cardia, are designed to guide decisions regard-
ing hospital admission and, potentially, admis-
sion to intensive care unit (ICU). Despite their
widespread use, these criteria have only been
validated in few studies (13).

Other pediatric CAP severity criteria were de-
veloped in 2011 y the Pediatric Infectious Dis-
ease Society (PIDS) and the Infectious Diseas-
es Society (IDS) (16). The PIDS-IDS created
pediatric CAP evidence-based guidelines to
address the diagnosis and management of CAP
in infants and children older than 3 months in
inpatient and outpatient settings. The recom-
mendations were intended to reduce manage-
ment discrepancies and improve clinical out-
comes. This guideline includes a validated
scoring system that extrapolates severity crite-
ria from the prior adult guideline for pediatric
use (16,17). Clinicians need to consider care in
an intensive care unit or a unit with continuous
cardiorespiratory monitoring for the child hav-
ing 21 major or 22 minor criteria (16). Addi-

tionally, there is a lack of comparative studies
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evaluating the effectiveness of this scoring
system against other paediatric pneumonia
severity tools, such as the BTS criteria, in real

-world clinical practice.

The unclear classification of pneumonia se-
verity into mild, moderate, and severe in chil-
dren results in overestimation of diagnostic
testing and hospitalizations, as well as delays
in initial management when severity is under-
estimated (8). Correct and unified severity
stratification of paediatric CAP based on
scoring systems will guide site-of-care deci-
sions, thereby decreasing morbidity and mor-
tality rates (1,8). This study aims to assess the
diagnostic performance of the BTS and PIDS-
IDS severity scores in diagnosing severe CAP
in paediatric patients.

Methods

Study design and period

This cross-sectional retrospective study was
conducted in Indonesia at two tertiary-care
hospitals: Siloam General Hospital and Silo-
am Hospital Lippo Village (SHLV). Siloam
General Hospital is a teaching hospital where
patients receive treatment under Indonesia’s
National Health Insurance system. In con-
trast, SHLV primarily serves patients with
private health insurance or those who pay out
-of-pocket. The data were obtained retrospec-
tively from medical records using a consecu-
tive sampling method from December 2015 to
December 2019. All hospitalized children-
aged 0-18 years who met the eligibility
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criteria during the study period were included.
Inclusion and exclusion criteria

The study population was identified using a
two-step process. First, potential pneumonia
cases were identified by querying the electron-
ic health records for International Classifica-
tion of Diseases, Tenth Revision, Clinical
Modification (ICD-10-CM) codes for pneumo-
nia listed in any diagnostic position. Second,
medical records were manually reviewed to
confirm a provider diagnosis of pneumonia
and to verify radiological confirmation in ac-
cordance with World Health Organization
(WHO) guidelines (1). Patients were excluded
if they had severe immunodeficiency condi-
tions, such as human immunodeficiency virus/
acquired immunodeficiency syndrome (HIV/
AIDS), or an alternative diagnosis. To reduce
the likelihood of including hospital-acquired
infections, children transferred from another
healthcare institution or those with an emer-
gency department visit or hospitalization with-
in 14 days prior to the index admission were
also excluded. Data were extracted using a
standardized data collection form. Reviewers
conducting the data abstraction were blinded to

the study objectives to minimize potential bias
Data collection and analysis

Demographic data (sex, age, and nutritional
status) and clinical manifestations, including
fever, cough, shortness of breath, decreased
appetite, convulsions, vomiting, and lethargy,

were collected. Physical findings such as
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apnea, tachypnea, cyanosis, nasal flaring,
grunting, retraction, signs of dehydration, re-
duced vesicular breath sound (VBS), rhonchi,
wheezing, and refractory shock were collect-
ed. The severity of dehydration was evaluated
using the WHO criteria, consisting of exam-
ining the eyes, tears, anterior fontanelle, mu-
cous membrane, skin turgor, general condi-
tion, and the ability to drink. Invasive me-
chanical ventilation was defined as using an
endotracheal or tracheostomy tube to deliver
positive pressure to the lung. Laboratory data
including complete blood count and neutro-
phil lymphocyte ratio (NLR) were collected.
Patient outcomes (survival, death, or referral

to other hospital) were recorded.
Study variables

Pneumonia was diagnosed when a child had
cough and/or difficulty of breathing, with or
without fever, with either lower chest wall
indrawing (LCWI) or age-appropriate tachyp-
noea (>50 breaths per minute if the children
were 2-12 months, >40 breaths per minute if
>12 months). Severe pneumonia was defined
according to the WHO criteria as the refer-
ence standard (1). Children presenting with
chest indrawing with or without fast breathing
or any general danger signs were classified as

severe pneumonia. General danger signs in-
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clude not being able to drink, central cyanosis
or oxygen saturation below 90%, persistent
vomiting, convulsions, lethargy or uncon-
scious, stridor in a calm child or severe malnu-

trition (7).

Criteria for severe pneumonia based on the
British Thoracic Society (BTS) (14) and the
Pediatric  Infectious  Diseases  Society/
Infectious Diseases Society of America (PIDS/
IDSA)(16) are summarized in Table 1. Severe
pneumonia according to PIDS/IDSA criteria
was defined as the presence of at least one ma-
jor or two minor criteria. All criteria were as-
sessed before admission. Vital signs were de-
termined using the highest recorded respiratory
rate and heart rate, as well as the lowest rec-
orded oxygen saturation, as these values were
considered to best reflect the patient’s worst
clinical condition during the initial presenta-
tion and early hospitalization period. As the
BTS guidelines do not specify the number of
criteria required to define severe pneumonia,
severity was defined as the presence of any
listed criterion, consistent with previous stud-
ies using the BTS classification system (18).
This threshold was selected to maximize the
identification of potentially severe cases in

clinical practice.
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Table 1: Summary of British Thoracic Society (BTS) and Pediatric Infectious Diseases Society
(PIDS) severe pneumonia criteria and study-specific definitions.

British Thoracic Society (14)

Infant
Temperature >38.5°C

Respiratory rate >70 breaths/
min

Moderate to severe reces-
sion

Nasal flaring

Cyanosis

Intermittent apnoea
Grunting respiration
Not feeding
Tachycardia

Capillary refill time >2s
Older children
Temperature >38.5°C

Respiratory rate >50 breaths/
min

Severe difficulty in breath-
ing

Nasal flaring
Cyanosis

Grunting respiration
Signs of dehydration
Tachycardia

Capillary refill time >
2seconds

Pediatric Infectious Diseases
Society (16)
Major Criteria
Invasive mechanical ventilation
Fluid refractory shock*
Acute need for NIPPV®
Hypoxemia FiO,
greater than the inspired con-

requiring

centration or flow feasible in

general care area’

Minor Criteria

Respiratory rate higher than
WHO classification for age

Age 0-2 months: >60

Age 2—12 months: >50

Age 1-5 Years: >40

Age >5 Years: >20

Apnea

Increased work of breathing

(retractions, dyspnea, nasal flar-

ing, grunting) ¢

Pa0,/FiO, ratio <250°
Multilobar infiltrates’
PEWS score >6&
Altered mental status"
Hypotension'
Presence of effusion
Comorbid conditions’

Unexplained metabolic acido-
sis

. The wuse of aerosol

Study-specific definitions

. Receive 3 or more isotonic fluid

boluses

. Receive high-flow nasal canula,

continuous positive airway pres-
sure, or bag-valve-mask ventila-
tion

or non-
rebreather mask oxygen with oxy-
gen saturation of <92%

. Clinical 1identification of retrac-

tions, dyspnoea, flaring, grunting,
or increased work of breathing

. Data obtained from the measure-

ment of arterial blood gases. If
arterial blood gases were not ob-
tained, SpO2:Fi0O2 was used as a
proxy. An SpO2:FiO2 of <231
correlates with PaO2:FiO2 of

<250

. Documentation of infiltrates, con-

solidations, or opacities in more
than one lobe in the chest radio-
graph documented on the official
radiology report

. Reference (19)

. Clinical identification of altered

mental status, sleeping and not
arousable, or lethargic

i. Reference (20)

i. No comorbid conditions were con-

sidered in this study

. CO2 of <15 on a chemistry panel

or pH <7.35 with HCO3 <15 or a
base deficit <—5 on a blood gas.
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Sample size determination

The sample size was estimated using the sin-
gle population proportion formula. Assuming
a 95% confidence level, a 5% margin of error,
and an estimated prevalence of severe pneu-
monia of 18% based on a previous study con-
ducted at Siti Khodijah Muhammadiyah Hos-
pital in Indonesia (21). This study was chosen
as the reference due to its comparable Indone-
sian tertiary-care setting and similar pediatric
disease profile. The minimum required sam-

ple size was calculated as follows:

_ (Zy-ay2)* Xp X (1= p)

N =5
d-
_ (1.96)* x 0.18 X 0.82
B (0.06)2
N =158
Where:

Zi-a/2=1.96 (95% confidence level)

p = estimated proportion of severe pneumonia
(0.18)

d = margin of error (0.05)
Statistical analysis

The collected data was analyzed using IBM
SPSS 26.0 (Statistical Package for the Social
Sciences, IBM Corp., Armonk, NY, USA).
Data distribution was assessed for normality.
Normally distributed variables were presented
as mean + standard deviation, while non- nor-

mally distributed variables were summarized
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as median and interquartile range (IQR). The
diagnostic performance of the BTS and PIDS/
IDSA criteria for predicting severe pneumonia
was evaluated by calculating sensitivity, speci-
ficity, positive predictive value (PPV), nega-
tive predictive value (NPV), likelihood ratios
(LRs), and diagnostic accuracy, with 95% con-
fidence intervals. Receiver operating charac-
teristic (ROC) curves were constructed, and
the area under the curve (AUC) was assessed
to determine discriminatory ability, with an
AUC of 0.5 indicating no discrimination and

1.0 indicating perfect discrimination.
Results

A total of 307 paediatric patients with pneu-
monia were identified through electronic medi-
cal records using ICD-10-CM pneumonia
codes from December 2015 to December 2019
at Siloam General Hospital and Siloam Hospi-
tal Lippo Village. All records were screened
for eligibility and radiological confirmation
based on WHO criteria. A total of 90 records
were excluded due to incomplete medical rec-
ords (n = 16), lack of radiological confirmation
(n = 24), alternative diagnoses (n = 36), severe
immunodeficiency (n =

another hospital (n = 9). A total of 217 partici-

5), or transfer from

pants were included in the final analysis, con-
sisting of 100 patients with severe pneumonia
and 117 patients with non-severe pneumonia

according to WHO classification criteria.
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Records identified through electronic medical records using ICD-10-CM pneumonia codes from
December 2015 — December 2019 at Siloam General Hospital and Siloam Hospital Lippo Village
(n=2307)

v

| Records screened for eligibility and radiological confirmation based on WHO criteria

1

4

il

Excluded (n = 90) ‘

Eligible participants included in final analysis ‘

- Incomplete medical records (n = 16)
No radiological confirmation (n = 24)
Alternative diagnosis (n = 36)

(n=217)
& il

Severe immunodeficiency (n = 5)
Transferred from another hospital (n = 9)

Severe pneumonia
based on WHO criteria

Non-severe pneumonia
based on WHO criteria

(n=100) (n=117)

Figure 1: Patient flow diagram

A total of 217 participants who met the eligibil-
ity criteria were included in this study, with 100
cases (46%) of severe pneumonia based on the
WHO criteria (Table 2). The patients were male
predominance in both groups as seen in Table
2. The median age of participants in this study
was 1.4 years old (0.01-17.38) in the severe
group and 3.2 years old (0.2-18.2) in the non-
severe group. Fever and cough were the most
frequent clinical manifestations in both groups,
followed by decreased appetite, shortness of
breath, and vomiting. Seventeen patients (17%)
in the severe pneumonia group experienced sei-
zures. Upon physical examination, rhonchi
were present in most patients in both groups: 84

patients (84%) in the severe group and 86 pa-
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tients (73.5%) in the non-severe group. Pa-
tients in the severe pneumonia group had
more frequent chest retractions (66% vs. 0%),
tachypnoea (28% vs. 21.4%), and wheezing
(33% vs. 9.4%).

The hematological profile showed that severe
pneumonia patients had a higher leukocyte
count, with a median of 14.27x103 cells/mm3
(3.57-54.15x103 cells/mm3) compared to
13.2 x103 cells/mm3 (1.67-36.9 x103 cells/
mm3) in the non-severe group. Hematocrit
level is lower in severe pneumonia patients
than in non-severe pneumonia patients
33.15% (4.33-51.1%) vs 36.15% (4.62-
45.8%). The percentage of deaths in the se-

vere pneumonia group was 5%.
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Table 2. Patient profiles by pneumonia severity according to WHO Criteria (n = 217)
Severe (n =100) Non-severe (n =117)

Characteristics Category

n (%) n (%)
Demographic Male 62 (62) 68 (58.1)
Age (years), median (IQR) 1.4 (5.8) 3.2(6.7)
Normal nutritional status 44 (44) 80 (68.4)
Fever 93 (93) 110 (94)
Clinical Cough 92 (92) 112 (95.7)
manifestations
Shortness of breath 46 (46) 28 (23.9)
Decreased appetite 48 (48) 44 (37.6)
Convulsion 17 (17) 0(0)
Vomit 35(35) 23 (19.7)
Lethargy 5(5) 0(0)
Physical Apnea 1(1) 1(0.9)
findings Tachypnea 28 (28) 25 (21.4)
Cyanosis 5(5) 0 (0)
Nasal flaring 19 (19) 3(2.6)
Grunting 1(1) 0 (0)
Retraction 66 (66) 0(0)
Signs of dehydration 12 (12) 3(2.6)
Reduced VBS 8 (8) 14 (12)
Rhonchi 84 (84) 86 (73.5)
Wheezing 33(33) 11 (9.4)
Refractory shock 7(7) 0(0)

Laboratory Hemoglobin (g/dL), median (IQR) (n=94) 11 (3.1) (n=114)11.9 (2.8)
findings
Leukocyte (10° cells/mm’) , medi- (n=94) 14.3 (12.9) (n=114)13.2(11.7)
an (IQR)
Haematocrit (%), median (IQR)  (n=94) 33.2 (15.6) (n=114)36.2 (13.7)

NLR, median (IQR) (n=94) 1.6 (4.3) (n=111) 1.7 (16.6)
Outcome Alive 94 (94) 112 (95.7)

Death 5(5) 2 (1.7)

Referred to other hospital 1(1) 2(1.7)

The sensitivity, specificity, positive predictive ~ Predict severe pneumonia (72.0%; 95% CI
value (PPV), negative predictive value (NPV), 62.1-80.5), but the BTS criteria had a higher
positive likelihood ratio (LR+), and negative  specificity (92.3%; 95% CI 85.9-96.4) in pre-
likelihood ratio (LR-) of both scoring systems dicting severe pneumonia. The BTS criteria

are presented in Tables 3 and 4. The PIDS cri- had a PPV of 81.6%, NPV of 64.3%, LR+

teria were found to have a higher sensitivity to of 5.2, and LR—of 0.7 for predicting severe
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CAP in children. In comparison, the PIDS cri-
teria had a PPV of 49.7%, NPV of 61.1%, LR+
of 1.2, and LR— of 0.7. The BTS criteria

demonstrated better overall

ability, with an AUC of 0.66 (95% CI 0.59-
0.74; p < 0.001), compared with the PIDS ,
which had an AUC of 0.55 (95% CI 0.47—

discriminatory ~ 0.63; p = 0.22), as shown in Figure 2.

Table 3:Diagnostic performance of BTS and PIDS criteria for pneumonia severity using WHO ref-

erence standard, including sensitivity, specificity, predictive values, and likelihood ratios

WHO ifici-

Scoring Severity Sensitivity tSpec1fic1 PPV NPV LR+ LR-

system levels  Severe VOUT  (95% CI) Yo (95% CI) (95% CI) (95% CI) (95% CI)

severe (95% CI)

TS Severe 40 9 40% 923%  81.6%  64.3% 5.2 0.7
Non- 60 log  (303-50.3) (85.9-96.4) (69.4-89.7) (60.3-68.1) (2.7-10.2) (0.6-0.8)
severe

PIDS Severe 7273 72% 37.6%  497%  61.1% 1.2 0.7
Non- 2% 44 (62.1-80.5) (28.8-47) (45-54.3) (51.5-69.9) (1-1.4) (0.5-1.1)
severe

Table 4: AUC for both severity criteria

Scoring criteria Area under the curve (95% CI) Standard error P-value

BTS 0.66 (0.59-0.74) 0.04 <0.001

PIDS 0.55(0.47-0.63) 0.04 0.22

ROC Curve
Derived from 1 - Specificity Source of the
0.0 0.2 0.4 0.6 0.8 1.0 Curve
1.0 — 1.0
I ——BTS
r 2 PIDS
// —— Reference Line

0.8 i 0.8
/ g
/ 5
F // 06 2
> / 3
z /o 3
g /L 0
w04 Vord 04 3
// @
/7 2
7/ <
7 2

02 02

0.0 0.0

0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Figure 2: ROC curve for both severity criteria
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Discussion

Previous studies have produced mixed results
regarding the effectiveness of the BTS criteria
in predicting severe pneumonia in children
(13,18,22). One study found that while the
BTS criteria were highly effective in distin-
guishing between children who were admitted
to the hospital and those who were not, they
had limited ability to identify children who
met the need for further hospitalization (NFH)
criteria. The NFH criteria, which pertain to
outcomes occurring after leaving the emer-
gency department (ED), include interventions
based on physiologic parameters (e.g., supple-
mental oxygen for hypoxia), procedures re-
quiring inpatient care (e.g., chest drainage),
and interventions indicating disease progres-
sion (e.g., broadening of antibiotic therapy).
Despite the high specificity of the BTS crite-
ria, which helped identify children requiring
hospital admission, their low sensitivity high-
lighted limitations in predicting NFH and pa-
tient disposition (admitted vs discharged)
(13).

This study found that the BTS criteria had a
high specificity of 92.3% in predicting severe
pneumonia, which aligns with previous stud-
ies on the validation of BTS criteria for hospi-
tal admission in paediatric CAP (13). This
study found that the BTS pneumonia criteria
demonstrated good predictive ability and ac-
ceptable discriminatory power in classifying
severe and non-severe cases. The positive pre-

dictive value (PPV) of 81.6% further support-
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ed the accuracy of these criteria in correctly
identifying severe cases. However, the low
sensitivity of 40% and NPV of 64.3% ob-
served in this study corroborated the limita-
tions of the BTS criteria in capturing all cases
requiring hospitalization or further interven-
tion. This limitation was also seen also evident
in previous studies, where some children with
severe CAP were not admitted despite meeting
severity criteria (13,18).

Additionally, a study by Clark et al. revealed
that although the BTS criteria were effective at
identifying children needing hospitalization,
4% of those identified as having severe CAP
were not admitted, whereas less than 1% of
children in the mild and moderate severity
groups were not admitted (18). This finding
suggests a gap between the theoretical applica-
tion of the BTS criteria and real-world clinical
decision-making, highlighting potential dis-
crepancies between expert-derived guidelines
and hospital practices. Another study exam-
ined the relationship between pneumonia se-
verity and chest radiography findings, finding
no significant association using the BTS crite-
ria. In contrast, an association was found when
applying any of the WHO criteria, such as stri-
dor, fast breathing, chest wall indrawing, and
difficulty in breathing (22,23). These further
underscores the variability in the effectiveness
of BTS severity criteria.

The PIDS/IDSA created a pediatrics CAP
guideline that included severity criteria to as-

sist clinical decision-making. These criteria
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were not derived directly from children but
rather a modification from the prior adult ver-
sion consensus guidelines (17). Several studies
have validated the 2007 Infectious Diseases
Society of America/American Thoracic Socie-
ty Criteria CAP criteria to define severe pneu-
monia in adults from different countries (24—
26). One meta-analysis reported a pooled sen-
sitivity of 84% and a specificity of 78% of
PIDS criteria for predicting ICU admission

with one major or three minor criteria (27).

The pediatric CAP severity criteria include
major and minor factors used to predict the
NFH, ICU care, or a unit with continuous car-
diorespiratory monitoring (17). This study
found that the PIDS criteria had moderate sen-
sitivity (72%, 95% CI: 62.1-80.5) but poor to
fair specificity (37.6%, 95% CI: 28.8-47). Pre-
vious studies have shown that more than half
of children classified as having severe CAP by
the PIDS-IDSA criteria were safely dis-
charged, without requiring hospitalization or
interventions, highlighting the high sensitivity
but poor specificity of the criteria, which leads
to misclassification of some children as having
severe disease. The study further specifies that
the PIDS criteria have a fair to good ability to
differentiate between children who are admit-
ted and those who are discharged. However,
they are only marginally effective in distin-
guishing children who require further interven-
tions or have diagnoses that would justify hos-
pitalization (i.e., NFH) (12).The PIDS criteria

identified severe pneumonia in children with
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an AUC 0.55 (95%CI= 0.47-0.63, p-value
0.22), which shows that this model has poor
discrimination. The poor discrimination of
PIDS criteria for severe pneumonia might be
due to the inclusion of several criteria such as
the use PaO2:FiO2 ratio, multilobar infiltrate,
presence of effusion, and metabolic acidosis
that occurs infrequently and have both meas-
urement and interpretation challenges (12,16).
Furthermore, the criteria included in PIDS
such as the use of mechanical ventilation and
Pa02:FIO2 ratio were supposed to be used in
children with acute respiratory distress syn-
drome in intensive care. However, most of
our data was obtained when the children were
admitted to the emergency which means that
most children are in room air on presentation
and thus may affect the performance of that

ratio for those children.

