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ABSTRACT

Rheumatic heart disease (RHD) is a complication of acute rheumatic fever that can cause progressive damage to the
heart valves. Secondary prophylaxis is given to prevent recurrence of rheumatic fever and slow the progression of
valve damage. However, the relationship between adherence to secondary prophylaxis and heart valve disease in
children with RHD remains unclear. To determine the relationship between adherence to secondary prophylaxis
medication use and the severity of heart valve disease in children with RHD. This study used a retrospective cohort
design conducted at Haji Adam Malik General Hospital, Medan. Subjects were pediatric patients aged <18 years with
a diagnosis of RHD who visited the Pediatric Heart Clinic between June and December 2025, had undergone routine
secondary prophylaxis therapy for at least one year, and had complete echocardiographic data. Patients with
congenital heart defects or other heart diseases were excluded. Data were obtained from patient registries and
medical records, including age, gender, age at diagnosis, initial echocardiography results, adherence to secondary
prophylaxis medication, and the severity of valve abnormalities after one year of follow-up. Data were analyzed
using statistical software using univariate and bivariate analyses with a significance level of p<0.05. The most
common valve lesion was severe mitral regurgitation (57,4%), and the mitral valve was the most frequently involved
valve in children with RHD. Adherence to secondary prophylaxis was quite good, with 61.7% of patients compliant
and 38.3% non-compliant. The analysis showed that adherence to secondary prophylaxis medication was not
significantly associated with changes in heart valve severity during one year of follow-up (p>0.05). Adherence to
secondary prophylaxis did not significantly correlate with changes in heart valve severity in children with RHD,
although most patients maintained stable valve conditions throughout the follow-up period.
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INTRODUCTION

Rheumatic heart disease (RHD) is a long-term complication of acute rheumatic fever following
pharyngeal infection with group A B-hemolytic Streptococcus and remains an important cause of
morbidity and mortality among children (Liang et al., 2023; Ajeng et al.,, 2023). In Asia,
approximately 1% of school-aged children show evidence of RHD, while the global incidence
among children aged 5-14 years is estimated at 300,000-350,000 cases annually (Kazahura et al.,
2021). The World Health Organization (WHO) has reported that approximately 18.1 million people
are living with serious diseases caused by group A streptococcal infection, with approximately
347,000 deaths attributable to RHD each year (Peters et al., 2020; Mutagaywa et al., 2020). In
Indonesia, the prevalence of RHD ranges from 0.3 to 0.8 per 1,000 children aged 5—15 years, while
72 pediatric cases were recorded at H. Adam Malik General Hospital in 2017 (Marpaung et al.,
2021).
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The primary manifestation of RHD is progressive valvular damage caused by recurrent
inflammation. Valvular lesions may progress to severe regurgitation or stenosis, resulting in heart
failure, pulmonary hypertension, arrhythmias, infective endocarditis, stroke, and death. Therefore,
the severity of valvular involvement is an important determinant of prognosis, quality of life, the
need for surgery, and mortality (Okello et al., 2013; Arafuri et al., 2022). Secondary prophylaxis
with intramuscular benzathine penicillin G administered every 3—4 weeks, or an alternative
antibiotic when indicated, is the primary strategy for preventing recurrent rheumatic fever (Liaw et
al., 2022). The WHO and the World Heart Federation recommend long-term secondary prophylaxis
because adequate treatment can reduce recurrent streptococcal infections, rheumatic fever
recurrences, and the progression of valvular damage (Lilyasari et al., 2020).

The effectiveness of secondary prophylaxis largely depends on patient adherence. However,
adherence may be affected by limited access to healthcare services, transportation costs, injection-
related pain, inadequate family knowledge, and socioeconomic conditions. Adherence rates of
approximately 50% in Bangladesh, 80.6% in Ethiopia, and approximately 90% in India and several
other countries have been reported (Ilanchoorian et al., 2023; Alkan et al., 2022). Good adherence
has been associated with reduced recurrence of rheumatic fever, progression of valvular lesions,
heart failure, and the need for surgical intervention (Ilanchoorian et al., 2023; Alkan et al., 2022;
Dass et al., 2024). Nevertheless, pediatric studies in Indonesia remain limited and generally have
not evaluated structural valvular changes using echocardiography (Kumar et al., 2020). Therefore,
this study aimed to analyze the association between adherence to secondary prophylaxis and the
severity of valvular heart disease in children with RHD.