The BTS and PIDS severity criteria both have
advantages and disadvantages in distinguish-
ing severe pneumonia. It is noteworthy that
most of the BTS criteria are clinical condi-
tions that can be easily accessed through
physical examination in an emergency set-
ting. This allows for quicker identification of
severe pneumonia, leading to faster and more
appropriate management. In contrast, the
PIDS criteria include parameters that require
further evaluation, such as arterial blood gas-
es to assess metabolic acidosis, the PaO2/
FiO2 ratio, and radiographs to identify infil-
trates or consolidations. This may complicate

the assessment of severe pneumonia in an
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emergency setting. This allows for quicker
identification of severe pneumonia, leading to
faster and more appropriate management. In
contrast, the PIDS criteria include parameters
that require further evaluation, such as arterial
blood gases to assess metabolic acidosis, the
PaO2/FiO2 ratio, and radiographs to identify
infiltrates or consolidations. This may com-
plicate the assessment of severe pneumonia in
an emergency setting. However, the PIDS
criteria have higher sensitivity in recognizing
severe pneumonia, while the BTS criteria
have higher specificity and a higher positive
predictive value (PPV) for identifying true
severe pneumonia. Interestingly, the WHO
guidelines, used as the gold standard in this
study, emphasize clinical presentation to de-
termine severe pneumonia, like the BTS crite-
ria. This may explain the high specificity of
the BTS criteria observed in this study.

Abnormal nutritional status was significantly
more prevalent in the severe pneumonia
group compared to the non-severe group
(56% vs. 31.6%). This disparity was further
reflected in clinical outcomes; while the se-
vere group had a 5% mortality rate (5/100),
two deaths (1.7%) also occurred in the non-
severe group. The association between mal-
nutrition and disease severity is rooted in a
complex pathophysiological process in which
protein-energy malnutrition leads to second-
ary immunodeficiency, including impaired
cell-mediated immunity, reduced cytokine

production, and atrophy of lymphoid tissues,
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thereby diminishing the host’s ability to con-
tain pulmonary pathogens (28-30). Further-
more, infection itself increases metabolic de-
mand and energy expenditure while simulta-
neously reducing nutrient intake, creating a
synergistic vicious cycle between malnutri-
tion and infection (31). This cycle contributes
to the depletion of protein, energy, minerals,
and vitamins, further increasing susceptibility
to severe infection and adverse clinical out-
comes. These findings align with previous
studies in developing countries, such as those
by Chisti et al., which identified underweight
status as a primary predictor of mortality and
treatment failure in paediatric pneumonia
(28). A systematic review by Nascimento-
Carvalho et al. and findings from UNICEF/
WHO reports identified malnutrition as one of
the strongest predictors of pneumonia-related
mortality in children under five years of age
(30).

The findings of this study may also be rele-
vant to pediatric practice in resource-limited
settings, including many regions in Africa
where childhood pneumonia remains a major
contributor to morbidity and mortality. The
BTS criteria mainly rely on bedside clinical
assessment and include more clinical parame-
ters than the WHO criteria (14). These criteria
can be assessed without advanced diagnostic
tools and may be useful in distinguishing chil-
dren who require hospital admission from
those who can be managed without inpatient

care. Although several components of the
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PIDS/IDSA criteria require advanced investi-
gations such as arterial blood gas analysis,
chest radiography, and assessment of intensive
respiratory support, many elements of the
PIDS/IDSA criteria are still based on bedside
clinical evaluation (16). Based on our findings,
the higher sensitivity of the PIDS/IDSA crite-
ria may help clinicians identify children at risk
of severe pneumonia who require closer moni-

toring or further interventions.

Our study has several limitations. First, the
cross-sectional retrospective design limits the
ability to determine temporal relationships or
establish causal associations between predic-
tors and pneumonia severity. In addition, the
use of medical record-based data may intro-
duce information bias due to incomplete or
This

study also had a relatively small sample size

inconsistently documented variables.

and included a wide age range. The severity of
CAP may be influenced by several factors,
such as parental smoking status, birth weight,
immunization status, nutritional status, and
comorbid conditions, which were not fully
controlled in our analysis. Some important
variables, including SpO2, Fi02, PaO2, and
several laboratory parameters, were missing in
a proportion of cases, limiting the statistical
power for further analysis. Furthermore, data
were collected from only two hospitals, and
the catchment area for pneumonia cases may
not represent the broader population, thereby

limiting the generalizability of the findings.
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Nevertheless, the inclusion of two hospitals
with different patient populations enabled the
recruitment of children from diverse demo-
graphic and socioeconomic backgrounds, in-
cluding both low- and middle-income as well
as high-income families. The strengths of this
study include detailed clinical data collection,
accurate radiological and laboratory confirma-
tion, and the evaluation of pneumonia severity
criteria in a topic that remains underexplored

in our setting.
Conclusion

This study intends to compare and validate
two pneumonia severity criteria (BTS and
PIDS criteria) for pediatric patients with CAP.
The PIDS criteria has some value in sensitivity
but poor to fair specificity with poor discrimi-
nation. On the other hand, the BTS criteria
were found to have low sensitivity in recogniz-
ing severe pneumonia but high specifici-
ty. Therefore, in a busy emergency setting, the
PIDS criteria may help avoid missing poten-
tially severe cases, while the BTS criteria may
better identify patients who truly require inten-
sive management. Future studies are still need-
ed to further validate and refine practical se-
verity criteria for paediatric CAP with im-
proved discriminatory performance and bal-

anced sensitivity and specificity.
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Abstract

Background : In the pediatric population, self-medication refers to the administration of medica-
tions by caregivers without physician consultation. The current study sought to determine the
magnitude of self-medication and related factors among caregivers of under-5 children attending

health institutions for their child’s illness.

Methods: We conducted an institution-based cross-sectional survey between September and De-
cember 2023. Data were collected from 263 caregivers using a piloted and pretested question-
naire tool and analyzed using SPSS software version 25 (IBM, USA) to generate descriptive and

analytical statistics.

Results: The prevalence of self-medication practice among the participants was 83%. Two-
thirds of the children were females. Eighty-five per cent of the caregivers were urban dwellers.
Twenty-nine percent of the participants had a family member who is a health professional. Prior
self-medication experience and the mildness of the illness were the most common reasons for self-
medication. Analgesics and antipyretics made up 75.3% of self-medication drugs. The odds of
self-medication for urban community (AOR = 7.57; 95% CI: 2.83-20.29), having family members
in the medical professions (AOR = 6.29; 95% CI =1.62-24.47), having medical insurance (AOR
=4.1;, 95% CI: 1.67-10.06), monthly income (AOR = 2.02; 95% CI: 1.13-3.61), and child’s age
(AOR = 1.03; 95% CI: = 1.00-1.06) were significantly associated with self-medication.

Conclusion: Self-medication practice was prevalent in all study settings. The major determinants
were urban residency, family members in the medical profession, medical insurance, and monthly
income. Focused interventions to address self-medication practice among urban communities,
Citation : Fanta S. S., Aklilu T. M., Prevalence of self-medication practice among caregivers of children under 5

years of age visiting health institutions in Addis Ababa: A cross-sectional study. Ethiop J Pediatr Child Health.
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responsible medication use among health professionals, and those having medical insurance are

highly recommended. Furthermore, the findings of the current study highlighted new insights

within the changing population health dynamics relating to factors on self-medication. These

factors have to be studied in bigger community-based studies, taking into account the limitations

of the current study.

Keywords: Self-medication, Under-five Children, Caregivers, Urban dwellers

Introduction

Self-medication in children is a major interna-
tional concern (1). The World Health Organi-
zation (WHO) defines self-medication as
"using and selecting medications on one's own
to treat ailments or symptoms that one has
identified. Self-medication in the pediatric
context refers to the administration of medi-
cines by a caregiver without medical consulta-
tion (2). The International Pharmaceutical
Federation (IPF) defines self-medication as
the use of non-prescription drugs by individu-
als on their own volition (3). Children's self-
medication habits are concerning because
children are more vulnerable to various dis-
eases and thus have a higher risk of being self-
medicated by their caregivers (4). When their
children are sick, most parents resort to self-

medication (5).

Children under the age of five years are fre-
quently affected by diarrhoea, respiratory tract
infections, and other self-limiting illnesses.
Caregivers often administer drugs for these
diseases without seeking health professional
advice, resulting in self-medication (6). There

are numerous risks associated with self-
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medication, including incorrect diagnosis, drug
interaction, increased polypharmacy, drug re-
sistance, and adverse drug reactions. Self-
medication has both unjustified and absurd
the of

healthcare resources and the possibility of hos-

consequences, including waste
pitalization (2). Numerous studies assessing
children's self-medication patterns have found
that self-medication is relatively common
among children in both developed and devel-
oping countries. In a study done in Sydney,
Australia, the overall prevalence of self-
medication was 77.25%. In this study, the
prevalence of self-medication among children
1 to 5 years and 5-12 years of age was 47%
and 33%, respectively. Antimicrobials were
commonly used to treat diarrhea, sore throats,
coughs, and colds. The ease with which anti-
microbials can be obtained from pharmacies
and medical supply stores without a prescrip-
tion, and the lack of regulations governing
their sale, is the cause of their widespread use
(7). A community-based study conducted in
Indonesia found that 58.8% of children under
the age of five years were self-medicated. In
this study, mothers with average monthly in-

come and upper secondary school education
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demonstrated an increased tendency to self-
medicate. This practice is also affected by
one's residential location. Self-medication
occurred in both rural and urban settings, with
frequencies of 58.8% and 39.2% in the com-

munity, respectively.

Another study conducted in the Democratic
Republic of the Congo (DRC) reported a
prevalence up to 95.8%. In this study, moth-
ers mentioned the high cost of medical care
(84.18%), the distance from home to the
health institution (10.2%), and previous expe-
rience (5.61%) as the primary reasons for
their self-medication. The easy access to over
-the-counter medications made an important

contribution to children's self-medication (8).

A cross-sectional study conducted in Tanza-
nia revealed that drug stores were the primary
source of antibiotics in 99.7% of cases, and
parental self-medication with antibiotics
(SMA) to children under the age of five was
significantly associated with middle-income
households, living further away from a medi-
cal facility, and having less knowledge about

POMs and antibiotic use(9, 10) .

A systematic review done in Ethiopia on the
adult population found that self-medication
rates ranged from 12.8% for town residents to
77.1% for health science students (11). There
have been no published data in the pediatric
population on self-medication, at least to our
knowledge, in this country. Therefore, we

aimed to study the magnitude of self-
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medication practice among health-seeking
caregivers of under-five children, and their
contributing factors in three health care institu-

tions.
Materials and methods
Settings

The research was carried out in Tikur Anbessa
Specialized Hospital (a tertiary referral centre),
Teklehaimanot Health Centre (a primary
health care institution), and Bethezatha Gen-
eral Hospital (BGH)(a private healthcare insti-
tute). We included these study sites to have
representation of the different types of
healthcare institutions. TASH is the largest
referral hospital in Addis Ababa, established
over 50 years ago. Over 400,000 patients are
seen annually, of which 40% are children aged
0-14 years. Bethzatha General Hospital is a
private health care institution located at the
heart of Addis Ababa with a patient flow of 60
-70 per day. Teklehaymanot Health centre
gives a primary level outpatient services to

sick children in the area.
Study design and period

A cross-sectional study design was conducted
between September 01 and December 30,
2023.

Study population

Primary caregivers of children who are 0-5
years old attending the health institutions for

medical care of their children.
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Inclusion/exclusion criteria

Primary caregivers of children under 5 years
of age who visited the designated health facil-
ities during the study period and consented to
participate were included. Mothers of neo-
nates under one month of age were excluded.
Caregivers who either declined participation
or were not the primary caregivers were ex-
cluded.

Sample size and sampling technique

We calculated the sample size using the sin-
gle population proportion formula, taking the
prevalence of self-medication practice from a
previous study as 78%, a confidence interval
of 95%, and 5% precision to get the final

sample size of 263.
Sampling method

For limited time and resources, we used the

consecutive sampling method.
Data collection

Data were collected using a semi-structured
questionnaire tool, which was prepared and
piloted on 5% of a different set of patients.
Direct interviews with caregivers were con-
ducted after informed consent was secured.
The interview was conducted by three trained
data collectors, one at each study site, and

checked by the principal investigator.
Variables

Age, sex, educational status, monthly income,

residency, and home distance from health fa-
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cility were documented. Reasons to self-
of self-

medication, severity of the illness, cost of

medicate, previous experience
health service, Health insurance, and waiting
hours in the health facility were also collected.
Medication type, source, symptoms, or illness-
es that trigger self-medication were recorded.
We also collected information on awareness of

prescription-only medications (POM).
Operational definitions

Self-medication is defined as the administra-
tion of over-the-counter and prescription-only
medications by caregivers without physician

consultation.

Prescription-only medication (POM): is a
drug that can only be obtained with a valid
prescription from a licensed healthcare profes-
sional. These medications are regulated to en-
sure they are used safely and appropriately un-

der medical supervision (11)

Over-the-counter treatments (0OCT)
are medicines sold directly to a consumer
without a requirement for a prescription from a

healthcare professional (12).

self-
medication practice: this is operationally de-
fined based on the Sorrel Brown ANR pro-

Frequency of primary caregiver

gram “Frequency” evaluation, lowa State Uni-
versity Extension, Dec 2010 (13).:

o Frequently performed - If the caregiver self
-medicates their children at least once a

week
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e Sometimes performed - If the caregiver
self-medicates their children 1-3 times per

month

self-

medicated their children once or twice in

e Rarely performed- caregiver

the past 3 months
Statistical analysis

Data consistency and completeness were
checked before data entry. Data were entered
into the SPSS software package version 25,
USA. Descriptive as well as analytic statistics
were made to compute the mean, median,
standard deviation, interquartile range (IQR),
prevalence, frequencies, and percentages.
Factors that affect caregivers' self-medication,
such as parent residence, parental education
status, child’s age, home distance to the near-

est health facility, family member with a
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health profession background, monthly in-
come, and use of medical insurance, were ana-
lyzed using bivariate analysis. After identify-
ing those variables with p-values below 0.2
from the bivariate analysis, a multivariate lo-
gistic regression model was used. P-values <
0.05, with a 95% confidence interval, were
considered statistically significant for all statis-

tical tests.
Results
Socio-demographic characteristics:

Two hundred sixty-three participants partici-
pated in this study. The mean (SD) age of care-
givers was 32.3 (6.0). The majority of the in-
dex children were female, between the age
range of 24-60 months, and from an urban area
(Table 1).
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medication, Addis Ababa, 2024 (N = 263).

Table 1: Sociodemographic characteristics of caregivers of under-five children practicing self-

Variables Category Frequency Percent
Child age (months) 31.0 12.4
Age categories(months) 1-6 5 1.9%
6-12 15 5.7%
12-24 64 24.3%
24-60 179 68.1%
Sex Male 80 30.4%
Female 183 69.6
Residency Urban 223 84.8%
Rural 40 15.2%
Educational level Illiterate 30 11.4%
Primary school 40 15.2%
Secondary school 76 28.9%
University/collage 117 44.5%
Monthly income <5000 birr 66 25.1
5000-10,000 birr 108 41.1
>20,000birr 28 10.6
Medical Insurance Yes 115 43.7
No 148 56.3
Family member with a medi-  Yes 75 28.5
cal profession No 188 71.5
Medical profession type Nurse 30 40.0
Health officer 8 10.7
Pharmacist 27 36.0
Doctor 9 12.0
Others 1 1.3
Chronic Disease Yes 7 2.7%
No 256 97.3%
Self-Medication Yes 219 83.3%
No 44 16.7%

The result shows that the majority of caregiv-
ers (83.3%) practiced self-medication for their
children. The majority of the participants are

caregivers of female children(69.6%) and re-
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side in urban areas (84.8%). A high proportion
of the sample is well-educated caregivers,
with 44.5% holding a degree or higher. Most

participants fall into the medium-income class
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(41.1%). Less than half (43.7%) of the caregiv-  Self-medication practice assessment data:
ers have medical insurance. The prevalence of self-medication was shown

in Figure 1.
Chart Title

m Self medication practiced

m Self medication not practiced

Figure 1: The prevalence of self-medication among children under 5 years in three health

institutions in Addis Ababa.

The most common reasons for self-medication were displayed in Figure 2.

Reasons for Self-Medication Practice

95 1{36.1%I

Previous expernence

B0 (30.4%)

Mildness of iliness

Famuly members with medical background - 23 18.7%)
High cost of medical care - 20(7.6%)
Long waiting hours in health facilities - 17 (6.5%)
Long distance to health facilities - 16 {6.1%)
Other 12 (4.6%)

“ l

20 40 &0 80 100

Number of Respondents (Total = 263)
Figure 2: Reasons for self-medication practice among caregivers
cough and vomiting (31.9% and 24.7 %), re-

spectively.A significant proportion of care-
givers (89.5%) claimed that they bought the

Analgesics/antipyretics accounted for 75.3% of
the drug group most commonly used for self-
medication The majority of the children were

self-medicated for fever (81.3% ), followed by medications from drug stores, while a few

329



Ethiopian Journal of Pediatrics and Child Health, 2026, 21(3) ISSN 2413-2640  eISSN 2519-0334 Fanta et al.

used leftover drugs from previous prescrip-  scription-only medications (POM). However,
tions. Most (86.3%) caregivers checked the ex- ~ only 20.4% of them listed any of the POM
piry date before giving the self-medication drugs. The participants claimed that 90.4% of
drugs, and 45.2% always read the instructions  self-medicated children have improved from
before giving them. Most of the study partici-  their symptoms (Table 2).

pants (60%) claimed that they are aware of pre-

Table 2. Self-medication-related characteristics of the caregivers of under-five children,
Addis Ababa, 2024 (N = 263).

Variable Category frequency Percent
Frequency of self-medication Frequently 28 12.8%
(n=219) Sometimes 115 52.5%
Rarely 76 34.7%
Symptoms for self-medication ~ Fever 178 81.3%
(n=219) Diarrhea 17 7.8%
Cough 84 31.9%
Vomiting 54 24.7%
Abdominal pain 39 17.8%
Sore throat 9 4.1%
Types of drugs and number of  Analgesics/Antipyretics 165 48.7%
times they are self-prescribed Antibiotics 9 27.1%
Anti-helmenthics 71 20.9%
Anti malarias 2 0.5%
Other drugs 9 2.6%
Source of medication (n=219) Drug stores 196 89.5%
Left over from a previous 19 8.7%
illness
Other family members 3 1.4%
Other 1 0.5%
Check expiry date before giving Yes 189 86.3%
medication (n=219) No 30 13.7%
Do you have awareness of pre-  Yes 157 59.7%
scription-only medications No 106 40.3%
Outcome after self-medication ~ Improved 197 90.4%
Symptom persisted 14 6.4%
Developed reaction 1 0.5%
Symptom recurred 6 2.8%
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In the bivariable logistic regression model, res-
idency, education level, child’s age, distance
from the nearest health facility, family mem-
ber with a medical profession, monthly in-
come, and medical insurance were significant-
ly associated with self-medication. However,
urban residency, higher education, having a
family member with a medical profession, and
using medical insurance were the only signifi-

cant predictors of self-medication practice in

the multivariable logistic regression model.
The odds of self-medication for urban commu-
nity (AOR = 7.57; 95% CI: 2.83-20.29), hav-
ing family members in the medical professions
(AOR = 6.29; 95% CI =1.62-24.47), having
medical insurance (AOR = 4.1; 95% CI: 1.67-
10.06), monthly income (AOR = 2.02; 95%
CI: 1.13-3.61), and child’s age (AOR = 1.03;
95% CI: = 1.00-1.06) were significantly asso-
ciated with self-medication (Table 3).

Table 3: Bivariate and multivariable regression of independent variables and self-medication

among under-five children, Addis Ababa

Self-
Variable Category medication _ coR 95% cny P g(s)}} cry  p-value
Yes  No ’ (AOR)
Residency Urban 203 20 16.24 [7.36 - <0.001 7.57[2.83- <0.001*
35.85] 20.29]
Rural 16 24 1
Family Mem- Yes 40 341 6.74[2.02- 0.002 0.008*
ber in health 22.51]
profession No 179 0
3.16 [1.49-6.71 *
Medical Yes 23 21 [ ] 0.002
Insurance No 196 23
<5000 birr 38 27 4.10[242-6.96] <0.001 2.02[1.13—- 0.018%*
3.61]
Monthly 5000-10,000 birr 95 13
Income 10,000-20,000 57 4
birr
>20,000 29 0
<6 months 52 14 1.02[0.99-1.05] 0.117 1.03[1.00 -
1.06]
Child's Age 6-12 months 88 17
(Months) 1224 months 54 9
24-60 months 25 4 0.076

Note: COR = Crude Odds Ratio; AOR = Adjusted Odds Ratio; CI = Confidence Interval. Significant results (p <

0.05) are in bold.
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The Hosmer-Lemeshow test for this model was
2.4 (p = 0.97), showing that the model's predic-
tions are consistent with the actual data. The
multicollinearity test also lies below 8.0
(ranging from 1.6 to 7.7), confirming that there

is no serious overlap between the variables.
Discussion

In this study, 83% of the children self-
medicated. This was comparable to the study
conducted in Rwanda (78%), Tanzania (80%),
and Sydney, Australia (77.25%) (7,14,15). Our
finding indicates a higher prevalence than those
reported in Indonesia (58.8%) and Nigeria
(47.60%). However, it is lower when compared
with the study done in the democratic republic
of Congo (95.8%)(8,16-17). The main reasons
for self-medicating children in the current
study were previous experience (43.3%), and
mildness of the illness (36.5%) (2). A report of
a systematic review of adult patients in Ethio-
pia indicated that self-medication practice was
due to previous experience of treating a compa-
rable disease and feeling that the sickness was
mild (12,18). Similarly, reports from Australia
and Indonesia supported our findings (7,16).

self-

medication in children by their parents is care-

One of the factors that increased
givers' urban residency (7.6-fold increase). Our
finding was in contrast to the finding in the In-
donesian report, where a higher prevalence of
in rural residents

self-medication is seen

(58.8% vs 39.2) (8,17).
In cities like Addis Ababa, the high-density
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private drug retail outlets (DROs), and a com-
petitive commercial environment may have
contributed to a higher rate of self-medication
practice. The retail outlets are the main source
of drugs for over 83% of self-medicators, cre-
ating ground for urban dwellers to easily by-
pass prescription requirements by visiting dif-
ferent pharmacies until one complies (11). A
report from the Ethiopian pharmaceutical reg-
ulatory body indicated that a gap in regulato-
ry supervision has contributed to the high self

-medication practice.

Studies in the major Ethiopian towns showed
that perceiving the illness as “mild" is the
leading cause (approx. 47-50%) for self-
medication. Especially urban caregivers often
feel competent to manage coughs and fevers
based on "previous experience" or "peer in-
fluence," which were significantly associated
with the practice of self-medication(19). Our
study showed that caregivers who received
informal medical advice from a family mem-
ber in the medical profession had 6.3 times
higher self-medication practice than those
families without a family member with a
medical background. Reports from adult
studies support our findings(20). Caregivers
frequently seek advice from medically trained
family members when managing children’s
illnesses, perceiving such guidance as profes-
sional despite the absence of a formal clinical
assessment. Studies on infant self-medication
identify nurses, pharmacists, and doctors

within families as important informal sources



Ethiopian Journal of Pediatrics and Child Health, 2026, 21(3)

ISSN 2413-2640

eISSN 2519-0334 Fanta et al.

of treatment advice. While this may improve
early recognition of illness in some cases, it
also carries significant risks during childhood,
including inaccurate dosing, out-of-scope rec-
ommendations, delayed health-facility presen-
tation, and use of medicines not approved for
children. Family members of caregivers with a
medical background often give quick advice
like “ the child’s illness is mild; therefore just
give him/her Paracetamol or Oral Rehydration
Solution (ORS), etc.”. Therefore, family mem-
bers may feel confident treating the child with-

out visiting a health facility.

Having medical insurance was found to associ-
ate 3 folds with the practice of self-medicating.
This finding was also in contrast to the earlier
report by Gemmechu et al., a study done on
adults’ self-medication practice in the general
community (21). Further controlled studies are
recommended to verify these contradictory
findings. Caregivers with higher monthly in-
come have a 4-fold chance of self-medicating
their children. Economically well-off caregiv-
ers may prioritize convenience and opt for self
-medication to quickly address minor health
issues without taking time off work or disrupt-

ing their daily routine with a doctor's visit.

A trend was also observed in emerging urban
centers across Sudan and Brazil. Caregivers
tend to self-medicate older children more fre-
quently than their younger children, but this
difference was not statistically significant in
our findings. Reports from other investigators

showed a similar pattern (5).
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Limitation of the study

As this study is institution-based, the findings
may not represent the community at large.
The study may have suffered from a recall
bias as caretakers may not remember all the
events of self-medication in the past. The use
of consecutive sampling may have introduced
a non-random selection bias, hence limiting
generalizability. The report that the majority
of children’ improved’ after self-medication,
based on only the caregiver self-report, with
no clinical and objective verification, may
overestimate the positive outcomes and un-

derestimate the harm of self-medication.
Conclusion

This study showed highly prevalent self-
medication practice among caregivers of un-
der-five children attending the three health
institutions in Addis Ababa. The major deter-
minants of self-medication practice include
urban residency, high monthly income, a fam-
ily member in the medical profession, and
having medical insurance. The findings re-
vealed the need for attention to address the
issue of self-medication in the study area giv-
en its high level of practice. to substantiate
these findings, a more robust community-
based study is recommended, taking into ac-
count the above limitations to verify some of
the inconsistent results, and medical insur-
ance predisposing parents to self-medicate

their children.
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Abstract

Background: Weight loss during the first week of life is common in newborns, particularly
among exclusively breastfed infants. Some institutional protocols use weight-loss thresholds of
7%—10% to trigger intensified evaluation or hospitalization, although thresholds and manage-
ment approaches vary across settings. Structured breastfeeding support and close follow-up may

allow selected clinically stable newborns to be managed as outpatients.

Methods: A single-center retrospective descriptive cohort study without a comparison group was
conducted at a quaternary-level referral hospital in Bogota, Colombia, during 2022. Eligible
newborns were those delivered at the institution and documented to have >7% weight loss from
birth weight at the first outpatient check-up. The primary outcome was weight stabilization or
gain at the second check-up, defined as weight equal to or greater than that recorded at the first
outpatient visit. Proportions and 95% confidence intervals (Cls) were calculated for the main
outcomes. A weight loss of >10% by itself was not an indication for admission, hospitalization

was determined by clinical warning signs .

Results: A total of 381 newborns were included; 51.2% were female, 55.9% were firstborn,
54.9% were delivered by cesarean section, and 92.4% were exclusively breastfed. At the first out-
patient check-up, 57.7% had weight loss of 7% to <10%, while 42.3% had weight loss >10%.
Weight stabilization or gain was observed in 332 newborns (87.1%, 95% CI, 83.4%-90.1%), in-
cluding 84.4% of those with weight loss >10%.
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Within the analytic cohort, five newborns (1.3%, 95% CI, 0.6%—3.0%) required hospitalization

at or after the second outpatient assessment. The median interval between visits was 4 days

(IOR, 3-5).

Conclusions: In this selected cohort of clinically stable newborns with >7% early weight loss,

outpatient breastfeeding support was associated with weight stabilization or gain in most cases.

Further prospective comparative studies with predefined safety outcomes are needed.

Keywords: Breastfeeding support; Neonatal weight loss; Outpatient management;, Newborn,

Postnatal follow-up,; Hypernatremic dehydration

Introduction

Newborns typically lose weight during the
first week of life. Full-term infants lose an av-
erage of 5% 7% of their birth weight in the
first five days when exclusively breastfed,
compared with approximately 3.5% among
formula-fed infants (1). These differences re-
flect the physiology of early lactation, the
small but nutritionally appropriate volumes of
colostrum, and differences in early intake pat-

terns between feeding modalities (2—4).

Physiological weight loss must be distin-
guished from excessive or pathological weight
loss. Weight loss >10% may be associated
with clinically relevant complications, includ-
ing hypernatremia, dehydration, and hyper-
bilirubinemia. In many newborns, excessive
early weight loss is related to breastfeeding
challenges such as suboptimal latch or posi-
tioning, low feeding frequency, short feeds,
delayed lactogenesis, anatomical difficulties,

or maternal or infant illness (5).

Clinical practice varies across institutions. In
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many settings, significant early weight loss
prompts close clinical assessment and, when
warning signs are present, hospitalization to
investigate underlying causes and prevent
complications (1, 6). However, selected guid-
ance for otherwise healthy breastfed newborns
supports careful outpatient assessment, breast-
feeding support, and close follow-up when the
infant is clinically stable and no immediate
indication for admission is present (3, 5). This
approach may reduce mother—infant separation
and the risk of hospitalization when appropri-

ately applied.

For example, a United Kingdom clinical
guideline for healthy breastfed newborns rec-
ommends structured assessment for excessive
weight loss, including physical examination,
evaluation of breastfeeding, assessment of
urine and stool output, telephone follow-up at
24 hours in selected cases, and repeat in-
person weight assessment within 48 hours for
some weight-loss categories (5). Although this
recommendation was developed in a different

health-care context, it provides a practical
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framework for evaluating selected clinically
stable newborns in outpatient care. At Hospi-
tal Infantil Universitario de San José, an out-
patient model has been adapted to reinforce
breastfeeding support in selected newborns
with early weight loss. The primary objective
of this study was to estimate the proportion of
clinically stable newborns with >7% weight
loss who achieved weight stabilization or gain
after outpatient breastfeeding support. Sec-
ondary objectives were to describe baseline
clinical characteristics, clinical well-being
indicators at the first outpatient assessment,
follow-up hospitalization, and weight re-

sponse according to initial weight-loss cate-
gory.

Methods

Study design and setting

This was a single-center retrospective de-
scriptive cohort study conducted at Hospital
Infantil Universitario de San José, a quater-
nary-level referral hospital in Bogota, Colom-
bia, during 2022. The study did not include a
comparison group; therefore, analyses were
descriptive and were intended to characterize
weight evolution and hospitalization among
selected newborns managed as outpatients,
rather than to establish comparative effective-
ness or safety. This study was reported in ac-
cordance with the STROBE (Strengthening
the Reporting of Observational Studies in Ep-
idemiology) guidance for cohort studies; a
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completed STROBE checklist is provided as
Supplementary File 1.

Population, sampling, and eligibility crite-
ria

All newborns delivered at and followed up at
the institution during the study period were
screened for eligibility; newborns born outside
the institution were not eligible. Newborns
with gestational age >35 completed weeks and
documented weight loss >7% of birth weight
at the first outpatient check-up were included.
Newborns with anatomical malformations,
relevant comorbidities, or clinical indications
for immediate hospitalization were excluded
from the outpatient weight-response cohort,
including those requiring inpatient manage-
ment for jaundice, dehydration, infection, or
other acute conditions. Clinical stability was
defined as the absence of these warning signs
at the first outpatient assessment. The initial
weight-loss percentage did not by itself deter-
mine admission: a weight loss of >10% was
managed as an outpatient when the newborn
was clinically stable, and admission was driv-
en by clinical warning signs rather than by the
weight-loss category. A consecutive sampling
approach was used. Patient flow and the dis-
tinction between screened newborns, losses to
follow-up, early hospitalization before sched-
uled follow-up, records excluded after valida-
tion, and the final analytic cohort are summa-

rized in Figure 1.
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at first outpatient check-up
Screened: n = 511

[ Newborns with documented weight loss =7% J

J !

1

outpatient check-up

Lost to follow-up before second
n=99

Attended second outpatient
check-up
n = 407

second outpatient check-up

-
Hospitalized before scheduled
n=>5

n=26

Excluded after record validation

Medical record not found: 15
No clinical record available: 9
Weight discrepancy: 2

Final analytic cohort with complete follow-up
n = 381
4 ¥
Good response at second check-up Poor response at second check-up
(weight stable or increased) (weight lower than at first check-up)
n =332 n =49

Figure 1: Flowchart of newborn selection

Note: Hospitalizations after the second outpatient check-up were assessed separately and did not define

the response categories

Weight assessment and outpatient interven-

tion

Newborn weight was assessed at birth, at the
first outpatient check-up, and at the second out-
patient check-up. The first outpatient check-up
occurred within the first 7 days of life. Percent-
age weight loss was calculated as birth weight
minus first check-up weight, divided by birth
weight and multiplied by 100. During this visit,
pediatricians from the outpatient clinic provid-
ed structured breastfeeding support according
to institutional practice. The intervention in-
cluded clinical assessment of the newborn, as-
sessment of feeding frequency, latch (infant
attachment to the breast) and positioning, breast

examination when indicated, maternal educa-
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tion regarding warning signs, and reinforce-
ment of breastfeeding on demand. Advice
regarding expressed breast milk or supple-
mentation was individualized according to
clinical judgment. Breastfeeding support was
delivered by an outpatient pediatrician with
expertise in lactation rather than by a dedicat-
ed lactation consultant, and included assess-
ment of feeding frequency (on-demand or at
least every two hours), inspection of the
breast and nipple, and evaluation and correc-
tion of positioning and latch. Because of the
retrospective design, the duration of each
counseling session, the number of providers
involved, and the use of a formal standardized
checklist, structured feeding observation, pro-

vision of written instructions to families, and
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involvement of dedicated lactation consult-
ants were not consistently documented in the
medical records; the intervention is therefore
described as it was recorded in routine clini-
cal practice rather than as a structured re-
search protocol. Hospitalization was consid-
ered when warning signs were present, in-
cluding poor general condition, dehydration,
clinically significant jaundice, suspected in-
fection, ineffective feeding, or inadequate
urine or stool output. A second check-up was
scheduled 2 to 7 days later to assess weight

evolution.
Outcome definition

The primary outcome was weight stabiliza-
tion or gain at the second outpatient check-up,
defined as a second check-up weight equal to
or greater than the weight recorded at the first
outpatient visit. A poor weight response was
defined as a second check-up weight lower
than the weight recorded at the first outpatient
visit. This weight-based outcome was not
considered a complete safety endpoint. Hos-
pitalization at or after the second outpatient
assessment was analyzed as a secondary clini-

cal outcome.
Variables

The variables assessed at the first outpatient
check-up included weight-related variables
(birth weight, first check-up weight, and per-
centage of weight loss), potential risk factors

(gestational age, gestational-age category,
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mode of delivery, type of feeding, maternal
age, parity, and sex), and clinical well-being
indicators. Clinical well-being indicators in-
cluded number of daily bowel movements, uri-
nation pattern, presence of jaundice, urate
crystals, and general condition. Normal bowel
movements were defined according to institu-
tional clinical criteria as two or more stools per
day; before the third day of life, normal stool
color was black (meconium) or green, and
from the third day onward, green or yellow
was considered normal. Normal urination was
defined according to the newborn's day of life
as approximately 2-4 voids per day during
days two to four and 5-6 voids per day from
the fifth day of life onward; urination pattern
was recorded as reported by caregivers and
assessed by the attending pediatrician. Jaun-
dice not requiring hospitalization was defined
as the presence of mild icteric tinting at the
first outpatient check-up, without clinical signs
of severe or rapidly progressive hyperbiliru-
binemia. Jaundice was assessed clinically by
visual inspection by the attending pediatrician;
transcutaneous or serum bilirubin was not sys-
tematically measured in the outpatient setting,
and newborns requiring inpatient management
of jaundice were excluded. Visual assessment
may therefore misclassify clinically important
hyperbilirubinemia. Urate crystals were rec-
orded as present or absent. General condition
was recorded as good or irritable based on

clinical assessment.
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Data collection

Data collection followed a structured five-step
process. First, an institutional Excel database
maintained by the outpatient pediatrician,
which included all newborns who attended the
first outpatient check-up and had documented
weight loss, was used as the primary source.
Second, newborns with weight loss >7% were
identified from this list. Third, a new database
was generated for this subgroup, including
variables related to weight loss and clinical
well-being indicators. Fourth, the electronic
medical records of each newborn were indi-
vidually reviewed using the Hospital Infantil
Universitario de San José clinical software,
from which the study variables were extracted
from pediatric and gynecology-obstetrics rec-
ords. Fifth, to ascertain the secondary out-
come of hospitalization at the second check-
up, a separate database provided by the outpa-
tient pediatrician—containing all newborns
hospitalized during follow-up—was cross-
referenced, retaining only those hospitalized
at or after the second outpatient weight assess-
ment. A single complete review of each first-
visit medical record was performed jointly by
the research team members. Data extraction
and validation were performed using prede-
fined variables. Discrepancies between the
database and the medical record were resolved
by re-reviewing the electronic record; records
with missing charts, unavailable clinical
notes, or inconsistent weights that could not

be resolved were excluded. Because the study
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was retrospective and hospitalization tracking
relied on institutional databases, hospitaliza-
tions occurring outside the institution could not
be reliably captured and represent a potential
source of underascertainment. No formal fol-
low-up window beyond the second check-up

was established.

Statistical analysis

A descriptive analysis was performed using
Microsoft 365 Excel. Categorical variables are
presented as absolute frequencies and percent-
ages, while quantitative variables are reported
as medians and interquartile ranges based on
the data distribution of the variables. The pro-
portions of weight stabilization or gain and
hospitalization were reported with 95% CIs
calculated using the Wilson score method; re-
sults were independently cross-verified using
an online

QuickCalcs). The interval between the first and

statistical calculator (GraphPad

second outpatient visits was summarized as
median and interquartile range. No compara-
tive hypothesis testing or causal analysis was
performed. Quality-control procedures includ-
ed range checks, verification of formulas, joint
review of key wvariables, and consistency
checks between the database, tables, and manu-
script text. All confidence intervals, subgroup
proportions, and sensitivity analyses were
recomputed independently to confirm repro-
ducibility, and the underlying weight data
(birth weight and first- and second-check-up
weight) permit recalculation of all reported

proportions.



Ethiopian Journal of Pediatrics and Child Health, 2026, 21(3)

ISSN 2413-2640

elSSN 2519-0334 Piedrahita et al.

Results

A total of 511 newborns had documented
weight loss >7% at the first outpatient check-
up. Of these, 99 did not attend the second
check-up and 5 were hospitalized before the
scheduled second outpatient weight assess-
ment; these newborns were not included in the
weight-response analytic cohort. The out-
comes of the 99 newborns lost to follow-up
could not be verified. Among 407 newborns
who attended the second check-up, 26 records
were excluded because of missing or incon-
sistent data, including medical record not

found (n = 15), no clinical record available (n

=9), and unresolved weight discrepancy (n =
2). The final analytic cohort comprised 381
newborns. Of these, 51.2% were female and
55.9% were firstborn. The median birth weight
was 2880 g (IQR, 2640-3160), and the median
maternal age was 29 years (IQR, 25-33); 1.3%
of mothers were underage. The median gesta-
tional age was 38 weeks (IQR, 37-39), and 47
newborns (12.3%) were late preterm (35-36
completed weeks). Cesarean section was the
mode of delivery in 54.9% of cases, and
92.4% of newborns were exclusively breastfed
(Table 1).

Table 3: Baseline characteristics of the study population

Variable Category Number (%) or Median (IQR)
Parity Primiparous 213 (55.9%)
Multiparous 168 (44.1%)
Gestational age, median in weeks 38 (37-39)
Gestational age category Late preterm (35-36 weeks) 47 (12.3%)
Gestational age category Term (>37 weeks) 334 (87.7%)

Sex Female 195 (51.2%)
Male 186 (48.8%)
Maternal age, median in years 29 (25-33)
Type of delivery Cesarean 209 (54.9%)
Vaginal 172 (45.1%)
Type of feeding Exclusive breastfeeding 352 (92.4%)
Mixed feeding 26 (6.8%)
Formula 3 (0.8%)

At the first outpatient check-up, 220 newborns
(57.7%) had weight loss of 7% to <10%,
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while 161 (42.3%) had weight loss >10%
of birth weight. Among the 161 newborns
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categorized as having >10% loss, recalculat-
ed percentage weight loss was 10% to <12%
in 87, 12% to <15% in 62, and >15% in 7
(maximum 18%); the remaining 5 had recal-
culated values below 10% (four just under
the threshold at 9.7%-9.9% and one reflect-
ing a recording discrepancy) and were re-
tained in the >10% category as originally rec-
orded. The median day of life was 4 (IQR, 3—
5) at the first outpatient check-up and 8 (IQR,

6-9) at the second.

At the first outpatient assessment, normal
bowel movements were documented in 342
newborns (89.8%), normal urination in 328
(86.1%), absence of jaundice in 312 (81.9%)),
and absence of urate crystals in 374 (98.2%).
Most, 380 newborns (99.7%), were reported
to be in good general condition, whereas 1
(0.3%) was described as irritable. Details are

presented in Table 2.

Table 2. Clinical well-being indicators at the first outpatient assessment

Variable Category Number (%)
Number of daily bowel movements Normal 342 (89.8%)
Abnormal 39 (10.2%)
Urination Normal 328 (86.1%)
Abnormal 53 (13.9%)
Urate crystals No 374 (98.2%)
Yes 7 (1.8%)
General condition Good 380 (99.7%)
Irritable 1 (0.3%)
Jaundice Present 69 (18.1%)
Absent 312 (81.9%)

Overall, 332 newborns (87.1%; 95% CI,
83.4%-90.1%) had weight stabilization or
gain at the second outpatient check-up, where-
as 49 (12.9%; 95% CI, 9.9%—-16.6%) had a
poor weight response. Between the first and
second outpatient visits, the median absolute
weight change was +100 g (IQR, 40-165). At
the second check-up, the median weight defi-
cit relative to birth weight was 6.3% (IQR,
3.9%-9.0%); 74 newborns (19.4%) still had a
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deficit of >10%, and 25 (6.6%) had returned to
at least their birth weight. As shown in Figure
2, 89.1% (95% CI, 84.39%-92.6%) of new-
borns with weight loss of 7% to <10% and
84.5% (95% CI, 78.1%—-89.3%) of those with
weight loss >10% had weight stabilization or
gain. Within the analytic cohort, five new-
borns (1.3%; 95% CI, 0.6%—3.0%) required
hospitalization at or after the second outpa-

tient assessment. This proportion excludes the
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five newborns hospitalized before the sched-
uled second assessment and cannot capture
hospitalizations at other facilities; it therefore
does not represent a complete safety outcome.
Three hospitalized newborns were in the poor
-response group and two were in the weight
stabilization/gain group. Four of the five hos-
pitalized newborns had jaundice documented
at the first check-up; however, the primary
admission diagnosis was not available as a
structured field in the analyzable database. All
five were in good general condition at the first
outpatient assessment and two had abnormal

stool output. Bilirubin and serum sodium val-

ues and structured admission diagnoses were
not available in the analyzable dataset, which
precludes a full assessment of the clinical rea-
sons for hospitalization.

Figure 2. Response to outpatient management
according to initial weight-loss category Bars
show the percentage of newborns with weight
stabilization/gain versus poor response within
each initial weight-loss category; error bars
are 95% Wilson confidence intervals. Weight
stabilization/gain occurred in 196/220 (89.1%;
95% Cl, 84.3%-92.6%) of newborns with 7%
to <10% loss and in 136/161 (84.5%; 95% CI,
78.1%—-89.3%) of those with >10% loss.