METHOD

Study Design and Setting

This retrospective cohort study used data from medical records and the RHD patient registry at the
Pediatric Cardiology Outpatient Clinic of H. Adam Malik General Hospital, Medan, Indonesia.
Data were obtained from patients who attended the clinic between June and December 2025.

Study Participants

The study population comprised 47 children younger than 18 years who had been diagnosed with
RHD. Participants were selected using purposive sampling. The inclusion criteria were a diagnosis
of RHD, receipt of secondary prophylaxis for at least one year, and complete baseline and one-year
follow-up echocardiographic data. Patients who had recently been diagnosed, had congenital heart
disease, or had another form of heart disease were excluded.

Variables and Operational Definitions

The collected data included sex, age, age at diagnosis, adherence to secondary prophylaxis, and the
severity of mitral regurgitation, mitral stenosis, aortic regurgitation, pulmonary regurgitation, and
tricuspid regurgitation. Adherence was assessed according to the proportion of prescribed doses
received during the previous 12 months. Good adherence was defined as receiving more than 80%
of the prescribed doses, whereas poor adherence was defined as receiving 80% or fewer. Valvular
abnormalities were classified as absent, mild, moderate, or severe according to the
echocardiographic reports. Changes after one year were categorized as improvement, no change, or
worsening.

Statistical Analysis

Data were analyzed using statistical software. Categorical data are presented as frequencies and
percentages, whereas numerical data are presented as means + standard deviations or medians with
minimum-maximum values, according to data distribution. Differences in the distribution of
valvular severity between the baseline and follow-up examinations were analyzed using the
marginal homogeneity test. Associations between patient characteristics, adherence, and changes in
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valvular severity were analyzed using Fisher’s exact test, one-way analysis of variance, or the
Kruskal-Wallis test, as appropriate. A p-value <0.05 was considered statistically significant.

Ethical Approval
This study was approved by the Health Research Ethics Committee of the Faculty of Medicine,
Universitas Sumatera Utara, under approval number: NO: 1422/KEPK/USU/2025

RESULT

A total of 47 children met the study eligibility criteria. Of these, 26 participants (55.3%) were male.
The median age at the time of the study was 13.50 years, ranging from 7.92 to 17.92 years, while
the median age at diagnosis was 13.58 years, ranging from 7.92 to 17.92 years. A total of 29
patients (61.7%) were classified as adherent to secondary prophylaxis (Table 1).

Table 1.
Characteristics of the study participants (n = 47)
Characteristic n =47
Sex, f (%)
Male 26 (55,3)
Female 21 (44,7)
Age, years
Median (Min — Max) 13,5 (7,92-17,92)
Age at diagnosis, years
Median (Min — Max) 13,58 (7,92-17,92)
Adherence to secondary prophylaxis, n (%)
Adherent 29 (61,7)
Nonadherent 18 (38,3)
Table 2.
Distribution of valvular lesion severity at baseline and after one year
Type of valvular lesion Baseline examination Follow-up examination p-value*
Mitral regurgitation, n (%) 0.724
Absent 2 (4.3) 1(2.1)
Mild 3(6.4) 8 (17.0)
Moderate 20 (42.6) 11(23.4)
Severe 22 (46.8) 27 (57.4)
Mitral stenosis, n (%) 0.343
Absent 41 (87.2) 38 (80.9)
Mild 4 (8.5) 6 (12.8)
Moderate 1(2.1) 0 (0.0)
Severe 1(2.1) 3(6.4)
Aortic regurgitation, n (%) 0.866
Absent 23 (48.9) 21 (44.7)
Mild 7 (14.9) 10 (21.3)
Moderate 8(17.0) 7 (14.9)
Severe 9 (19.1) 9 (19.1)
Pulmonary regurgitation, n (%) 0.414
Absent 39 (83.0) 41 (87.2)
Mild 6 (12.8) 5(10.6)
Moderate 1(2.1) 1(2.1)
Severe 1(2.1) 0 (0.0)
Tricuspid regurgitation, n (%) 0.655
Absent 20 (42.6) 23 (48.9)
Mild 16 (34.0) 12 (25.5)
Moderate 6 (12.8) 8 (17.0)
Severe 5(10.6) 4 (8.5)

*Marginal homogeneity test.