Response to outpatient management according to initial weight-loss category

7% to <10% weight loss
100 1 89.1%

90 1
80 1
70 1
60 A
50 A
40
30~
201
10

10.9%

Percentage of newborns (%)

Weight
stabilization/gain

Poor
response

=10% weight loss
84.5%

15.5%

Weight
stabilization/gain

Poor
response

Figure: 2: Response to outpatient management according to initial weight-loss

Table 3 presents characteristics by response
group. Type of delivery was cesarean in 183
(55.1%) newborns with weight stabilization/
gain and 26 (53.1%) with poor response; vag-
inal in 149 (44.9%) and 23 (46.9%), respec-
tively. Female sex was documented in 169
(50.9%) and 26 (53.1%). Exclusive breast-
feeding was reported in 306 (92.2%) and 46
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(93.9%). Primiparity was present in 189
(56.9%) and 24 (49.0%). Median gestational
age was 38 weeks (IQR, 37-39) in the weight
stabilization/gain group and 38 weeks (IQR,
37-38.6) in the poor-response group. Median
maternal age was 29 years (IQR, 25-33) and
31 years (IQR, 27-33), respectively.
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Table 3. Characteristics by response group

Weight stabilization/ Poor response
Variable Category gain Number (%) or Number (%) or
Median (IQR) Median (IQR)
Type of delivery Cesarean 183 (55.1%) 26 (53.1%)
Vaginal 149 (44.9%) 23 (46.9%)
Sex Female 169 (50.9%) 26 (53.1%)
Male 163 (49.1%) 23 (46.9%)
Type of feeding  Exclusive breastfeeding 306 (92.2%) 46 (93.9%)
Formula 3 (0.9%) 0 (0.0%)
Mixed feeding 23 (6.9%) 3 (6.1%)
Parity Primiparous 189 (56.9%) 24 (49.0%)
Multiparous 143 (43.1%) 25 (51.0%)
Gestational age  in weeks 38 (37-39) 38 (37-38.6)
Maternal age in years 29 (25-33) 31 (27-33)

Data are presented as number (percentage) or median (interquartile range). This table presents a

descriptive characterization of the two response groups and was not designed for inferential compari-

sons; no hypothesis testing was performed, and no conclusions about predictors of weight response

should be drawn from these data.

The median interval between the first and sec-
ond outpatient check-up was four days (IQR,
3-5). Of the 381 newborns, 142 (37.3%) were
reassessed at 2-3 days, 194 (50.9%) at 4-5
days, and 45 (11.8%) at 67 days after the
first check-up. Weight stabilization or gain
was documented in 123 of 142 (86.6%) new-
borns reassessed at 2-3 days, 172 of 194
(88.7%) reassessed at 4-5 days, and 37 of 45
(82.2%) reassessed at 67 days. Because the
outcome was assessed at a scheduled follow-
up visit rather than as a continuously observed

event, an incidence rate per person-days was
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not reported. The distribution of follow-up
timing and its potential influence on weight
outcomes are discussed in the Limitations sec-

tion.

Discussion

This study evaluated weight evolution in clini-
cally stable newborns with >7% weight loss at
their first outpatient visit in a quaternary-level
referral hospital in Bogota. The institutional
approach prioritizes breastfeeding support and
clinical reassessment, recognizing feeding dif-
ficulties as a frequent contributor to early

neonatal weight loss. Because weight-loss
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thresholds and hospitalization practices vary
across institutions, our findings should be in-
terpreted within the context of a selected out-
patient cohort and not as evidence that hospi-
talization can be avoided in all newborns with

>7% weight loss.

Data on outpatient follow-up of newborns with
early weight loss in Latin American settings
are limited. Most research focuses on mean
weight loss, timing of nadir, and associated
factors rather than structured outpatient breast-
feeding support after a first post-discharge as-
sessment (7-9). Two studies monitored weight
only until discharge (2-3 days), likely missing
the nadir (9-10). Miyoshi et al. (11) followed
infants until day five, identifying the nadir on
day three. McDonald et al. (1) and Manganaro
et al. (12) reported nadirs at 2.7 and four days
post-discharge. Flaherman et al. (13—14) ob-
served more frequent post-discharge monitor-
ing after cesarean delivery, potentially under-

estimating nadirs in vaginal births.

In our study, weights were measured between
days 2—7 after birth. Infants assessed earlier
may have been closer to their weight nadir,
while those evaluated after day 5 may have
already begun weight recovery. The distribu-
tion of response rates by follow-up interval (2—
3, 4-5, and 67 days) is reported in the Results
and was broadly similar across groups, alt-
hough the study was not designed to formally
compare subgroups. Variation in the timing of

the second check-up may have influenced the
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probability of documenting weight stabiliza-
tion or gain and should be considered when

interpreting the results.

The high proportion of newborns with weight
stabilization or gain suggests that many select-
ed clinically stable newborns improved after
outpatient breastfeeding support; however,
without a comparison group, it is not possible
to determine how much of this change was
attributable to the intervention, spontaneous
postnatal weight recovery, timing of reassess-
ment, or selection of lower-risk newborns.
Response rates by follow-up interval (86.6%
[95% CI, 80.0%-91.3%] at 2-3 days, 88.7%
[83.4%-92.4%] at 4-5 days, and 82.2%
[68.7%-90.7%] at 67 days) were broadly
similar, however, the study was not designed
to test whether the timing of reassessment in-
fluenced this proportion, and these subgroup
comparisons should be interpreted with cau-
tion given the observational design and small

subgroup sizes.

Late-preterm newborns represented 12.3% of
the cohort. This subgroup is clinically relevant
because feeding immaturity may increase the
risk of excessive weight loss and readmission.
Other studies included only infants >36 weeks
(13-17) or full-term newborns (7, 9, 18-20),
which may partly explain differences across
studies. Future studies should prespecify strat-

ified analyses by gestational-age category.

Two studies excluded formula-fed infants

(13—14), which may affect estimates of early
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weight loss. Four studies—Gallardo et al. (7),
Martens et al. (8), Manganaro et al. (12), and
Regnault et al. (21)—included more than one
feeding type. In the last two, exclusive breast-
feeding predominated among infants with
>10% weight loss (85.2% and 74%, respec-
tively), similar to our cohort, which was pre-
dominantly exclusively breastfed. Because on-
ly three newborns in the present study received
formula alone, these findings should not be

generalized to formula-fed infants.

Miyoshi et al. (11) and Manganaro et al. (12)
reported clinical characteristics of infants with
>10% loss. Cesarean delivery predominated in
Manganaro et al. (77%), consistent with Fon-
seca et al. (22). Miyoshi et al. (11) reported
more vaginal births (64.6%) and higher primi-
parity (52%), similar to the high proportion of
firstborn newborns observed in our cohort and
consistent with previous evidence that new-
borns of first-time mothers may experience

greater early weight loss (10).

Females represented 51.2% of the cohort. Ac-
cording to national birth statistics, more males
than females were born in Colombia in 2022
(23); however, females slightly predominated
in our sample. Sarmiento-Aguilar et al. (24), in
a study specifically examining percentage of
birth weight loss as a reference for well-being
in exclusively breastfed newborns, suggest that
female sex may be associated with greater ear-
ly weight loss, though the underlying mecha-

nism remains unclear. This finding is descrip-
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tive, and no inference can be made regarding
sex-related susceptibility in the absence of

comparative analysis.

Although this outpatient model was developed
in a Latin American referral hospital, the un-
derlying principle—supporting breastfeeding
and providing close weight follow-up for clin-
ically stable newborns rather than defaulting
to admission—is potentially relevant to other
resource-limited settings, including many low-
and middle-income countries where inpatient
capacity is constrained and mother—infant sep-
aration carries particular costs. Structured post
-discharge newborn follow-up is a core com-
ponent of postnatal care recommended by the
World Health Organization, and locally
adapted breastfeeding-support pathways may
help reduce avoidable hospitalizations when
applied to appropriately selected, clinically

stable infants (25).
Study Limitations

This study has several limitations. First, it was
a single-center retrospective descriptive co-
hort without a comparison group, which limits
causal interpretation and generalizability. Sec-
ond, newborns with clinical indications for
hospitalization were excluded from the outpa-
tient weight-response cohort, which may have
selected a lower-risk population and weakens
any safety inference. Third, five newborns
who met the initial screening criterion were
hospitalized before the scheduled second out-

patient assessment and were not included in
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the weight-response analytic cohort; their clini-
cal profiles and admission diagnoses were not
systematically captured in a structured format
and could not be fully described. Fourth, 99 of
511 screened newborns (19.4%) did not attend
the second check-up, and their weight and hos-
pitalization outcomes could not be verified;
outpatient safety cannot be confirmed for this
group, and some may have required care at
other institutions. Because these newborns did
not complete follow-up, their outcomes remain
unknown; in a sensitivity analysis, if the 99
newborns lost to follow-up and the 5 hospital-
ized before the scheduled assessment were all
reclassified as poor outcomes, the proportion
with weight stabilization or gain would fall
from 87.1% to 68.5% (332/485; 95% CI,
64.2%—72.4%), whereas in the opposite best-
case scenario it would be 89.9% (436/485;
95% CI, 86.9%-92.3%). These bounds indicate
that losses to follow-up could substantially in-
flate the apparent success rate, so the primary
estimate should be interpreted as applying to
the analytic cohort rather than to all screened
newborns. Fifth, the follow-up interval varied
from 2 to 7 days, which may have influenced
the probability of documenting weight stabili-
zation or gain: newborns assessed at 2—3 days
were more likely near their weight nadir, while
those assessed at 6—7 days may have already
begun spontaneous recovery. The distribution
of follow-up timing and response rates by in-
terval are reported in the Results section; these

data suggest broadly similar response rates
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across intervals, but the study was not de-
signed or powered to formally compare sub-
groups. Sixth, biochemical safety outcomes
such as serum sodium, bilirubin levels, and
emergency department visits outside the insti-
tution were not consistently available or re-
trievable. No formal follow-up window be-
yond the second outpatient check-up was es-
tablished; newborns hospitalized after this visit
were identified through institutional databases,
but events occurring at other facilities could
not be captured, which may underestimate the
true rate of adverse outcomes. Data were ex-
tracted through a single joint review of each
medical record rather than by two independent
reviewers; a predefined set of variables was
used, but a piloted standardized extraction
form and formal inter-rater agreement (e.g.,
Cohen’s kappa) were not assessed, which may
allow residual extraction error. Finally, several
known risk factors were not evaluated, includ-
ing intrapartum fluid administration, epidural

use, and maternal body mass index.

Conclusion

This study adds data from a Latin American
quaternary hospital on weight evolution
among selected clinically stable newborns
with >7% early weight loss managed through
outpatient breastfeeding support. Most new-
borns in the analytic cohort had weight stabili-
zation or gain at the second outpatient assess-
ment, and few hospitalizations were docu-
mented within the analytic cohort. However,

the retrospective design, absence of a
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comparator group, losses to follow-up, exclu-
sion of hospitalized newborns, and absence of
predefined biochemical safety outcomes pre-
vent conclusions about comparative safety or
effectiveness. These findings should be con-
sidered hypothesis-generating. A prospective
comparative study with a clearly defined con-
trol group—for example, comparing outpatient
management with a historical or concurrent
cohort of hospitalized newborns—with stand-
ardized breastfeeding-support protocols and
predefined clinical and biochemical safety out-
comes is needed to determine whether this ap-
proach reduces hospitalization without in-
creasing adverse outcomes.

Declarations

Ethical considerations

The study complied with the Declaration of
Helsinki and national regulations. Ethical ap-
proval was granted by the Research Commit-
tee of Fundacion Universitaria de Ciencias de
la Salud (Record No. 724, December 4, 2023).
Informed consent was waived due to the retro-
spective observational design. Data were
anonymized before analysis, and access to the
electronic medical records and Excel database
was restricted to authorized study personnel.
The analytic dataset did not include direct per-

sonal identifiers.

Authors’ contributions

LVAP: study conception and design, data
collection, data analysis, drafting of the manu-

script, and critical revision. PAMB: study de-

350

sign, interpretation of results, manuscript
drafting, and critical revision. NMB: pediatric
data collection, data interpretation, and manu-
script review. MMP: pediatric data collection,
data analysis, and manuscript editing. JCMM:
methodological supervision, statistical analy-
sis, and final approval of the manuscript. All
authors read and approved the final version of

the manuscript.

Competing interests

The authors declare no competing interests.
Funding

This study received no external funding.
References

1. Macdonald PD, Ross SR, Grant L, Young
D. Neonatal weight loss in breast and for-
mula-fed infants. Arch Dis Child Fetal Ne-
onatal Ed. 2003;88(6):F472—6.
do1:10.1136/fn.88.6.F472.

2. Kellams A, Harrel C, Omage S, Gregory
C, Rosen-Carole C; Academy of Breast-
feeding Medicine. ABM Clinical Protocol
#3: Supplementary feedings in the healthy
term breastfed neonate, revised 2017.
Breastfeed Med. 2017;12:188-98.

3. Hoyt-Austin AE, Kair LR, Larson IA, Ste-
hel EK; Academy of Breastfeeding Medi-
cine. Academy of Breastfeeding Medicine
Clinical Protocol #2: Guidelines for Birth
Hospitalization Discharge of Breastfeed-
ing Dyads, Revised 2022. Breastfeed Med.
2022;17(3):197-206. doi:10.1089/
bfim.2022.29203.ach.



Ethiopian Journal of Pediatrics and Child Health, 2026, 21(3)

ISSN 2413-2640

elSSN 2519-0334 Piedrahita et al.

4.

Meek JY, Noble L; Section on Breast-
feeding. Policy Statement: Breastfeeding
and the Use of Human Milk. Pediatrics.
2022;150(1):€2022057988. doi:10.1542/
peds.2022-057988.

Lyons L, Naylor J. Trust guideline for the
prevention and management of excessive
weight loss in healthy breastfed new-
borns. NHS Foundation Trust. 2021;4:1—
15. Available https://

www.nnuh.nhs.uk/publication/prevention-

from:

and-management-of-excessive-weight-
loss-in-healthy-breastfed-newborns-
mid23-v4/ Accessed July 1, 2026.

Mulder PJ, Johnson TS, Pridham KF. Ex-
cessive weight loss in breastfed infants
during the postpartum hospitalization. J
Obstet Gynecol Neonatal Nurs. 2010;39
(1):15-26.

Gallardo Lopez M, Alvarez J, Cortés A,
Bravo L. [Weight decrease in full-term

newborns in the first 48 hours postnatal].
Rev Chil Pediatr. 2018;89(3):325-31.

Martens PJ, Romphf L. Factors associat-
ed with newborn in-hospital weight loss:
comparisons by feeding method, de-
mographics, and birthing procedures. J
Hum Lact. 2007;23(3):233-41.

Thulier D. Weighing the facts: a system-
atic review of expected patterns of weight
loss in full-term, breastfed infants. ] Hum
Lact. 2016;32(1):28-34.

10. Wilbaux M, Gex-Fabry M, De Halleux V,

351

11.

12.

13.

14.

15.

16.

et al. Personalized weight change predic-
tion in the first week of life. Clin Nutr.
2019;38(2):689-96.

Miyoshi Y, Tashiro N, Mitsuda T, Nakago-
mi A, Itabashi K. Determinants of exces-
sive weight loss in breastfed full-term new-
borns at a baby-friendly hospital: a retro-
spective cohort study. Int Breastfeed J.
2020;15(1):19.  doi:10.1186/s13006-020-
00261-8.

Manganaro R, Marseglia L, Mami C, Ge-
melli M. Incidence of dehydration and hy-
pernatremia in exclusively breast-fed in-
fants. J Pediatr. 2001;139(5):673-5.

Flaherman VIJ, Schaefer EW, Kuzniewicz
MW, Li SX, Walsh EM, Paul IM. Early
weight loss nomograms for exclusively
breastfed newborns. Pediatrics. 2015;135
(1):e16-23. doi:10.1542/peds.2014-1532.

Flaherman VJ, Kuzniewicz MW, Li SX,
McCulloch CE, Newman TB. Newborn
weight loss during birth hospitalization and

breastfeeding outcomes through age 1
month. J Hum Lact. 2017;33(1):225-30.

Paul IM, Schaefer EW, Miller JR, et al.
Weight change nomograms for the first
month after birth. Pediatrics. 2016;138
(6):20162625.

Bertini G, Rubaltelli FF, Dani C, Reali
MF, Bertoni TE, Filippi L. Physiological
weight loss chart helps to identify high-risk
infants who need breastfeeding support.
Acta Paediatr. 2015;104(10):1024-7.



Ethiopian Journal of Pediatrics and Child Health, 2026, 21(3)

ISSN 2413-2640

elSSN 2519-0334 Piedrahita et al.

17.

18.

19.

20.

21.

Hamilcikan S, Veysel G. Early weight loss
in exclusively breastfed term neonates.
Iran J Pediatr. 2017;27(2):€9497.

Mezzacappa MA, Ferreira BG. Excessive
weight loss in exclusively breastfed full-
term newborns in a baby-friendly hospital.
Rev Paul Pediatr. 2016;34(3):281-6.

DiTomasso D, Cloud M. Systematic re-
view of expected weight changes after
birth for full-term, breastfed newborns. J
Obstet Gynecol Neonatal Nurs. 2019;48
(6):593-603.

Verd S, de Sotto D, Fernandez C, Gutiér-
rez A. Impact of in-hospital birth weight
loss on short and medium term breastfeed-
Int  Breastfeed J.

ing  outcomes.

2018;13:25.

Regnault N, Botton J, Forhan A, Blondel
B, Heude B, Charles MA. Determinants of
neonatal weight loss in term-infants: spe-
cific association with pre-pregnancy mater-
nal body mass index and infant feeding

mode. Arch Dis Child Fetal Neonatal Ed.
2011;96(3):F217-22.

352

22.

23.

24.

25

Fonseca MJ, Severo M, Barros H, Santos
AC. Determinants of weight changes dur-
ing the first 96 hours of life in full-term
newborns. Birth. 2014;41(2):160-8.

Departamento Administrativo Nacional de
Estadistica (DANE). Estadisticas vitales de
nacimientos y defunciones. Nacimientos
2022. Available https://

www.dane.gov.co/index.php/estadisticas-

from:

por-tema/salud/nacimientos-y-defunciones/
nacimientos/nacimientos-2022  Accessed

July 1, 2026.

Sarmiento-Aguilar A, Diaz-Martinez LA,
Torres-Gutiérrez CE, Rodriguez-Weber
FL, Diaz-Greene EJ. Percentage of birth
weight loss as a reference for the well-
being of the exclusively breastfed new-
born. Bol Med Hosp Infant Mex. 2022;79
(6):341-9.

. World Health Organization. WHO recom-

mendations on maternal and newborn care
for a positive postnatal experience. Gene-
va: World Health Organization; 2022.
Available
publications/i/item/9789240045989
cessed July 1, 2026.

from:  https://www.who.int/

Ac-



DOI: https://dx.doi.org/10.4314/ejpch.v21i3.7

Ethiopian Journal of Pediatrics and Child Health, 2026, 21(3)

Open access articles distributed in terms of ISSN 2413-2640  eISSN 2519-0334 Weldetsadik et al.
Creative Commons Attribution Licence [CC by 4.0]

OPEN ACCESS
Original article

Knowledge and SKkill of Pediatric Cardiopulmonary Resuscitation among nurses and physi-

cians at St. Paul's Hospital Millennium Medical College

Abate Yeshidinber Weldetsadik" *, Chaltu Nemomsa’

!'Saint Paul’s Hospital Millennium Medical College, Division of Pediatric Pulmonary and
Critical Care Medicine, Addis Ababa, Ethiopia, ORCID: 0000-0002-1182-4932

*Gebretsadik Shawo General Hospital, Bonga, Ethiopia
*Corresponding author: yeshidinbera@yahoo.com

Abstract

Background : Cardiopulmonary Resuscitation (CPR) is a lifesaving procedure for patients in
cardiac arrest. The knowledge and skills of health professionals affect the quality of CPR and
patient outcomes. This study assessed CPR knowledge and skill of pediatric healthcare providers
in a tertiary hospital in Addis Ababa.

Methods: A descriptive study was conducted from February 1, 2021, to June 30, 2021. Data was
collected using a structured questionnaire based on the American Heart Association (AHA)
guideline. CPR skills were assessed using American Heart Association-CPR (AHA-CPR) check-
list, with the participant performing CPR on a high-fidelity manikin. Data were analyzed using
SPSS version 26.

Results: Among 202 pediatric healthcare providers, a final sample of 190 was included. Age
ranges from 22-40 years with a median of 27 (IQR 25-28). Participants were 91 (47.9%) nurses,
34 (17.9%) interns, 63(33.1%) pediatric residents, and two pediatricians (1.1%). The mean
knowledge score was 38.51% (SD=14.68), and median of 35.29% (IQR 29.41-47.06), with no
participant scoring above 84%. Nurses had lowest score on knowledge questions. The mean skill
score was 22.01% (SD=14.25) with the highest score by pediatricians and lowest by nurses.
Working in the PICU was also associated with better CPR skills while NICU staffs have the low-

est.
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Conclusion: The knowledge and skill of pediatric CPR among health professionals working at

our hospital is very poor. Basic and Advanced Life Support training and the performance of pe-

diatric providers should be emphasized and improved.

Keywords: Knowledge, Skill, Cardiopulmonary resuscitation, pediatric service providers, Ethio-

pia.
Introduction

Cardiopulmonary resuscitation (CPR) is a life-
saving procedure performed for a patient in
cardiac arrest (1). The first documented suc-
cessful mouth-to-mouth resuscitation was in
1732 (2) whereas chest compression was first
used successfully in 1891 (3). Mouth-to-
mouth breathing was combined with chest
compressions in 1960 (2). Subsequently, in
1983 AHA developed CPR and Emergency
Cardiovascular Care (ECC) guidelines for
children (2) followed by the establishment of
the International Liaison Committee on Re-
suscitation in 1992 (4). CPR consists of Chest
compression, Airway, and Breathing, usually
performed in this order, although compression
-only CPR is possible for bystander CPR in
out-of-hospital settings (1, 5).

The AHA pediatric in-hospital chain of sur-
vival consists of six components: Early recog-
nition and prevention, Activation of emergen-
cy response, High-quality CPR, Advanced
resuscitation, Post Cardiac Arrest Care, and

Recovery (5).

High-quality CPR is an integral part of the
management of intra-hospital Cardiac arrest
(IHCA) (5). It has five components: adequate
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chest compression depth, optimal chest com-
pression rate, minimizing interruptions in
CPR, allowing full chest recoil between com-
pressions, and avoiding excessive ventilation
(5). The outcome of cardiac arrest depends on
the quality of the resuscitation and can be tar-
geted by resuscitation training programs to im-

prove patient outcomes (6, 7).

Incidence of IHCA ranges from 1-5 events per
1000 hospital admissions across in all ages
(8).incidence of IHCA in pediatrics is 0.7%-3
% of all admission and 5.5% of PICU admis-
sions (9, 10). Multiple factors account for dif-
ferences in the outcome of IHCA. Patient-
related factors include age, sex, arrest rhythm,
arrest location, affected organs, and disease
severity (11-13). Non-patient-related factors
are also associated with outcomes after cardiac
arrest. One such association is lower survival
rates from IHCA during nights and weekends
than weekdays, which could be because of
lower surveillance, less availability of trained
staffing, ancillary personnel, important medi-
cal services, and common urgent procedures;
and reduced psychophysical performance (14,
15).

Many studies have shown that patient survival

after cardiac arrest depends on the quality of



Ethiopian Journal of Pediatrics and Child Health, 2026, 21(3)

ISSN 2413-2640

eISSN 2519-0334 Weldetsadik et al. .

CPR (16, 17, 18, 19). Moreover, a prospec-
tive cohort study documented that patients
whose arrest was discovered by an Advanced
Life Support trained nurse are 4 times more
likely to survive to discharge than patients
discovered by a non-trained nurse (20). These
data suggest that CPR knowledge & skill af-
fect patient survival after cardiac arrest (18-
20).

Worldwide, many studies have assessed
knowledge of CPR and related factors (21-
27), but only a few assessed both knowledge
and skills in CPR (25, 26). Furthermore, only
a few had assessed CPR knowledge and skills
in pediatric providers (24, 26).

Similar studies are scarce in Ethiopia. One
study evaluated the BLS knowledge and prac-
tice among 388 nurses (27). In this study, two
-thirds of the nurses had never received BLS
training, and the mean knowledge score was
very low, with 61% demonstrating poor
knowledge and 72 % having poor practice.
However, the study has several limitations;
the questionnaire was neither validated nor
pretested and the knowledge assessment was
not conducted with a standard cutoff point
that it
knowledge deficit. Although, CPR is team-
work, the study included only nurses (27).

may have underestimated the

The documentation of gaps in the quality of
CPR, as it impacts patient outcomes, presents
an opportunity to improve survival after car-

diac arrest. Thus, we aimed to determine the
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Pediatric CPR knowledge and skill among
nurses and physicians using AHA-based tools
and to evaluate the determinants of CPR
knowledge and skill at a tertiary center in Ethi-

opia.
Methods and materials
Study setting

The study was conducted in the Department of
Pediatrics at St. Paul’s Hospital Millennium
Medical College (SPHMMC), a tertiary Center
in Addis Ababa with more than 700 beds (28).
The Department of Pediatrics has a total of 85
beds (4 Pediatric Intensive Care Units, 41
wards, and 40 Neonatal Intensive Care Unit
beds) and Emergency and outpatient services.
There are more than 20 Pediatricians, 74 pedi-
atric residents, and more than 160 nurses

working in the department.
Study design and period

Institution based descriptive cross-sectional
study was conducted from February 1, 2021, to
June 30, 2021.

Sample size and sampling

No sample size was calculated as all nurses
and physicians were included due to limited
number of providers in the department.
Eligibility criteria

Inclusion criteria

All nurses, medical interns, residents, and pe-

diatricians working in the department of Pedi-

atric during the study period were included.
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Exclusion criteria

Participants who were unable to participate in
both the knowledge & skill assessment and
those with incomplete data were excluded
from the study.

Data collection and measurement

Data was collected by trained general practi-
tioners using a structured and pretested ques-
tionnaire adapted from similar previous stud-
ies and AHA guidelines (5-7, 23-26). Partici-
pants were provided with 17 multiple-choice
questions, and the score was converted to
100%. The AHA BLS skill assessment check-
list (29) was documented by direct observa-
tion of CPR demonstration on infant manikin.
The AHA infant BLS checklist has 11 check-
boxes for one or more correctly performed
skills. The score out of 11 was converted to

percentages out of 100.

Both the skill assessment and the question-
naire were coded for each participant. The
questionnaire has two parts, the first part in-
quiries about relevant demographic data, CPR
-related experience, and CPR training; and
the second part having 17 multiple-choice
questions extracted from content of the recent
AHA CPR and ECC guidelines (5-7).

Skill assessment was done through observa-
tion of participants’ demonstration of high-
fidelity infant manikin, and the activity was
assessed based on the information displayed
by the manikin. The skill assessment check-

list (29) has 4 check boxes for assessment and
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activation, 3 for compressions, and 3 for venti-
lation based on the AHA standard of high-
quality CPR. For the assessment of compres-
sion, participants performed two cycles of
compression as a single rescuer and one cycle
of 2 rescuers CPR. Ventilation was assessed
with three cycles, the first two performed by a
single rescuer and the last with two rescuers

technique.
Study variables

The dependent variable was knowledge and
skill of pediatric CPR while the independent
variables were age, educational background,
workplace, work experience, duration of ser-
vice in the pediatric department, BLS/ALS
training, length of time after training, and re-

cent performance of CPR.
Operational definition

Adequate Knowledge of CPR — Score of 84%
or more on the test prepared according to the
AHA BLS course content.

Data processing & analysis

Data was checked for completeness and accu-
racy entered the EpiData version 3.1, and ex-
ported to SPSS version 26 for analysis. De-
scriptive statistics was used to describe the in-
dependent variables. Multivariable logistic re-
gression was used to assess the association be-
tween dependent and independent variables.
Pearson’s correlation was done to assess the
correlation between the two outcome varia-

bles.A confidence limit of 95% and a p-value
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less than 0.05 was considered statistically sig-

nificant.
Result

Among 232 nurses and physicians working in
the department of pediatrics, 202 consented to
participate (87 % response rate). Excluding
incomplete data, 190 were included for the

final analysis.
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Participants age ranged from 22-40 vyears,
with a median of 27 (IQR 25-28). There were
91 (47.9%) nurses and 65(34.3 %) physicians
(Table 1 and Figure 1). The majority (81.1%)
have clinical experience of < 5 years. Further-
more, 178 (93.7%) worked in the department
for less than 5 years (Table 1). A quarter of
the participants (26.3%) were working at the

pediatric emergency.
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I b -

[ H .°
R2 R3

Pediatricians

B Trained ™ Not trained

RI- First-year pediatric residents, R2- second-year pediatric residents, R3- third-year pediatric residents.

Figure 1: CPR Training Status with professional rank among health professionals in SPHMMC

Pediatrics Department, 2021

Among the respondents, 140 (73.3%) had
training on BLS / ALS before or after gradua-
tion, while 26.3% never had any training.
More than a third (36.8%) did not receive any
training on BLS during undergraduate educa-
tion, and 54.7% didn’t have any education on
ALS during their undergraduate education.
Excluding the interns, only 35.9% and 21.8 %
of participants had BLS and ALS training af-
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ter graduation respectively (Figure 1). 57.8%
of providers got their CPR knowledge from
formal education, 44.9% from reading, 38.4%
from training, 10.3% from the internet or
YouTube, and 1.1% from other sources like

colleagues and clinical experience of CPR .

172(90.5%) had performed CPR of whom 82
(43.2%) did 1-5 times in the past year, and 74
(38.9%) more than 10 times (Table 1).

Weldetsadik et al. .
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Table 1: Demographic data, Clinical and CPR-related experience of health professionals at
SPHMMC Pediatrics Department, 2021

Variable Category Frequency Percentage
Age 20-25 63 33.2
26-30 112 59.5
30-35 10 53
>36 5 2.6
Year of Clinical Practice Less than 5 years 154 81.1
5-10 years 32 16.8
More than 10 years 4 2.1
Year of pediatric practice Less than 1 year 56 29.5
1-5 years 122 64.2
5-10 years 12 6.3
Any CPR related education / training Yes 140 73.7
No 50 26.3
BLS education before graduation Yes 120 63.2
No 70 36.8
ALS education before graduation Yes 86 453
No 104 54.7
BLS training after graduation (N=156) Yes 56 359
No 100 64.1
ALS training after graduation (N=156) Yes 34 21.79
No 122 78.21
Performed CPR in a lifetime Yes 172 90.5
No 18 9.5
Number of CPR performed in the past None 20 10.5
I'year 1-5 times 82 432
6-10 times 14 7.4
More than 10 times 74 38.9

CPR Knowledge assessment

The mean score of knowledge was 38.51%
(SD=14.68) with a median of 35.29% (IQR =

participants) while the highest was 82.35% (2

29.41-47.06). The lowest score was 5.88% (2
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participants). Overall, 80% of the participants
scored less than 50% (Table 2 and Table 3).
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Table 2. Performance of participants on CPR-related knowledge assessment questions at

SPHMMC Pediatrics Department, 2021

Questions Correct Incorrect
response (%) response (%)

1. The current order of updated CPR intervention for all age 39 (20.5) 151 (79.5)
groups after neonatal age is

2. How long should a pulse check last? 53(27.9) 137 (72.1)

3. You are alone and find a patient who is possibly in cardi- 33(17.4) 157 (82.6)
ac arrest. What is your first step?

4. You are certain of the above answer. What is your next 33(17.4) 157 (82.6)
step?

5. When do you start Chest compression? 157(82.6) 33(17.4)

6. The recommended rate of chest compression during CPR 83 (43.7) 107 (56.3)

7. If you believe there is risk of a C-spine injury, the best 125 (65.8) 65 (34.2)
way to open the airway is using

8. The correct hand placement/position in CPR is: 114 (60) 76 (40)

9. The recommended depth of chest compressions in child 18 (9.5) 172 (90.5)
aged 1 year to puberty

10. For the best ventilation of infants, the head position 78 (41.1) 112 (58.9)
should be:

11. Incorrect chest compression to ventilation ratio 70 (36.8) 120 (63.2)

12. Suppose you are doing CPR on 3 years old child with an 66 (34.7) 124 (65.3)
advanced airway; what is the appropriate rate of breath
per minute to be provided?

13. Which way of chest compression is preferable in neonatal 102(53.7) 88 (46.3)
resuscitation?

14. Which is not characteristic of high-quality CPR? 92 (48.4) 98 (51.6)

15. The initial intervention in a newborn with HR of <100/ 84 (44.2) 106 (55.8)
minute?

16. Which is not true regarding Epinephrine administration? 42 (22.1) 148 (77.9)

17. What do you do immediately after delivering a shock to a 52 (27.4) 138 (72.6)
person with an AED?
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Nurses had significantly lower mean scores
(M=31.35%, SD=11.80) on CPR knowledge
than physicians (M 42.04% - 58.82%) (p
<0.01). However, no significant differences
exist between the physicians, including in-
terns (Table 3). Participants from NICU
scored lower (M=34.06%, SD=16.11) than
those working at “Other units” (M=48.10%,
SD=15.17) (Table 1). However, this differ-
ence likely results because the ‘other units’
are all senior (R2/R3) residents with the pro-
fessional difference shown above. The two
variables also have multicollinearity support-
ing this explanation.

Additionally, Participants with their last train-

ing 1-5 years before the study scored lower
(M=33.38%, SD=14.28) than those trained
after graduation (M=38.74, SD=14.28) (p
<0.05) but there were no statistically signifi-
cant differences between other groups.

Subsequently, the independent variables with
significant mean differences were dummy
coded, and stepwise multiple regression anal-
ysis was done to analyze explanatory varia-
bles for knowledge score. Being a nurse was a
significant independent predictor of the score
on the multiple-choice questions (B = -13.75,
SE=1.89, p<0.001). Otherwise, workplace and
length of time after training were not inde-

pendent predictors of knowledge.

Table 3: Factors associated with CPR related knowledge of health professionals at SPHMMC Pe-

diatrics Department, 2021

Variables Number of par- Test score Difference be-
ticipants mean % (SD) tween groups

Professional rank N=190 p<0.01

Nurse 91 31.35 (11.80)*

Intern 34 42.04 (14.78)

Residents R1 26 43.21 (13.09)

Residents R2 17 48.44 (10.71)

Residents R3 20 48.53 (15.25)

Pediatrician 2 58.82 (16.64)

Current work placement N=190 p<0.05

PICU 22 36.90(14.66)

PEU 50 39.41(13.87)

NICU 43 34.06(16.11)**

Ward 43 39.95(13.67)

POPD 13 36.65(11.05)

Hematology-Oncology 2 29.41(8.32)

Other units*** 17 48.10(15.17)**
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Time in Clinical Practice N=190 p=0.704
Less than 5 years 154 38.35(14.29)

5-10 years 32 39.89(17.08)

More than 10 years 4 33.82(10.05)

Time in pediatric practice N=190 p=0.113
Less than 1 year 56 40.86(14.30)

1-5 years 122 38.14(14.25)

5-10 years 12 31.37(18.99)

Had any training N=190 p=0.495
Yes 140 38.95(15.09)

No 50 37.29(13.53)

BLS education before graduation N=190 p=0.424
Yes 120 39.17(15.03)

No 70 37.40(14.09)

ALS education before graduation N=190 p=0.080
Yes 86 40.56(13.98)

No 104 36.82(15.09)

BLS training after graduation N=156 p=0.172
Yes 56 35.61(14.90)

No 100 38.94(14.35)

ALS training after graduation N=156 p=0.135
Yes 34 34.43(14.78)

No 122 38.67(14.47)

Last training after graduation N=156 p<0.05
Less than 1 year back 11 42.78(14.19)

1-5 years back 43 33.38(14.28)*

More than 5 years back 3 49.02(20.66)

Not trained 99 38.74(14.28)*

Performance of CPR N=190 p=0.703
Performed CPR in lifetime 172 38.65(14.92)

Never performed CPR 18 37.25(12.44)

Number of CPR performed in N=190 p=0.885
the past 1 year

None 20 37.06(11.78)

1-5 times 82 39.45(14.89)

6-10 times 14 37.82(7.90)

More than 10 times 74 38.00(16.21)

* Groups with a statistically significant difference, ** this variable shows multicollinearity with profession type. *** Other
units - those temporarily rotating at follow-up clinics, subspecialty attachments, and detachments at other departments
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CPR SKkill Assessment

The mean CPR skill score of participants was
22.01% (SD=14.25) with a minimum score of
0% (5 participants) and a maximum of 100%
(one participant). Furthermore, 94.7% of the
participants scored <50% (Table 5).

Pediatricians  scored
(M=90.91%, SD=12.86) than residents, interns,

and nurses, p value<0.01 (Table 5). However,

significantly  higher

there was no statistically significant difference

between the other groups.

Participants from the PICU performed signifi-
cantly higher (M=30.17%, SD=14.41) than
those at NICU (M=16.91%, SD=14.92) with a
p <0.01, but no statistically significant differ-

ence with the other groups.

The performance of participants with experi-
ence of more than 10 years (M=43.18%,
SD=35.11) is significantly higher than those
with experience of less than 10 years with p <
0.05. However, there is a very low positive cor-
relation between length of clinical experience

and skill assessment score (r=0.194, p<0.01).

The analysis of variance shows that significant-
ly higher score was achieved by participants
who had their last BLS or ALS training 5-10
years back (M=66.67%, SD=42.96) than those
who had their last training 1-5 years back
(M=22.83%, SD=15.16), those who had no
training (M=21.12%,
SD=12.10) and those who had training less
than a year before the study (M=17.36%,
SD=8.58) (p <0.01).

after  graduation

362

When the independent variables with signifi-
cant mean difference were dummy coded and
multiple regression analysis done for explana-
tory variables for skill score, the significant
predictors of CPR skill from the model were
being pediatrician (B=74.34, SE=14.77,
p<0.001), PICU (B=8.28,
SE=2.73, p<0.01) and NICU (B= -6.55,
SE=2.08, p<0.01). The other variables were

not significant predictors.

working  at

Skill assessment: Initial approach

The initial approach of assessment and activa-
tion overall mean score (out of 4) was 1.22
(SD=0.87) with a minimum score of 0 scored
by 39 (20.5%) participants and a maximum of
4 by 3 participants (Table 5).

Pediatricians performed significantly better
(M=4.00, SD=0) than residents, interns, and
nurses (p <0.01) (Table 4). Participants with
more than 10 year experience scored better
than those with less than 10 years’ experience
with p <0.05. Additionally, participants who
had their last training more than 5 years back
scored significantly higher than those who
had their last training 1-5 years back, those
who had training less than a year before the
study and those that had no training after

graduation) (p <0.01) (Table 4 ).
Skill assessment: Chest Compressions

The majority 173 (91.1%)) of participants did
none of the compressions correctly, with only
10 (5.3%) participants doing one correct com-

pression. Pediatricians scored better than all
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other staff (p <0.01). PICU staff also scored
significantly higher than those working at pe-
diatric OPD (POPD), ward, Neonatal ICU
(NICU), and pediatric Emergency Unit (PEU),
and “Other units” (p <0.05). Participants with
more than 10 years’ experience scored better
than those with 5-10 years’ experience and
less than 5 years (p <0.01). Additionally, there
is a significant difference between the scores
of participants who have worked in the pediat-

ric department for 5-10 years versus those who

have worked for less than a year, p-value
<0.05 (Table 4).

Participants who had their last BLS / ALS
training 5-10 years back scored higher, than
those who had their training 1-5 years back,
those who had no training, and who had train-
ing less than a year with a p-value <0.01. A
greater number of participants performed
compressions of adequate depth and with
complete recoil on the two-rescuer CPR than

on single-rescuer CPR (Table 4).

Table 4: Factors associated with CPR skill performance of participants at SPHMMC Pediatrics

Department, 2021

Variables Number Total Skill Initial ap- Compres- Ventilation
of partic- Score Mean proach sion skill skill mean
ipants % (SD) mean (SD) mean (SD) (SD)

Professional rank N=190 p<0.01 p<0.01 p<0.01 p<0.01

Nurse 91 19.98(13.29) 1.08(0.87)  0.18(0.59)  0.23(0.73)

Intern 34 21.12(10.43) 1.29(0.80)  0.03(0.17)  0.18(0.58)

R1 26 25.17(13.19) 1.27(0.78)  0.15(0.46)  0.54(1.10)

R2 17 18.72(7.52) 1.18(0.64) 0.12(0.33)  0.12(0.33)

R3 20 24.55(12.55) 1.40(0.82)  0(0) 0.6(1.05)

Pediatrician 2 90.91(12.86)*  4.00(0)* 2(1.41)* 3(0)*

Work place N=190 p<0.01 p<0.01

PICU 22 30.17(14.41)*  1.45(0.86)  0.5(0.96)*  0.55(1.10)

PEU 50 22.72(13.65) 1.30(0.89)  0.08(0.34)  0.34(0.85)

NICU 43 16.91(14.92)*  1.12(0.82) 0.09(0.48)  0.12(0.50)

Ward 43 21.14(14.81) 1.09(0.97)  0.14(0.41) 0.28(0.80)

POPD 13 21.68(6.98) 1.08(0.64) 0.15(0.56)  0.23(0.83)

HOW 2 27.27(12.86) 1.50(0.71)  0(0) 0.5(0.71)

Other units 17 24.06(13.23) 1.29(0.85)  0(0) 0.65(1.12)

Time in Clinical N=190 p<0.05 p<0.05 p<0.05

Practice

Less than 5 years 154 20.96(12.05) 1.18(0.80)  0.10(0.38)  0.27(0.75)

5-10 years 32 24.43(18.25) 1.22(1.04)  0.25(0.76)  0.53(1.08)

More than 10 years 4 43.18(35.11)*  2.5(1.29)*  1.0(1.41)*  0.75(1.5)
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Time in pediatrics N=190 p=0.185 p<0.05

department

Less than 1 year 56 20.45(9.84) 1.23(0.79)  0.04(0.19)  0.16(0.6)
1-5 years 122 22.06(13.63) 1.19(0.85)  0.16(0.55)  0.38(0.88)
5-10 years 12 28.79(29.98) 1.42(1.38)  0.42(0.9)*  0.5(1.17)
Had any training N=190 p=0.171

Yes 140 22.86(14.49) 1.27(0.82  0.16(0.53) 0.35(0.86)
No 50 19.64(13.42) 1.06(0.98)  0.08(0.44) 0.24(0.74)
BLS education be- N=190 p=0.475

fore graduation

Yes 120 22.58(14.39) 1.27(0.83)  0.18(0.56)  0.33(0.83)
No 70 21.04(14.06) 1.13(0.93)  0.09(0.41) 0.31(0.84)
ALS educationbe-  N=190 p=0.364

fore graduation

Yes 86 23.04(15.76) 1.24(0.84)  0.22(0.62)  0.34(0.86)
No 104 21.15(12.88) 1.19(0.89)  0.08(0.39) 0.31(0.81)
BLS training after N=156 p=0.276

graduation

Yes 56 24.18(19.09) 1.3(0.97) 0.2(0.64) 0.46(1.04)
No 100 21.09(12.04) 1.14(0.83)  0.15(0.5) 0.29(0.77)
ALS training after N=156 p=0.074

graduation

Yes 34 27.81(21.81) 1.38(1.05)  0.29(0.80)  0.59(1.18)
No 122 20.64(12.09) 1.15(0.83)  0.13(0.51)  0.29(0.77)
Last training after N=156 p<0.01 p<0.01 p<0.01 p<0.01
graduation

<l year back 11 17.36(8.58) 1.18(0.75)  0.09(0.30)  0.09(0.30)
1-5 years back 43 22.83(15.16) 1.21(0.86)  0.14(0.56)  0.44(1.03)
> 5 years back 3 66.67(42.96)*  3(1.73)* 1.33(1.53)* 2(1.73)*
Not trained 99 21.12(12.10) 1.14(0.83)  0.14(0.51)  0.29(0.77)
Performance of CPR N=190 p=0.685 p<0.01
Performed CPR in 172 22.15(14.65) 1.21(0.86)  0.15(0.52)  0.35(0.87)*
lifetime

Never performed 18 20.71(9.76) 1.28(0.96) 0.11(0.47)  0(0)
Number of CPRin ~ N=190 p=0.956

the past 1 year

None 20 20.91(9.37) 1.3(0.92) 0.1(0.45) 0(0)

1-5 times 82 21.73(21.73) 1.13(0.95) 0.11(0.45) 0.38(0.95)
6-10 times 14 23.38(11.67) 1(0.88) 0.36(0.63)  0.36(0.84)
More than 10 times 74 22.36(12.70) 1.32(0.74)  0.15(0.57) 0.34(0.80)

* Groups with a statistically significant difference, ** other units - those temporarily rotating at
follow-up clinics, subspecialty attachments, and detachments at other departments
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Table 5: Performance of Participants on CPR skill assessment at SPHMMC Pediatrics Depart-
ment, 2021

Steps Category Correct Incorrect
number (%) number (%)
Assessment and  Checking for responsiveness 19(10) 171(90)
activation Checking for breathing 122(642)  68(35.8)
Shouting for help 68(35.8) 122(64.2)
Checking for pulse 22(11.6) 168(88.4)
Cycle 1 of CPR  Performing high quality compressions 5(2.6) 185(97.4)
(Single rescuer) Plaqqment of 2 fingers or 2 thumbs in correct 79(41.6) 111(58.4)
position
30 compressions in 15-18 seconds 11(5.8) 179(94.2)
Compression of adequate depth 142(74.7) 48(25.3)
Complete recoil after compression 143(75.3) 47(24.7)
Gives 2 breaths properly 17(8.9) 173(91.1)
Each breath given over 1 second 165(86.8) 25(13.2)
Visible chest rise with each breath 20(10.5) 170(89.5)
Resumes chest compression within 10 sec- 144(75.8) 46(24.2)
Cycle 2 of CPR %I;%ie 2 compressions 8(4.2) 182(95.8)
(Single rescuer) 10 5 ventilation 16(8.4) 174(91.6)
Resumes compression within 10 seconds 144(75.8) 46(24.2)
Cycle 3 of CPR  Performs high quality compressions 14(7.4) 176(92.6)
(Tworescuers) 5 mpressions with 2 thumbs 51(26.8) 139(73.2)
15 compressions in 7-9 seconds 24(12.6) 166(87.4)
Compression of adequate depth 164(86.3) 26(13.7)
Complete recoil after chest compression 167(87.9) 23(12.1)
Cycle 4 of CPR  Gives 2 breaths properly 26(13.7) 164(86.3)
(Two rescuers) Each breath given over 1 second 177(93.2) 13(6.8)
Visible chest rise with each breath 29(15.3) 161(84.7)
Resumes compression within 10 seconds 178(93.7) 12(6.3)
Skill assessment: Ventilation the nurses and junior physicians (p < 0.01).