At the follow-up examination, mitral regurgitation was the most common valvular abnormality,
with 27 patients (57.4%) having severe mitral regurgitation. The distributions of severity at baseline
and follow-up did not differ significantly for mitral regurgitation (p = 0.724), mitral stenosis (p =
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0.343), aortic regurgitation (p = 0.866), pulmonary regurgitation (p = 0.414), or tricuspid
regurgitation (p = 0.655) (Table 2). Most valvular lesions remained unchanged during follow-up.
The highest proportion of stable lesions was observed in mitral stenosis (83.0%), followed by
pulmonary regurgitation (78.7%). Adherence to secondary prophylaxis was significantly associated
with changes in mitral regurgitation (p = 0.014), but not with changes in mitral stenosis, aortic
regurgitation, pulmonary regurgitation, or tricuspid regurgitation. Among adherent patients, 9 of 29
patients (31.0%) experienced improvement in mitral regurgitation, whereas no improvement was
observed among nonadherent patients (Table 3).

Table 3.
Changes in valvular lesion severity during the one-year follow-up

Change in valvular severity n=47
Mitral regurgitation, f (%)
Improvement 9 (19.1)
No change 30 (63.8)
Worsening 8 (17.0)
Mitral stenosis, f (%)
Improvement 3(6.4)
No change 39 (83.0)
Worsening 5 (10.6)
Aortic regurgitation, f (%)
Improvement 7 (14.9)
No change 32 (68.1)
Worsening 8 (17.0)
Pulmonary regurgitation, f (%)
Improvement 6 (12.8)
No change 37 (78.7)
Worsening 4 (8.5)
Tricuspid regurgitation, f (%)
Improvement 9 (19.1)
No change 30 (63.8)
Worsening 8 (17.0)

Age and age at diagnosis were significantly associated with changes in mitral regurgitation, with p-
values of 0.049 and 0.023, respectively, and with changes in mitral stenosis, with p-values of 0.047
and 0.016, respectively. Patients who experienced worsening mitral regurgitation were younger than
those whose condition remained stable or improved. Sex was not significantly associated with
changes in any of the valvular lesions analyzed (Table 4).
Table 4.
Associations of patient characteristics and adherence to secondary prophylaxis with changes in the
severity of mitral regurgitation

Variable Worsening No change Improvement  p-value
Sex, n (%) 0.4502
Male 3(11.5) 18 (69.2) 5(19.2)

Female 5(23.8) 12 (57.1) 4 (19.0)

Age, years 11.55+1.94 13.53+2.39 13.99+1.37 0.049°
Age at diagnosis, years 9 (8-12) 11.91 + 2.37 12.34 +1.82 0.023¢
Adherence to secondary prophylaxis, n (%) 0.0142
Nonadherent 316.7) 15 (83.3) 0 (0.0

Adherent 5172 15 (51.7) 9 (31.0)

sFisher’s exact test; Pone-way analysis of variance; ‘Kruskal-Wallis test. Data are presented as n
(%), mean =+ standard deviation, or median (range).

Table 5 shows that age and age at diagnosis were significantly associated with changes in the
severity of mitral stenosis, with p-values of 0.047 and 0.016, respectively. Patients who experienced
improvement had a higher mean age of 16.39 £+ 1.38 years and a higher mean age at diagnosis of
15.20 £ 1.63 years than those whose condition worsened or remained unchanged. Sex and
adherence to secondary prophylaxis were not significantly associated with changes in mitral
stenosis, with p-values of 0.062 and 1.000, respectively.
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Table 5.
Associations of patient characteristics and adherence to secondary prophylaxis with changes in the
severity of mitral stenosis

Variable Worsening Fixed Improvement p-value

Sex, (%) 0,0622

Male 5(19,2) 20 (76,9) 1(3,8)

Female 0 (0,0) 19 (90,5) 2 (9,5
Age, years 13,02 +2,90 13,08 £2,11 16,39 £ 1,38 0,047°
Age at diagnosis, years 11,77 £ 2,65 11,34 +£ 2,10 15,20 + 1,63 0,016°
Prophylaxis adherence, n (%) 1,0002

Non-adherent 2 (11,1) 15 (83,3) 1(5,6)

Adherent 3 (10,3) 24 (82,8) 2 (6,9)

aFisher’s exact test; Pone-way analysis of variance. Data are presented as n (%) or mean + standard
deviation.