Participants who had their last BLS / ALS
training 5-10 years back scored higher than

The majority of participants (160(84.2%)) did
not perform any of the ventilation cycles

properly. Pediatricians performed higher than those who had their last training 1-5 years
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back, those who had no training after gradua-
tion, and those who had training less than a
year before the study with a p-value <0.01.
There is also significant difference in the venti-
lation scores of participants who had an experi-
ence of performing CPR and those who had
never performed CPR, p-value <0.01 (Table 4).

Correlation between knowledge and skill of
CPR

There is a very low positive correlation be-
tween the participant’s knowledge and skill,
but (r=0.134,
p=0.065).

not statistically significant

Discussion

For the first time in Ethiopia, this study evalu-
ated the knowledge and skills of pediatric CPR
practice among pediatric professionals working
in a tertiary hospital using standardized AHA
tools using a high-fidelity manikin. Our results
show that the participants’ mean knowledge
score (38.5 %) is far below the 84% standard
set by AHA for passing BLS certification.
Moreover, none of the participants scored
above this passing mark and 80% of the partici-
pants actually scored below 50%. This shows
that the CPR knowledge of the health profes-
sionals working in the department is poor. This
also goes with other studies in Ethiopia and
other countries (20, 23, 25, 26). In our case,
this can be due to the fact that CPR training is
not universally being given in medical schools
(37% don’t have BLS education in their under-

graduate program) and the fact that there is low
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coverage of BLS/ALS training after gradua-
tion with more than a quarter of participants
(26%) not having any form of CPR training
at all. Similarly, a previous study conducted
at 2 teaching hospitals in Ethiopia found that
two-thirds of the nurses had no CPR training
(26).

On further assessment of factors associated
with knowledge of pediatric CPR, nurses
have significantly lower scores compared to
physicians. This result is similar to studies
from other countries (22, 25). The lower
knowledge scores among nurses may be due
to the difference in curricula between nursing
education and medical training in settings
like ours. However, this result is more con-
cerning given that nurses are at the frontlines

of the clinical practice.

Unexpectedly, participants who had last
training 1-5 years before the study scored
lower than those who never had any training
on CPR. This result is likely confounded by
other factors since multiple regression analy-
sis didn’t show association with the length of
time after training. However, the result may
due to the effect of time on retention of
knowledge (24, 28, 30) and may also be re-
lated to the fact that the resuscitation guide-
lines have been updated since these trainings
took place. This finding contrast with a simi-
lar study in Nepal which demonstrated that
participants with CPR training within 5 years

have better knowledge than those trained

Weldetsadik et al. .
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more than 5 years ago or not trained at all (20).
Studies have also documented that repetition
may be more important than the number of
days since the last training for skill and

knowledge retention (31).

In our study, the length of clinical experience
and time in the pediatrics department did not
result in statistically significant difference in
the knowledge scores, similar to other previous
studies (25). Similarly, there was no significant
difference in scores between participants who
had performed CPR and those who hadn’t.

Contrary to previous studies (21, 22, 25, 26),
there was no statistically significant difference
between participants who had CPR training and
those who hadn’t although it is expected that
training would improve the knowledge of CPR.
This may be related to the quality of training
and mentorship, which is a likely problem in

low-resource settings including ours (32).

We also documented very low mean skill score
of participants (22%) with 95% of the partici-
pants scoring <50%. Health professionals’ skill
on CPR is known to have an impact on survival
of patients with cardiac arrest (5, 6), making
the quality of CPR provided to the patients
suboptimal. This result shows significantly
poor skill performance of the health among
health professionals, and the finding is similar
to other studies in Africa (24-27).

Participants working at PICU scored signifi-

cantly better on skills than those working at
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NICU. This may be because participants at
NICU have less experience with infant resus-
citation since they are involved in the care of
neonates, while staffs at PICU and PEU have
more encounters with critically ill children in
need of CPR than participants at other places,
but there was no significant difference in
scores (21, 25, 26).

Our study also showed that the participants
have poor skill on assessment and activation
part of the skill assessment. This result raises
a question about the competence to promptly
detect the need for CPR intervention in pa-
tients. Our finding of significantly low skill
scores in the initial approach is in line with a

similar study from Tanzania (25).

The majority (91 %) did not perform even a
single correct chest compression out of three
attempts indicating a poor chest compression
performance. Furthermore, most participants
performed compressions with improper hand
placement and at incorrect rate. The findings
were better for the depth of compressions and
chest recoil, with more than three-quarters of
the participants compressing to adequate
depth and achieving complete chest recoil.
However, the overall the quality of compres-
sion is worrisome, as studies show that CPR
quality affects the rate of ROSC and that low-
er compression depth and slower rate are asso-
ciated with poor patient outcomes (6, 16).
This finding is also consistent with a similar

study from Tanzania (25).
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Our study didn’t show significant correlation
between participants’ knowledge and skill of

CPR similar to a recent study from Iran (33).

In summary, our study revealed critically low
levels of pediatric CPR knowledge and skills
among health professionals, with mean scores
of 38.5% and 22%, respectively. The urgent
need for effective training interventions in our

context cannot be overstated.

Limitations

Our study has several limitations. First, 90 %
pediatricians did not participate in the study
which will affect the generalizability of the re-
sult to pediatricians. Additionally, the study
was done at a single tertiary center and may not
reflect the knowledge and skills of health pro-
fessionals in other centers in the country. Final-
ly, we also acknowledge that although a relia-
ble skill evaluator, the skill assessment with a
manikin might not reflect what happens in a

real patient scenario.

Conclusion

There is poor knowledge and skill of CPR in
pediatric health providers at our tertiary center.
Since the quality of CPR provided affects the
likelihood of survival, training measures that
improve the CPR knowledge and skill should
be undertaken promptly. We also suggest fur-
ther studies to assess the quality of CPR train-
ings provided nationwide.

Acronyms

AHA — American Heart Association
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ALS — Advanced Life Support

BLS — Basic Life Support

CPR —Cardiopulmonary Resuscitation
ECC — Emergency Cardiovascular Care
ERC — European Resuscitation Council
HCP — Health Care Professional

HOW — Hematology Oncology Ward
IHCA — In Hospital Cardiac Arrest
NICU — Neonatal Intensive Care Unit
OHCA — Out of Hospital Cardiac Arrest
PEU — Pediatric Emergency Unit

PICU — Pediatric Intensive Care Unit
POPD - Pediatric Outpatient Department
ROSC — Return of Spontaneous Circulation

SPHMMC - St. Paul’s Hospital Millennium
Medical College

Declarations
Ethical Consideration

Ethical clearance
SPHMMC Institutional Review Board. Writ-

ten consent was obtained from participants

was obtained from

and data was used solely for this study. Confi-
dentiality was maintained by de-identifying
data, and securing it with access limited to the
researchers only.

Conflict of interest

None

Author’s contribution

Both authors contributed to study conception,
design, data acquisition, data analysis and
write up. Both authors approved submission

for publication.



Ethiopian Journal of Pediatrics and Child Health, 2026, 21(3)

ISSN 2413-2640

elSSN 2519-0334 Weldetsadik et al. .

Funding
The study was funded by SPHMMC

Acknowledgement

We thank the participating professional for
their participation and SPHMMC for funding
the study.

References

1.

What is CPR American Heart Association.
What is CPR? https://cpr.heart.org/en/
resources/what-is-cpr (accessed 2020 Nov
20).

History of CPR American Heart Associa-
tion. History of CPR. https://cpr.heart.org/
en/resources’/history-of-cpr (accessed 2020
Nov 20).

Taw RL. Dr. Friedrich Maass: 100th Anni-
versary of "New" CPR. Clin Cardiol. 1991,
14(12):1000-1002.

International Liaison Committee on Resus-
citation (ILCOR) American Heart Associa-
tion. International Liaison Committee on
Resuscitation (ILCOR). https://
cpr.heart.org/en/resuscitation-science/ilcor
(accessed 2020 Nov 20).

Topjian AA, Raymond TT, Atkins D, et al.;
on behalf of the Pediatric Basic and Ad-
vanced Life Support Collaborators. Part 4:
pediatric basic and advanced life support:
2020 American Heart Association Guide-
lines for Cardiopulmonary Resuscitation
and Emergency Cardiovascular Care. Cir-
culation. 2020; 142(suppl 2):S469-S523.
doi: 10.1161/CIR.0000000000000901

369

6.

Maconochie IK, Aickin R, Hazinski MF,
et al. Pediatric Life Support: 2020 Inter-
national Consensus on Cardiopulmonary
Resuscitation and Emergency Cardiovas-
cular Care Science with Treatment Rec-
ommendations. Resuscitation. 2020;
156:A120-A155. doi:10.1016/
j.resuscitation.2020.09.013

Cheng A, Nadkarni VM, Mancini MB, et
al. Resuscitation Education Science: Edu-
cational Strategies to Improve Outcomes
From Cardiac Arrest: A Scientific State-
ment From the American Heart Associa-
tion. Circulation. 2018; 138(6):e82-e122.
doi:10.1161/CIR.0000000000000583

Sandroni C, Nolan J, Cavallaro F, An-
tonelli M. In-hospital cardiac arrest: inci-
dence, prognosis and possible measures to
improve survival. Intensive Care Med.
2007; 33(2):237-245. doi:10.1007/s00134
-006-0326-z

Suominen P, Olkkola KT, Voipio V, et al.
Utstein style reporting of in-hospital pae-
diatric cardiopulmonary resuscitation. Re-
suscitation. 2000; 45(1):17-25.
doi:10.1016/s0300-9572(00)00167-2

. Reis AG, Nadkarni V, Perondi MB, et al.

A prospective investigation into the epi-
demiology of in-hospital pediatric cardio-
pulmonary resuscitation using the interna-
tional Utstein reporting style. Pediatrics.
2002; 109(2):200-209. doi:10.1542/
peds.109.2.200



Ethiopian Journal of Pediatrics and Child Health, 2026, 21(3)

ISSN 2413-2640

elSSN 2519-0334 Weldetsadik et al. .

1.

Jayaram N, Spertus JA, Nadkarni V, et al.
Hospital variation in survival after pediatric
in-hospital CircCardio-
vascQual Outcomes. 2014; 7(4):517-523.
doi:10.1161/
CIRCOUTCOMES.113.000691

cardiac arrest.

12. Nadkarni VM, Larkin GL, Peberdy MA, et

13.

14.

15.

16.

17.

al. First documented rhythm and clinical
outcome from in-hospital cardiac arrest
among children and adults. JAMA. 2006;
295(1):50-57. doi:10.1001/jama.295.1.50

Meaney PA, Nadkarni VM, Cook EF, et al.
Higher survival rates among younger pa-
tients after pediatric intensive care unit car-
diac arrests. Pediatrics. 2006; 118(6):2424-
2433. doi:10.1542/peds.2006-1724

Peberdy MA, Ornato JP, Larkin GL, et al.
Survival from in-hospital cardiac arrest dur-
ing nights and weekends. JAMA. 2008; 299
(7):785-792. d0i:10.1001/jama.299.7.785

Manfredini R, Salmi R, Manfredini F. Sur-
vival Patterns With In-Hospital Cardiac Ar-
JAMA. 2008; 299(22):2625-2627.
doi:10.1001/jama.299.22.2625-a

rest.

Stiell IG, Brown SP, Christenson J, et al.
What is the role of chest compression depth
during out-of-hospital cardiac arrest resus-
citation?.Crit Care Med. 2012; 40(4):1192-
1198. doi:10.1097/
CCM.0b013e31823bc8bb

Abella BS, Sandbo N, Vassilatos P, et al.

370

18.

19.

20.

21.

22.

Chest compression rates during cardiopul-
monary resuscitation are suboptimal: a
prospective study during in-hospital cardi-
ac arrest. Circulation. 2005; 111:428-434

Girotra S, Nallamothu BK, Spertus JA, et
al. Trends in survival after in-hospital car-
diac arrest. N Engl J Med. 2012; 367
(20):1912-1920. doi:10.1056/
NEJMoal109148

Girotra S, Spertus JA, Li Y, et al. Survival
trends in pediatric in-hospital cardiac ar-
rests: an analysis from Get With the
Guidelines-Resuscitation. Circ Cardiovasc
Qual 2013;  6(1):42-49.
doi:10.1161/
CIRCOUTCOMES.112.967968

Outcomes.

Dane FC, Russell-Lindgren KS, Parish
DC, et al. In-hospital resuscitation: associ-
ation between ACLS training and survival

to discharge. Resuscitation. 2000; 47

(1):83-87. doi:10.1016/s0300-9572(00)
00210-0
Roshana S, Kh B, Rm P, Mw S. Basic life

support: knowledge and attitude of medi-
cal/paramedical professionals. World J
Emerg Med. 2012;3(2):141-145.

Passali C, Pantazopoulos I, Dontas I, et al.

Evaluation of nurses' and doctors'
knowledge of basic & advanced life sup-
port resuscitation guidelines. Nurse Educ
Pract. 2011; 11(6):365-369. doi:10.1016/

j.nepr.2011.03.010



Ethiopian Journal of Pediatrics and Child Health, 2026, 21(3)

ISSN 2413-2640

elSSN 2519-0334 Weldetsadik et al. .

23.

24.

25.

26.

27.

Irfan, B., Zahid, 1., Khan, M.S. et al. Cur-
rent state of knowledge of basic life sup-
port in health professionals of the largest
city in Pakistan: a cross-sectional study.
BMC Health Serv Res 19, 865 (2019).
https://doi.org/10.1186/s12913-019-4676-y

Botha L, Geyser M, Engelbrecht A.
Knowledge of cardiopulmonary resuscita-
tion of clinicians at a South African tertiary
hospital. S Afr Fam Pract. 2012;54(5):447-
454.

Kaihula, W.T., H.R., Runyon,

M.S. et al. Assessment of cardiopulmonary

Sawe,

resuscitation knowledge and skills among
healthcare providers at an urban tertiary
referral hospital in Tanzania. BMC Health
Res 18, 935 (2018). https://
doi.org/10.1186/s12913-018-3725-2

Serv

Ehlers, V.J. &Rajeswaran, L. Cardiopul-
monary resuscitation knowledge and skills
of registered nurses in Botswana. Cura-
tionis 2014 37(1), Art. #1259. http://
dx.doi.org/10.4102/curationis.v37i1.1259

Kelkay MM, Kassa H, Birhanu Z, et al. A
cross sectional study on knowledge, prac-
tice and associated factors towards basic
life support among nurses working in Am-
hara region referral hospitals, northwest
Ethiopia, 2016. Hos Pal Med Int Jnl.
2018;2(2):123-130.  DOL: 10.15406/
hpmij.2018.02.00070

371

28.

29.

30.

31.

32.

33.

Saint Paul's Hospital Millennium Medi-

cal College.  https://sphmmc.edu.et/
(accessed 2020 Nov 24).

American Heart Association. Atlas-
AHA. https://

ahainstructornetwork.americanheart.org/
idc/groups/ahaecc-public/@wcm/@ecc/
documents/downloadable/
ucm_506675.pdf (accessed 2020 Nov 24).

West H. Basic infant life support: reten-
tion of knowledge and skill. Paediatr
Nurs. 2000; 12(1):34-37.

Anderson GS, Gaetz M, Statz C. CPR
skill retention of first aid attendants with-

in the workplace. Prehosp Disaster Med.
2012;27(4):1-7.

Friesen J, Patterson D, Munjal K. Cardio-
pulmonary Resuscitation in Resource-
limited Health Systems-Considerations
for Training and Delivery. Prehosp Disas-
ter Med. 2015;30(1):97-101. doi:10.1017/
S1049023X14001265

Papi M; Hakim A; Bahrami H. Relation-
ship between knowledge and skill for
basic life support in personnel of emer-
gency medical services, Islamic Republic
of Iran. East Mediterr Health J. 2020; 26
(10): 1193-1199. https://
doi.org/10.26719/emhj.19.018.



DOI: https://dx.doi.org/10.4314/ejpch.v21i3.8

Ethiopian Journal of Pediatrics and Child Health, 2026, 21(3)
Open access articles distributed in terms of
Creative Commons Attribution Licence [CC by 4.0]

ISSN 2413-2640 elSSN 2519-0334 Rath et al.

OPEN ACCESS
Case Study
A case study of a paediatric scrub typhus patient with optic nerve dysfunction

Debasmita Rath!”, Suman Sudha Maharana', Sagar Parida’, Aparna Aradhana'

"Department of Pediatrics, Institute of Medical Science and SUM Hospital, Siksha O
Anusandhan, India .

*Corresponding author: debasmitarath@soa.ac.in

Abstract

Optic neuropathy can be caused by various infections, with retinitis and vasculitis among the
common ocular manifestations. Here, we report a case of scrub typhus that initially presented as
meningoencephalitis and subsequently developed optic nerve dysfunction during the course of
hospitalization. Significant visual improvement was noted after treatment with systemic steroids.
In conclusion, it is crucial to maintain a high index of suspicion for rickettsial diseases when
evaluating individuals presenting with visual abnormalities and systemic illness in endemic re-

gions. Early detection and timely intervention can help prevent irreversible vision loss.

Keywords: Pediatric, Scrub Typhus; Optic Nerve Dysfunction

Introduction

Optic neuropathy results from damage to the
optic nerve. It can be due to acute or sporadic
assaults on the optic nerve axons, ultimately
leading to the loss of retinal ganglion cells.1
Various infectious agents can trigger optic neu-
ropathy. The most frequent ocular manifestation
associated with these infections is retinitis, often
accompanied by vasculitis. 2,3 This case report
emphasises the importance of recognising visual
disturbances as potential complications associat-
ed with rickettsial infections, which are rarely

documented in the literature.

Case report

An 11-year-old girl was admitted to the PICU
with fever, vomiting, and altered sensorium
for 2 days. On examination, she had a GCS of
9/15 (M4V3E2), with equal and reactive pu-
pils. Bilateral plantar reflexes were extensor,
with meningeal signs. Power, tone and other
reflexes were normal with no focal neurologi-
cal deficits. Systemic examination was nor-
mal. Considering the provisional diagnosis of
meningoencephalitis, she was started on ceftri-
axone, acyclovir, and doxycycline empirically,

along with fosphenytoin and dexamethasone.
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Lab investigations showed neutrophilic leuko-
cytosis, a normal platelet count, and a periph-
eral blood smear with normocytic normo-
chromic red blood cells without any atypical
cells. Elevated ESR and CRP levels were not-
ed, along with a mildly abnormal coagulation
profile. A thoracic ultrasound showed mini-
mal pleural effusion on the right side, accom-
panied by collapse and consolidation of the
basal lung parenchyma. Abdominal ultrasound
was within normal limits. Fundoscopy was
normal. CSF analysis performed on day 3 of
hospitalisation revealed an increased cell
count (68 cells; 85% polymorphonuclear cells,
15% lymphomononuclear cells), with occa-
sional pus cells. Sugar and protein levels were
normal. Vancomycin was added for high
WBC count on CSF analysis. Biofire Menin-
gitis panel was negative. Tropical infection
workup was positive for scrub typhus. Blood,
Urine, and CSF cultures were sterile. MRI
brain showed a focal infarct in the posterior
parahippocampal gyrus with subtle post-

contrast enhancement. Aspirin was started af-
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ter a neurology consultation. Her sensorium
improved after 72 hours of PICU stay (GCS
15/15) with no focal neurological deficits. She
completed a 10-day course of doxycycline and

14 days of ceftriaxone and vancomycin.

During her hospital stay (6th day), she com-
plained of sudden onset of left eye vision loss.
Ophthalmologic evaluation revealed decreased
light perception in the left eye. Contrast-
enhanced MRI Brain with Orbit was normal.
Perimetry revealed left-sided temporal hemian-
opia with right-sided superior quadrantonopia.
Visual Evoked potential showed prolonged
P100 latency on both sides (left > right). With
the above findings, a provisional diagnosis of
rickettsial infection-induced optic nerve dys-
function was considered. She was started on
IV methylprednisolone pulse dose regimen (10
mg/kg/day) for 5 days, followed by oral pred-
nisolone with a plan for gradual taper. Repeat
perimetry after 4 days showed left-sided tem-
poral hemianopia with considerable improve-
ment (Figure 1). The pattern suggests left optic
pathway dysfunction (Figure 2).



Ethiopian Journal of Pediatrics and Child Health, 2026, 21(3) ISSN 2413-2640 eISSN 2519-0334 Rath et al
] g OD - 24-2_SITA Standard Central 24-2 Threshold Test
11 12 4|16 % 15
9 12 15 16|17 18 W 12 : Fixation Monitor Bind Spot Stimulus: W, White Date:  Oct 11,2023
POl || P (o Fixation Target Certral Background 315AS8 Time:  9:02AM
hadii ) ’ Foxation Losses: 216 Strategy: SITA Standard Age: 60
9 11 12 13 15/15 13 13 12 " i Faise POS Errors. 2% Pupd Diameter
L1009 11 12 13[13 13 13 1 10 = A False NEG Errors: 13% Visual Acuity
% ; * t - + % = % Test Duration: 05:24 Rx: +3000S
7 9 12 1 12]11 11 12 0 8 Foves: or
0 TR M B R O | ) 7
1 8 1M 2
36 9 9|9 8 7 6 WMozt e 18 5
3 3 6 ¢ | 6 6 5 3 9 12 15 16 17 18 18 W 12
23 3 4|4 42 82w 70 W T i
i 9 1 12 13 15 15 18 13 2 N %
2 1_0 1 20° 0 9% 11 12 1313131311 0 20° 0*
el 7 9 2t 2unzwe P ) T
42 12568731 1 nuoe 7 fi o8
1.9 215910302 NN L
213 048 91MNa® 1 24 S TR Sl B OS]
3 2 T136(63 21 3 366|605 3
- | 0022|2201 2 & 341 @SR
21 d 03 2!32 1 GHT. Outside Normal Limits 2 2.8k 8
1 S AR 220
10 1111911104 VFL 2%
00000 MD24-2.  -10.1908 P<0.5%
PSD24-2 VWPON | nlaliiedne 0 Geaovioldie et
................... GHT: Outside Normal Limits.
............ VFE 2%
.. pae MD24-2 101908 P<05%
Total Deviation Pattern Deviaton PS024-2 62108 P<05%
o i P<s%
@ P<2% an L] an -
¥ Pe1% ** Low test rekabiity; high false negatives **
W F<05% L} il PeS%
n " @ P<2%
¥ P<1%
. P<05%

Figure 1 shows improvement in VFI (visual field index) after steroid therapy.

Visual Evoked Potentials

Trace Label Amplifier SNP/d LFF HFF
1 MO1-2/M1 1 20a 1 100
2 MO1-2/M1B 1
Trace Label Sweeps Averaged  Stimulus Side Time Stimulation Parameters
2 Trace Name 125 Right 15:45:18 1015/2015/Vigpr: 1.95 Hz
Left eye measurements
Lat Lat Lat PP Amp
Test N75 P100 N145 75-100
ms ms ms nv
MO 1-N75 1-P100 1-N145 1-N75-P100
206.1 148.1 193.9 2.460
Right eye measurements
Lat Lat Lat PP Amp
Test N75 P100 N145 75-100
ms ms ms uv
MO 2-N75 2-P100 2-N145 2-N75-2-P100
209.0 152.1 195.9 2.210
Interocular measurements
Latency PP Amp Ratio
Test LT-RT LT-RT
ms %
MO 1-P100-2-P100 1-N75-P100/2-N75-P100
—25.8 2.74

MO: Monocular stimulation
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Figure 2 shows the Visual Evoked Potential
(VEP) report, which measures the brain’s
electrical response to visual stimuli and can
help detect issues along the optic nerve path-
way.

Discussion

Rickettsial diseases are among the hidden,
reemerging pathogens of the present time,
and their symptoms can mimic those of bacte-
rial, viral, or protozoal illnesses, making them
difficult to diagnose.

Scrub typhus, the most common rickettsial
illness in India, is caused by Orientia tsutsu-
gamushi and transmitted through bites from
the larval stages of chigger or trombiculid
mites.It typically begins with fever, headache,
myalgia, purpuric palpable rash, and may or
may not have an eschar. > Low-cost blood
tests, such as the Weil-Felix test and IgM
ELISA, can quickly detect it and be treated
with inexpensive medications like doxycy-
cline. 67% of scrub typhus patients experi-
ence ocular manifestations, especially during
the recovery phase (2-4 weeks).® Severe toxe-
mia and generalized vasculitis contribute to
ocular manifestations.” It can be in the form
of anterior uveitis, conjunctivitis, keratitis,
panuveitis, retinitis, optic nerve involvement,
and retinal vascular changes. Complaints in-
clude diminished vision, scotomas, floaters,
or redness, petechiae, keratitis, subconjuncti-
val haemorrhage, and non-granulomatous an-
terior uveitis. Chori-retinal involvement man-

ifests as retinitis, serous retinal detachment,
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and multiple small white retinal lesions. Cys-
toid macular edema, macular star, and hypo-
fluorescent choroidal lesions may be observa-
ble on angiography. Retinal vascular lesions
may present as focal or diffuse vascular
sheathing, intraretinal haemorrhages with a
white centre, subretinal haemorrhages, and ret-
inal vascular occlusions, including branch and
central artery occlusions, as well as branch ret-
inal vein occlusions. These conditions can lead
to transient or permanent visual loss. Optic
disc involvement can occur with or without
visual loss, highlighting the need for thorough
examination.

Doxycycline is the antibiotic of choice for
scrub typhus. In cases with ocular involve-
ment, treatments may include topical antibiot-
ics for conjunctivitis or keratitis, topical ster-
oids and mydriatic drops for anterior uveitis,
and systemic steroids for severe conditions like
extensive retinitis or retinal vascular occlu-
sions. In the study by Ganekal et al., Pediatric
patients, double antigen-positive, bilateral in-
volvement, and those with CNS involvement
had poor visual outcomes.”

Ophthalmic manifestations associated with
rickettsial infections generally follow a self-
limiting course, with most patients showing
improvement and resolution of symptoms
within a period ranging from the third to the
tenth week after their initial examination. Pos-
terior segment involvement tends to a good
overall visual prognosis. However, potential

complications can lead to persistent vision
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impairment, including retinal changes from
macular oedema, retinal artery/vein occlu-
sion, serous retinal detachment, foveal chori-
oretinal scars, choroidal neovascularisation,
or optic neuropathy.’

Conclusion

A higher level of medical suspicion is neces-
sary to diagnose the rickettsial infections, es-
pecially in endemic regions where patients
present with headache, high fever, skin rash,
and malaise. Although it is frequently asymp-
tomatic and readily missed, ocular involve-
ment is prevalent. Identifying these ocular
symptoms can help with diagnosis while sero-
logic testing is being performed. For patients
from endemic areas with fever and/or skin
rash, a routine fundus examination and a sys-
tematic ocular evaluation should be per-
formed.
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Abstract

Malaria remains a significant public health problem in Ethiopia, caused by Plasmodium species
and presenting with variable clinical features. We report an 8-year-old Ethiopian boy with right
lower abdominal pain, fever, and tenderness suggestive of acute appendicitis. Laboratory tests
were unremarkable, and appendectomy revealed a normal appendix. Persistent postoperative fever
prompted malaria testing, which was positive for Plasmodium falciparum. Antimalarial treatment
led to rapid recovery, and the patient was discharged on the fourth day of admission. This case
highlights that malaria can mimic appendicitis in endemic regions. Preoperative malaria evalua-

tion may prevent unnecessary surgery and ensure timely treatment.

Keywords: Appendicitis, Case report, Ethiopia, Malaria, Tigray

Background

Malaria remains a major public health problem
in Ethiopia, where approximately 75% of the
land area is considered malarious and about
52% of the population is at risk of infection(1).
A systematic review and meta-analysis pub-
lished in 2021 reported a pooled malaria prev-
alence of 15.39% among Ethiopian children

(2). Human malaria is caused by five Plasmo-
dium species: P. falciparum, P. vivax, P. ovale,
P. malariae, and P. knowlesi (1,3). Although
malaria commonly presents with fever, chills,
and constitutional symptoms, its clinical mani-
festations can be variable and may include

gastrointestinal symptoms and abdominal pain
(4-9).
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Malaria presenting with features suggestive of
acute appendicitis is uncommon and may lead
to unnecessary surgical intervention. Previous
reports have described children who under-
went appendectomy for presumed acute ap-
pendicitis and were subsequently diagnosed
with malaria (5,10,11). We report an 8-year-
old child with P. falciparum malaria who pre-
sented with clinical features suggestive of
acute appendicitis and underwent appendecto-

my before malaria was diagnosed.
Case presentation

History and  physical examination
An 8-year-old Ethiopian boy from a malaria-
endemic area presented to the emergency de-
partment with a two-day history of fever, ab-
dominal pain, vomiting, and loss of appetite.
The abdominal pain initially started in the
periumbilical region and subsequently migrat-
ed to the right lower abdomen. He had three
episodes of non-projectile vomiting and expe-
rienced high-grade fever, chills, and rigors.
There was no abdominal distension, and pas-
sage of stool and flatus was normal. He had
no previous history of malaria, urinary symp-

toms, or chronic illness.
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On examination, the child appeared acutely ill
and febrile, with a temperature of 38.8°C. Ab-
dominal examination revealed right lower-
quadrant direct and rebound tenderness. The
remainder of the physical examination was un-

remarkable.
Diagnostic assessment

Laboratory investigations showed a hemoglo-
bin level of 11.9 g/dL and random blood glu-
cose of 126 mg/dL. Other hematological pa-
rameters, urinalysis, stool examination, renal
and liver function tests, and electrolytes were
unremarkable. C-reactive protein was not per-
formed because it was unavailable. Abdomino-
pelvic ultrasonography showed minimal fluid
collection with probe tenderness, but the ap-

pendix was not visualized.
Treatment and follow-up

Based on the clinical presentation, acute ap-
pendicitis was suspected. After obtaining writ-
ten informed consent from his parents, the
child underwent appendectomy. Intraopera-
tively, the appendix appeared macroscopically

normal (Figure 1).
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Figure 1. Intraoperative photograph showing a macroscopically normal appendix.

Postoperatively, he continued to have high-
grade fever, reaching 39.2°C. Because of his
residence in a malaria-endemic area and per-

sistent fever, a malaria rapid diagnostic test

was performed and was positive for P. falcipa-
rum (Figure 2). The diagnosis was subse-
quently confirmed by peripheral blood film

examination.

Control line

Test lines
PV- plasmodium vivax

Pf-plasmodium falciparum

Pv Pf

;gg "

Buffer zone

Sample zone

Figure 2. Rapid diagnostic test (RDT) demonstrating a positive Plasmodium falciparum

result in the patient's blood sample.

The patient was treated according to Ethiopi-
an national and WHO malaria treatment rec-
ommendations, initially receiving weight-

based intravenous artesunate followed by oral
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artemether—lumefantrine and a single dose of
weight based premaquine. Intravenous therapy
was initially used because persistent vomiting

during the immediate postoperative period
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made oral treatment difficult. He became afe-
brile and showed marked clinical improve-
ment. He was discharged in good condition
on the fourth postoperative day with oral arte-
mether—lumefantrine and paracetamol as
needed. At follow-up, he remained clinically

well.
Discussion

This case illustrates an uncommon presenta-
tion of P. falciparum malaria mimicking acute
appendicitis in a child. The patient's fever,
vomiting, migration of abdominal pain to the
right lower quadrant, and rebound tenderness
were clinically compatible with acute appen-
dicitis. However, the appendix appeared nor-
mal during surgery, while persistent postoper-
ative fever prompted consideration of malaria

and subsequent diagnostic testing.

Malaria with acute abdominal symptoms can
mimic a surgical abdomen and pose a diag-
nostic challenge. Previous reports have de-
scribed children with malaria presenting as
suspected appendicitis, including cases man-
aged medically and others undergoing appen-
dectomy, sometimes with concurrent appen-
dicitis(10,12,13) . More recently, P. falcipa-
rum malaria has been reported with acute ab-
dominal pain as the initial presentation(4) ,
and malaria-associated duodenal perforation
has also been described (9). In our 8-year-old
patient, the appendix appeared macroscopi-
cally normal, and P. falciparum was subse-

quently detected. However, the absence of
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histopathological examination limits definitive
attribution of the abdominal findings to malar-
1a. Therefore, malaria should be considered in
febrile children presenting with features sug-
gestive of acute appendicitis in endemic set-

tings.

In our patient, the appendix appeared macro-
scopically normal, and malaria was confirmed
postoperatively. The rapid clinical response to
antimalarial treatment supported malaria as the
most likely cause of the febrile illness and ab-
dominal presentation. However, a causal rela-
tionship cannot be definitively established be-
cause histopathological examination was una-
vailable, and microscopic appendiceal inflam-

mation or other pathology cannot be excluded.

The mechanism by which malaria may pro-
duce abdominal symptoms remains incom-
pletely understood. Gastrointestinal manifesta-
tions have been described in malaria, particu-
larly in severe disease, and may include ab-
dominal pain, vomiting, intestinal obstruction,
gastrointestinal bleeding, and other abdominal
complications (4,5,8,9,11,14). However, the
present case did not demonstrate evidence of
bowel obstruction, perforation, gastrointestinal
bleeding, or other intra-abdominal complica-
tions. Therefore, it would be inappropriate to
attribute the patient's presentation to a specific

gastrointestinal pathological mechanism.

The clinical implication of this case is particu-
larly relevant in malaria-endemic settings. Fe-

brile children presenting with acute abdominal
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pain may have malaria despite having clinical
findings that strongly suggest appendicitis. In
our patient, malaria was considered only after
surgery because the clinical presentation
closely resembled acute appendicitis. Alt-
hough malaria testing cannot replace appro-
priate assessment for appendicitis, it may be
useful in febrile patients from endemic areas,
particularly when the presentation is atypical
or when fever persists despite surgical man-

agement.

A major limitation was the lack of histopatho-
logical examination of the appendix due to
unavailable services at our hospital, partly
related to health-system and infrastructure
disruptions following the Tigray conflict (15—
17). C-reactive protein was also unavailable,
and the appendix was not visualized by ultra-
sonography, limiting assessment of concomi-
tant appendiceal pathology. Nevertheless,
this case highlights the importance of consid-
ering malaria in febrile children presenting
with acute abdominal symptoms in endemic

areas.
Conclusion
P. Falciparum malaria can present with

clinical features that closely resemble acute
appendicitis in children. In malaria-endemic
settings, malaria should be included in the
differential diagnosis of febrile children pre-
senting with acute abdominal pain. Appropri-

ate consideration and timely testing may fa-
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cilitate early diagnosis and treatment and po-
tentially reduce unnecessary surgical interven-

tion.
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"For infants, the sun is not just light, it is a fundamental nutrient required for building strong

bones and preventing rickets.” ....Alan Greene (Dr)

Abstract

1t is well established that nutritional rickets, though prevalent among infants and young children
in resource-limited settings, is a worldwide public health challenge. In Ethiopia, despite ‘13
months’ of sunshine, the disorder has continued to occur unabated in infants and young children.
However, its epidemiological pattern, clinical spectrum, and management approaches are not
fully understood. In this review, we have examined it based on reports from Ethiopia and other
developing settings, as well as from developed countries. Available evidence shows that nutrition-
al rickets has been with us since antiquity, and that, in Ethiopia, despite ‘13 months’ of sunshine,
it has remained a major public health concern. The disorder is primarily caused by vitamin D
deficiency and, less commonly, a low calcium intake, leading to decreased intestinal calcium ab-
sorption, secondary hyperparathyroidism, hypophosphatemia, and defective mineralization of
growth plate cartilage and osteoid (bone matrix). Prevalence varies across regions and countries
based on the risk factors. It carries grave consequences when combined with protein-energy mal-
nutrition and infectious diseases. Lack of exposure to sunlight and other risk factors contribute to
its occurrence. Diagnosis is based on clinical features, biochemical testing, radiography, along
with low levels of 25-hydroxycolecalciferol. Age at onset, disease duration, underlying patho-
physiology, and comorbidities define its skeletal and extraskeletal manifestations. Management of
the disorder needs to balance the provision of vitamin D to correct the deficiency and guard
against administering ‘too much’ of the vitamin. Prevention and eradication require

adequate sunlight exposure for infants, effective implementation of vitamin D and/or calcium
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supplementation, and food fortification programs. Well-designed epidemiological studies are
needed to fill existing gaps in our knowledge about the true prevalence, sociocultural, and psy-
chological determinants of risk behaviors, screening biochemical markers, and effective commu-
nity-based interventions .

Keywords: Nutritional rickets, Osteomalacia, Vitamin D deficiency, Rickets treatment and pre-

vention

Introduction

Rickets is a disease of the growing bone; thus,
it is unique to children and adolescents. It is a
preventable skeletal disorder caused by defi-
ciency of vitamin D and/or calcium, leading to
softening and weakening of bones (1). Among
older children, dietary calcium deficiency
plays a pivotal role, exacerbating the develop-
ment of nutritional rickets in combination with
vitamin D deficiency (2). Vitamin D deficien-
cy is a common worldwide problem with a
rising incidence in recent decades due to
changing population demographics, failing
prevention policies, and missing implementa-
tion strategies (1,3). It is prevalent among in-
fants and young children in low-income set-
tings (4), with rates ranging from 10% to
>50% in high-risk pediatric populations, par-
ticularly in developing regions or areas with
low sun exposure (1,3-5). While it was nearly
eliminated in high-income countries, the dis-
ease has resurged in recent decades (6). Never-
theless, the true burden of rickets, nutritional

rickets in particular, has remained undefined.

Various reports have emphasized that lack or
low exposure to sunlight, inadequate exclusive
breastfeeding, and low vitamin D intake are

the major factors contributing to the occur-
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rence of nutritional rickets (3,7). In develop-
ing countries with abundant sunlight, the rea-
sons mothers withhold infant sun exposure, as
well as the impact of other risk factors, have
not been adequately established. In Ethiopia,
various risk factors influencing the occurrence
of nutritional rickets have been documented.
As suggested by previous reports (4.6,8,9),
the risks and associated severe complications
are related to socioeconomic status, cultural
practices, malnutrition, maternal awareness,

and/or inadequate healthcare.

Vitamin D (calciferol) concentration or status
is maintained by either endogenous produc-
tion following ultraviolet B (UVB) irradiation
of the skin or from dietary intake. Its deficien-
cy stems from inadequate vitamin D, leading
to impaired intestinal calcium and phosphorus
absorption, resulting in hypocalcemia and hy-
pophosphatemia. This mineral shortage caus-
es secondary hyperparathyroidism, which ac-
celerates bone demineralization and disrupts
cartilage maturation, resulting in defective
bone mineralization, growth plate widening,
and weak, deformed bones (1,10,11).

Nutritional rickets has both skeletal and

extraskeletal manifestations. It impairs

osteoid mineralization at growth plates and
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accumulates unmineralized matrix during rap-
id growth  (12,13). At the subclinical stage,
the disorder is characterized by biochemical
abnormalities without overt symptoms (12,14).
Early cranial signs in infants include craniota-
bes, delayed anterior fontanelle closure, and
frontal bossing (15,16). Costochondral and
metaphyseal cartilage enlargement causes hall-
mark deformities, including the "rachitic ro-
sary" and widened wrists and ankles (16).
Weight-bearing forces deform soft long bones
in the lower limbs —such as bow-legs (genu
varum), knock-knees (genu valgum), spinal
curvature, and pelvic distortion (16). Radio-
graphically, this manifests as pathognomonic
metaphyseal fraying, splaying, and cupping,
paired with generalized osteopenia, cortical
thinning, short stature, and pathological frac-
ture risk (13,16).

Beyond skeletal deformities, nutritional rickets
causes critical extra-skeletal manifestations
driven by hypocalcemia, hypophosphatemia,
and impaired cellular metabolism (5,16). Hy-
pocalcemia-induced neuromuscular hyperex-
citability can trigger irritability, hypotonia,
tetany, motor delays, and life-threatening sei-
zures—especially during rapid infant growth
(15,16). Cardiovascular risks include dilated
cardiomyopathy, fatal heart failure, and con-
duction defects from electrolyte imbalances
(15). Dental issues include delayed eruption,
enamel hypoplasia, and severe caries suscepti-

bility (5,16). Additionally, children often suf-
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fer failure to thrive, chronic anemia, hepato-
splenomegaly, and frequent infections due to

impaired immunity (16).

In infants and young children, radiography is
the mainstay of diagnosis, while in older
children, motor delay, proximal myopathy,
and dental complications are the diagnostic
features (17). Treatment of the disease focus-
es on replenishing vitamin D and calcium
through high-dose supplements, dietary
changes, and sunlight exposure. Preventing
vitamin D  deficiency  rickets in-
volves exposure to sunlight and ensuring ad-
equate vitamin D intake through supplemen-

tation and fortified foods (13,18).