Table 6 shows that Sex, age, age at diagnosis, and adherence to secondary prophylaxis were not
significantly associated with changes in the severity of aortic regurgitation, with all p-values >0.05.
Nevertheless, the proportion of patients who experienced worsening was numerically lower among
adherent than nonadherent patients, at 10.3% and 27.8%, respectively. The adherent group also had
a higher proportion of improvement than the nonadherent group, at 17.2% and 11.1%, respectively,
although the differences were not statistically significant.
Table 6.
Associations of patient characteristics and adherence to secondary prophylaxis with changes in the
severity of aortic regurgitation

Variable Worsening No change Improvement p-value
Sex, n (%) 0.678
Male 4 (15.4) 17 (65.4) 5(19.2)
Female 4 (19.0) 15 (71.4) 2 (9.5)
Age, years 13.01 +2.80 13.22 +£2.40 13.57 £ 0.80 0.934°
Age at diagnosis, years 11.24 £2.50 11.73 £2.46 11.62 £ 1.24 0.867°
Adherence to secondary prophylaxis, n (%) 0.3212
Nonadherent 5(27.8) 11 (61.1) 2 (11.1)
Adherent 3(10.3) 21 (72.4) 5(17.2)

aFisher’s exact test; Pone-way analysis of variance. Data are presented as n (%) or mean + standard
deviation.

Table 7 shows that no significant associations were found between sex, age, age at diagnosis, or
adherence to secondary prophylaxis and changes in the severity of pulmonary regurgitation, with all
p-values >0.05. Numerically, adherent patients had a lower proportion of worsening than
nonadherent patients, at 3.4% and 16.7%, respectively. The proportion of improvement was also
higher among adherent patients than among nonadherent patients, at 17.2% and 5.6%, respectively,
although the differences were not statistically significant.

Table 7.
Associations of patient characteristics and adherence to secondary prophylaxis with changes in the
severity of pulmonary regurgitation

Variable Worsening No change Improvement p-value
Sex, n (%) 0.877%
Male 2(7.7) 20 (76.9) 4(15.4)
Female 2 (9.5) 17 (81.0) 2 (9.5)
Age, years 14.94 +1.48 13.01 £2.30 13.89 £2.27 0.217°
Age at diagnosis, years 12.56 + 2.34 11.52 +£2.35 11.74 £ 2.11 0.691"
Adherence to secondary prophylaxis, f (%) 0.1692
Nonadherent 3(16.7) 14 (77.8) 1(5.6)
Adherent 1(3.4) 23 (79.3) 5(17.2)

aFisher’s exact test; Pone-way analysis of variance. Data are presented as n (%) or mean + standard
deviation.
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Table 8 shows that sex, age, age at diagnosis, and adherence to secondary prophylaxis were not
significantly associated with changes in the severity of tricuspid regurgitation, with all p-values
>0.05. Numerically, the proportion of worsening was lower among adherent than nonadherent
patients, at 13.8% and 22.2%, respectively. Conversely, improvement was more frequent among
adherent patients than among nonadherent patients, at 24.1% and 11.1%, respectively, although this
difference did not reach statistical significance.
Table 8.
Associations of patient characteristics and adherence to secondary prophylaxis with changes in the
severity of tricuspid regurgitation

Variable Worsening No change Improvement p-value
Sex, (%) 0.8342
Male 4 (15.4) 16 (61.5) 6(23.1)
Female 4 (19.0) 14 (66.7) 3(4.3)
Age, years 12.25+2.76 13.67 +1.92 12.91 +2.81 0.255°%
Age at diagnosis, years 9.46 (8-17) 12.02 £ 1.94 11.53 £2.72 0.103¢
Adherence to secondary prophylaxis, f (%) 0.5172
Nonadherent 4(22.2) 12 (66.7) 2 (1.1
Adherent 4 (13.8) 18 (62.1) 7 (24.1)

sFisher’s exact test; Pone-way analysis of variance; ‘Kruskal-Wallis test. Data are presented as n
(%), mean =+ standard deviation, or median (range).