This article examined the status of nutritional
rickets in Ethiopia by reviewing the research
articles published over the last five decades.
The review has been made in the backdrop of
established evidence on various aspects of
nutritional rickets globally, with due consid-
eration to observations reported from devel-
oping countries. We intend to highlight what
is known, define the existing gaps, identify
the challenges encountered, and summarize
why nutritional rickets remains a significant
public health problem in Ethiopia. Based on
the evidence collated through the review, we
propose recommendations, including those
for clinical care, policy directions, and fur-
ther epidemiological research that require

attention.
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History, definitions, and magnitude
Historical perspectives:

Even though it remains unclear, it seems that
the term ‘rickets’ might have originated from
the German word “wricken,” which translates
to “twisted” (19). The condition was historical-
ly described as early as the 2nd century AD
by Soranus of Ephesus, a Greek physician, and
later formal medical descriptions were provid-
ed in English in the 17th century, notably by
Daniel Whistler in 1645 and Francis Glisson in
1650 (20). It was a common disease in 17th-
century England, while a high prevalence of
the disease was recorded during the Industrial
Revolution (1760-1840), owing to urbanization
and pollution. However, presumed rickets was
described in early Roman and Greek medical
writings of the first and second centuries AD
(21).

Vitamin D deficiency was identified as the
cause of nutritional rickets early in the 20th
century (15,19). With the discovery of vitamin
D and the identification of the anti-rachitic
properties of cod-liver oil by the 1930s, it be-
came possible to not only treat but also eradi-
cate nutritional rickets in the global north (21).
However, it has resurged in these settings as a
significant public health problem, particularly
among dark-skinned infants, those exclusively
breastfed and not receiving vitamin D supple-
mentation, and children with limited sun expo-
sure. It has remained a significant, often under-
reported, public health concern in developing

countries across Africa, Asia, and the Middle
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East, driven by vitamin D deficiency (infants)
and calcium deficiency (2,4-6). In Ethiopia,
nutritional rickets was first reported in the mid
-1960s, with a key study report published in
1965 in the Ethiopian Medical Journal (EMJ)
documenting its occurrence and clinical fea-
tures at the pediatric care center in Addis Aba-
ba (15).

Definitions:

Vitamin D deficiency is a biochemical state
where circulating serum 25-hydroxyvitamin D
(25-OHD) drops below 30 nmol/L (12 ng/
mL), indicating insufficient body stores of the
nutrient regardless of physical symptoms (13).
On the other hand, nutritional rickets is de-
fined as a disorder caused by deficiency of vit-
amin D, calcium, or phosphorus, leading to
reduced mineralization (osteoid) of primary
spongiosa in the metaphysis (growth plates),
softened, weakened bones, and skeletal de-
formities in children (13,16). In contrast, nutri-
tional osteomalacia constitutes defective min-
eralization of existing (old) bones at the sites
of active bone remodeling (the bone matrix/
osteoid), occurring usually after epiphyseal
closure. (1,3,16). Nutritional osteomalacia of-
ten goes along with rickets in growing chil-
dren and occurs ubiquitously in the bones of
adolescents with growth spurts and adults. In-
deed, the recent understanding is that nutri-
tional osteomalacia is not just a disease of
adults, but that of children/adolescents as well,
reducing long bone stiffness, bowing deform-

ities, and fractures in children/adolescents
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with rickets (1). Low calcium intake and/or
low vitamin D (from lack of sunshine expo-
sure) are the leading causes of body calcium
deprivation (hypocalcemia) worldwide, and
their combined deficiency accelerates bone
demineralization (1,13,22,23).

Prevalence:

Nutritional rickets remains a significant global
health concern, particularly in Africa, Asia,
and the Middle East, with a resurgence in
some developed nations (4,6,24). The reported
prevalence in children ranges from 2.7 to 45%
globally. While it was nearly eliminated from
high-income countries, it has resurged in the
past decades, reflecting the ongoing challenges
of malnutrition, inadequate healthcare, and
socioeconomic factors. (18-20) The evidence
in reports from Ethiopia shows a similar dis-
parity in prevalence. About 30% of infants and
children between birth and 3 years of age, at-
tending the Ethio-Swedish Paediatric Clinic in
Addis Ababa in 1965, were found to be suffer-
ing from nutritional rickets (25), and a preva-
lence of 10.7% has been reported among in-
patient infants in a Jimma hospital in 2024 (8),
A pooled prevalence of inadequate exposure to
sunlight of 14 studies conducted across the
country of 46.5% (7) indicates that this is a
major contributor to the nutritional rickets.

The magnitude of nutritional rickets has re-
mained largely undefined, though there are
sporadic reports made by isolated institution-
based and a few community-based surveys.

Reported prevalence estimates range from 3-
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44%, and low pooled prevalences of good sun-
light exposure practice among infants, ranging
from 45.4-58.1%, have also been reported
(7,26-28). Consequently, as emphasized previ-
ously (8,25), despite ‘13 months of sunshine’,
exposure practice has remained low, and the
disorder has remained a major public health
challenge, primarily among infants and young
children in Ethiopia. Moreover, in about 41%
of under-five children, the disorder occurs
combined with protein-energy malnutrition
(8), which starkly increases the burden and
mortality associated with the disease (8,29). It
is also commonly associated with infectious
diseases, including respiratory tract infections
and gastrointestinal tract risk (recurrent diar-
rhea and malabsorption), and can be compli-
cated with non-skeletal impacts, including
muscle weakness, delayed motor skills, and
potential developmental delay and life-
threatening complications such as hypocalce-
mic seizures and dilated cardiomyopathy in
infants (1,20,30).

At-risk population groups

UVB rays trigger epidermal synthesis of pre-
vitamin D3 (cholecalciferol), and restricted
exposure to sunlight increases the risk of nutri-
tional rickets (31-33). UVB availability and
subsequent circulating 25-hydroxyvitamin D
(250HD) levels are primarily determined by
an interplay of environmental and personal
factors (32,33). It has globally been document-
ed that various factors, including environmen-

tal conditions, such as latitude, season, time
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of day, cloud cover, and pollution, affect the
availability of UVB, whereas personal factors,
such as time spent outdoors, skin pigmenta-
tion, skin coverage, child age, body composi-
tion, and genetics, affect the dose-response of
UVB circulating 250HD
(4,6,24,33).

In Ethiopia, 2-50% of the mothers had inade-

quate knowledge, attitude, and/or practice re-

exposure and

garding sunlight exposure (34-39). Various
study reports from different regions of the
country show that multiple factors are associ-
ated with maternal practice of exposing babies
to sunlight. Perceived consequences, maternal
non-married marital status, and grandmothers'
negative roles constitute factors independently
and strongly associated with maternal inten-
tion to expose their infants to sunshine (39).
Inadequate exposure, exposure with clothing,
baby oil application, darker skin color, work-
ing maternal status, younger maternal age, ur-
ban residence, government employment status,
fear of evil eye, being a male infant, lack of
information about rickets, oil massage during
sun exposure, and being sick one month before
the study were variably and significantly asso-
ciated with an increased occurrence of nutri-
tional rickets (22,26,40-43). In contrast, being
a term delivery, advanced neonatal age, being
urban residency, mother being employed, larg-
er family, living in compound/villa houses,
complete antenatal (ANC) visits, being a
housewife, maternal and husband formal edu-

cation, good sunlight-related knowledge, and
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not fearing sunlight exposure were identified
as factors that were associated with good sun-
light exposure practice (7,27,36,37).

There is a report showing that Ethiopian chil-
dren with rickets have a low calcium intake as
compared to the recommended daily allow-
ance (44). In this report, no difference is rec-
orded in the dietary calcium intake between
cases and controls, and a significant difference
was observed between cases and controls in
terms of frequency of exposure to sunlight per
week, reflecting that vitamin D deficiency
arising from poor exposure to radiant energy is
the main cause of rickets in Ethiopian chil-
dren. Rural children are at a higher risk of de-
veloping rickets as compared to their urban
counterparts, which could be mainly due to the
traditional beliefs and practices that are more

prevalent in rural settings (7).
Pathophysiology and clinical spectrum
Pathophysiology:

It is well established that the metabolism of
vitamin D2 (ergocalciferol) obtained from
plant-based sources and Vitamin D3
(cholecalciferol) obtained from animal sources
and through sunlight exposure is a two-step
activation process that involves the liver, kid-
ney, and, in certain conditions, other tissues.
Vitamin D2 and D3 are first transported to the
liver, where they are hydroxylated by the en-
zyme 25-hydroxylase to form 25-
hydroxyvitamin D [25(OH)D], also known
as calcidiol. This is the major circulating and

storage form of vitamin D. Calcidiol is then
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transported to the kidneys, where it is convert-
ed by the enzyme la-hydroxylase into 1,25-
dihydroxyvitamin D [1,25(OH)2D], known

as calcitriol (1,3).

An adequate serum concentration of the active
hormone (calcitriol) is required for optimal
absorption of calcium from the gastrointestinal
tract (10). Vitamin D (calcitriol) is a potent
hormone; its main function is to increase intes-
tinal absorption of calcium and phosphate.
While the kidney is the main source of circu-
lating calcitriol, lo-hydroxylase is also ex-
pressed in other tissues, including the intes-
tines (gut), macrophages, bone, and immune
cells. These extra-renal sites can convert 25
(OH)D to active 1,25(OH)2D to meet local
needs, particularly in conditions of inflamma-
tion or granulomatous diseases (45). The ac-
tive hormone calcitriol regulates calcium and
phosphorus metabolism by acting on the small

intestine, bones, and kidneys (46).

In a sufficient vitamin D state or when the se-
rum 25(OH)D level is above 20 ng/mL (50
nmol/L), intestinal calcium absorption can be
as high as 80% of the intake, especially during
periods of active growth. When Vitamin D de-
ficiency occurs, calcium absorption is reduced,
which may be accompanied by low dietary
calcium intake and leads to total body calcium
deficiency and compensatory hyperparathy-
roidism, causing hypophosphatemia (11). The
correct replacement for vitamin D deficiency
is vitamin D (calciferol). However, what is
measured in the bloodstream as the best meas-

393

urable marker of vitamin D status is 25(OH)D
(calcidiol) (1).

In a vitamin D-deficient state, intestinal calci-
um absorption can decrease to as low as
10—15%, and there is also a decrease in total
maximal reabsorption of phosphate. In this
state, the low serum ionized calcium level
stimulates parathyroid hormone (PTH) secre-
tion, which leads to the release of calcium and
phosphorus from bone in an attempt to main-
tain normal calcium levels. Increased PTH
levels also lead to increased urinary phospho-
rus excretion. The decreased levels of serum
phosphorus and calcium result in decreased
bone mineralization, cellular “ballooning®, and

disorganization of the growth plate (47).
Clinical Spectrum:

Nutritional rickets presents a clinical spec-
trum, which ranges from one characterized by
asymptomatic biochemical changes to ad-
vanced disease with severe skeletal deformi-
ties, life-threatening clinical conditions, and
death (48). The disorder has both skeletal and
extraskeletal manifestations, and the clinical
presentation is influenced by age at onset, du-
ration of disease, and the underlying patho-
physiology. Nutritional/medical history, bio-
chemical testing, and radiographs are used to
diagnose the disease. Along with a low level
of 25 (OH) vitamin D, laboratory findings are
also helpful in its diagnosis as well as in dif-
ferentiating it from non-nutritional causes of
rickets (16,49).
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Clinical manifestations include long bone de-
formities, enlargement of the wrists and costo-
chondral junctions, radiological changes of
rickets—cupping, splaying, and fraying of the
metaphyses, widened growth plates, low bone
mass, typical biochemical abnormalities, and
elevated levels of serum alkaline phosphatase
(ALP) and PTH (1,49). Because the disease
weakens the immune system and the associated
skeletal deformities compromise respiratory
mechanics, it leads to a higher susceptibility to
infections. Indeed, studies in developing coun-
tries, including Ethiopia, have shown that se-
vere nutritional rickets is strongly associated
with an increased risk of severe, often fatal,
infectious diseases in children, particular-
ly pneumonia and lower respiratory tract infec-
tions (9,29,50-52). Advanced nutritional rickets
may also present with severe health complica-
tions, including hypocalcemic seizures, life-
threatening cardiomyopathy, muscle weakness,
bone pain, and severe limb/pelvic deformity,
often leading to failure to thrive and develop-
mental delays. (1,16).

In nutritional osteomalacia occurring in older
children, specifically among adolescents with
less rapid growth, the radiological changes of
the growth plate typical for rickets may not be
visible, making it difficult to diagnose the dis-
order on X-rays (53). Older children present
with motor delay, proximal myopathy (54), and
dental complications (55). In girls, nutritional

osteomalacia can cause pelvic deformities,
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which may lead to obstructed labor later in
life and can cause maternal and/or fetal death
(56).

Management

Treatment:

Evidence suggests a significant lack of infor-
mation on nutritional rickets hinders effective
management programs, primarily due to data
gaps in its true burden, prevalence, and caus-
es (30,57). In 10% of infants, serum ALP is
within normal limits, and these infants have
significantly lower weight-for-age than those
with abnormally high serum ALP (58). As
‘too0 much’ vitamin D leads to toxicity
(hypercalcemia and serum 250HD > 250
nmol/L with hypercalciuria and suppressed
PTH), which can cause kidney disease, calci-
um deposits in soft tissue, heart disease, and
even death, maintaining due caution is essen-
tial. The 2016 Global Consensus Recommen-
dations on Nutritional Rickets provide a
standard care for the treatment of vitamin D
deficiency (16).

Treatment of nutritional rickets in sun-
abundant settings is essential, as the condition
often persists due to cultural practices, re-
duced outdoor activity, and poor intake of
dietary vitamin D and calcium. The core ap-
proach involves high-dose vitamin D supple-
mentation, calcium supplementation,
and dietary education to ensure rapid healing.
(1,32). Key protocols include Vitamin D3

doses ranging from 50,000 to 300,000 IU
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based on age, given over 3 months, alongside
500 mg/day of oral calcium. The oral route is
preferred to parenteral (Stoss therapy) due to
more rapid restoration of 25(OH)D levels. Both
vitamin D2 and D3 are equally effective for
daily treatment, whilst D3, with a longer half-
life, is preferred for single-dose treatment. All
children with nutritional rickets should be treat-
ed with vitamin D3 for a minimum of 3 months
with a daily dose of at least 2000 IU (50 pg) if
aged <12 months, 3000-6000 IU (50-150 pg) if
aged 12 months—12 years, and 6000 IU (150
pg) if aged >12 years (16).

Single high dose (Stoss therapy) can be used in
infants aged >3 months: 50,000 U (1250 pg)
for 3 months—12 months of age, 150,000 U
(3750 pg) for children aged 12 months-12
years, and 300,000 IU (7500 pg) if aged >12
years (16). All individuals should also receive
concomitant calcium (minimum 500 mg/day),
as supplements or through diet. All treatment
should be followed by lifelong vitamin D sup-
plementation, since the underlying risk (such as
ethnicity, culture, and sunlight exposure) is un-
likely to change (1,16).

Prevention:

Prevention of nutritional rickets depends on
medical professionals’ and the general public's
awareness about the need to ensure adequate
vitamin D intake in at-risk populations. Vita-
min D and/or calcium supplementation and
food fortification are recommended for the

eradication of nutritional rickets (59). Despite
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its abundance, a lack of exposure to sunshine
is by far the commonest cause of nutritional
rickets in Ethiopia. Ethiopia’s national guide-
line for the prevention of micronutrient defi-
ciency recommends food-based public health
approaches and exposure of infants to morn-
ing or evening direct sunlight (without cloth-
ing and ointment application) for 15-30

minutes starting at two weeks after birth (60).

The importance of increasing dietary intakes
of calcium using locally available and inex-
pensive foods in communities in which die-
tary calcium deficiency rickets is prevalent
(58). Factors such as male sex, lack of infor-
mation about rickets, inadequate sun exposure
due to full clothing, mother’s employment
status, low parental educational status, low-
calcium diets, fear of evil eye, and lack of
postnatal care follow-up were identified as
significant risk factors in Ethiopia (9,22,24-
26,30-41), calling for targeted interventions

considering these factors.

Educated mothers are more likely to adopt
improved childcare practices, which can re-
duce the incidence of nutritional rickets. Rais-
ing awareness among mothers and caregivers
through well-planned education is essential.
Prevention of nutritional rickets in tropical
countries requires coordinated action by all
relevant stakeholders and a multifaceted ap-
proach, as the disorder often stems from a
combination of vitamin D deficiency and die-
tary calcium deficiency. The risk factors

associated with this include limited outdoor
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activity, younger age, and urban residence
(7,24,26,37,41), which should be considered

when targeting interventions.
Areas warranting further research

Key gaps in Ethiopia include limited longitudi-
nal studies, weak surveillance systems, and a
lack of standardized diagnostic criteria for pub-
lic health monitoring. As in many other devel-
oping settings, the true prevalence of nutrition-
al rickets and osteomalacia is not defined. So-
cial, cultural, and psychological determinants
of the practice of exposing or not exposing in-
fants to sunlight need to be explored further
through well-designed epidemiological studies.
Further studies are warranted to identify the
most appropriate biochemical marker for the
screening of nutritional rickets. Much more
work needs to be done to demonstrate the safe-
ty and efficacy of community-based, targeted
supplementation programs, including adher-
ence and health economics. Similarly, food for-
tification programs, ideally incorporating mul-

tiple nutrients, require large-scale trials.
Summary

Nutritional rickets has been with us since Ro-
man and Greek times. It still is a public health
problem among high-risk groups worldwide,
though it is most prevalent in Africa, Asia, and
the Middle East. In Ethiopia, it was first report-
ed in the mid-1960s, and despite ‘13 months’
of sunshine, it has remained a major public
health challenge. Overall, there is much varia-

tion in its prevalence by risk groups, geograph-
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ic  settings, climatic conditions, and
healthcare and policy environments. It is well
established that the disorder is caused by de-
ficiency of vitamin D, calcium, or phospho-
rus, leading to reduced mineralization of the
metaphysis, in contrast to nutritional osteo-
malacia, which constitutes defective mineral-
ization of existing (old) bones, occurring
usually after epiphyseal closure in adoles-

cents and adults.

The burden of the disease is compounded
when it occurs combined with protein-energy
malnutrition and infectious diseases. Conse-
quences of the disease go well into adult-
hood. Various risk factors, primarily lack of
exposure to sunshine, contribute to the occur-
rence of nutritional rickets in Ethiopia. Inad-
equate knowledge, attitude, and practice
about sunlight exposure, and perceived con-
sequences of exposing infants to sunlight
have been identified as the underlying fac-
tors. Personal, socioeconomic, and environ-
mental risk situations also variably influence

the occurrence of the disease.

Clinical features range from asymptomatic
biochemical changes to severe skeletal de-
formities and non-skeletal life-threatening
clinical complications, and death. Diagnosis
hinges on clinical features, biochemical test-
ing, and radiographs, along with a low level
of 25 (OH) vitamin D. The skeletal and ex-
traskeletal manifestations depend on age

at onset, disease duration, and underlying

Lulseged et al.
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solve a particular health problem, or preliminary evaluation of a novel system or methodology.

Word count; up to 2000 words.

Abstract up to 200 words; excluding: Abstract, Title, Tables/Figures and References
Tables and Figures up to five.

References (Vide supra- Original Article)

3. Case Series
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Up to 1000 words; excluding: Abstract, Title, Tables/Figures and References
Abstracts of up to 200 words; unstructured; (vide supra)

Statistical statements here are expressed as 5/8 (62.5%)

Tables and Figures: no more than three

References: maximum of 20
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Report on a rare case or uncommon manifestation of a disease of academic or practical sig-

nificance.
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Tables and Figures: no more than three

References: maximum of 10
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e References up to 15.
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On a single separate sheet, there must be the title of the paper, with key words for indexing
if required, and each author’s full name and professional degrees, department where work
was done, present address of any author if different from that where work was done, the
name and full postal address of the corresponding author, and word count of the manuscript
(excluding title page, abstract, references, figures and tables). Each table/figures/Boxes or
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The Metric system of weights and measures must be used; temperature is indicated in de-
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Generic names should be used for drugs, followed by propriety brand name; the manufac-
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lined-underlining in typescript becomes italics in print (e.g. Haemophilus influenzae), and
later reference may show capitalized initial for the genus (e.g. H. influenzae).

In the text of an article, the first reference to any medical phrase must be given in full, with
the initials following in parentheses, e.g. blood urea nitrogen (BUN); in later references, the
initials may be used.

Manuscript for submission should be prepared in Microsoft Word document file format.
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Submission of manuscript

As part of the submission process, authors are required to check off their submission’s com-
pliance with journals requirement.
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and is not submitted elsewhere while offered to the Ethiopian Journal of Pediatrics and
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Manuscript review procedures

The procedures for manuscripts review include:

Within one week of receipt of a manuscript, the Editorial Board will review it in reference
to (i) conformity with the journal’s “guidelines to authors (revised version available in all
issues starting July 2020)” (ii) relevance of the article to the objectives of the EJPCH, (iii)
clarity of presentation, and (iv) plagiarism by using appropriate software.
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author for revision, or reject it. A manuscript not accepted by a board member is blindly re-
viewed by another board member. If not accepted by both, the manuscript is rejected by Ed-
itorial Board. Decision will be made by the suggestion of a third Editorial Board member if
the decisions of the first two do not concur.
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comments online within two weeks of their receipt. Reviewers have four options; accept,
accept with major revision, accept with minor revision or reject.

A manuscript accepted subject to revision as suggested by reviewers will be returned to the
corresponding author. Author(s) will be given four weeks to respond to reviewers’ com-
ments, make necessary changes, and return the manuscript to the Editorial Board. A manu-
script not returned in time will be considered withdrawn by the author(s).

Manuscripts with minor revisions will be cleared by the Editorial and accepted for publica-
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o The Editorial Board reserves the right of the final acceptance, rejection or editorial correc-
tion of papers submitted.

e Accepted papers are subject to Editorial revisions as required and become the copy- right of
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