DISCUSSION

Characteristics of the Study Participants

Most participants were male (55.3%), with a mean age of 13.28 &+ 2.27 years. Most patients were
adherent to secondary prophylaxis (61.7%), and the severity of most valvular lesions remained
unchanged during the one-year follow-up period (Passos et al., 2022). The mean age in this study is
consistent with previous reports indicating that RHD is commonly identified among children aged
10-15 years. Repeated exposure to streptococcal infections in this age group may increase the risk
of permanent valvular damage (Wirth et al., 2022). Adherence to secondary prophylaxis is essential
for preventing reinfection with group A Streptococcus, recurrent rheumatic fever, and the
progression of valvular damage (Karthikeyan et al., 2023; Dass et al., 2026). Nevertheless, 38.3%
of patients in this study were classified as nonadherent. Poor adherence may be influenced by
inadequate patient and family knowledge, pain associated with benzathine penicillin G injections,
limited access to healthcare services, financial constraints, and insufficient social support (Bimerew
et al., 2024; Areri et al., 2024).

Changes in Valvular Lesion Severity

Most valvular lesions remained relatively stable during the one-year follow-up period. No change
was observed in 63.8% of patients with mitral regurgitation and tricuspid regurgitation, 83.0% of
those with mitral stenosis, and 78.7% of those with pulmonary regurgitation. Approximately 19.1%
of patients with mitral regurgitation and tricuspid regurgitation experienced improvement. Such
stability or improvement may be related to reduced inflammatory activity, improved hemodynamic
status, and the prevention of recurrent streptococcal infections through secondary prophylaxis
(Karthikeyan et al., 2023; Bimerew et al., 2024; Ambari et al., 2024). The absence of significant
changes in most valvular lesions may also reflect the chronic nature of RHD. Structural valvular
changes generally progress slowly and are more likely to be detected over follow-up periods of 3—
10 years than during a single year of observation (Watkins et al., 2018).

Mitral Regurgitation

Age, age at diagnosis, and adherence to secondary prophylaxis were significantly associated with
changes in the severity of mitral regurgitation. Patients who experienced worsening tended to be
younger and had been diagnosed at an earlier age. These findings may reflect an earlier disease
onset, more active inflammation, and a longer period of exposure to the disease process. Mitral
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valve lesions are the most common valvular abnormalities in RHD and may progressively worsen
because of recurrent inflammation, fibrosis, chordal deformity, and structural alterations of the
valve leaflets (Zimmerman et al., 2022; Rwebembera et al., 2026; Beaton et al., 2022; Gomes et al.,
2022). Improvement in mitral regurgitation was observed only among patients who were adherent
to secondary prophylaxis. This finding supports the role of secondary prophylaxis in preventing
recurrent theumatic fever and limiting further valvular damage (Beaton et al., 2022; Gomes et al.,
2022).

Mitral Stenosis

Age and age at diagnosis were significantly associated with changes in the severity of mitral
stenosis, whereas sex and adherence to secondary prophylaxis were not. Patients who experienced
improvement had a higher mean age and were older at diagnosis. Mitral stenosis develops through
chronic fibrosis, commissural fusion, and thickening of the subvalvular structures over an extended
period. Therefore, disease onset at a younger age may indicate a more aggressive clinical course
(Alahmadi et al., 2026). The lack of an association between adherence and changes in mitral
stenosis may be attributable to the nature of the lesion, which is more strongly influenced by
permanent structural changes than by acute inflammatory activity. In developing countries,
rheumatic mitral stenosis may progress more rapidly and can occur during the first decade of life
(Bray et al., 2024; Tadele et al., 2013).

Aortic Regurgitation

Sex, age, age at diagnosis, and adherence to secondary prophylaxis were not significantly associated
with changes in the severity of aortic regurgitation. Nevertheless, adherent patients had a
numerically lower proportion of worsening and a higher proportion of improvement than
nonadherent patients. These findings are consistent with the role of secondary prophylaxis in
preventing recurrent rheumatic fever and maintaining stable valvular function (Tadele et al., 2013).

Previous studies have shown that complete or partial regression may occur in both mitral and aortic
valve lesions following secondary prophylaxis, although improvement is more frequently observed
in the mitral valve (Torres et al., 2021). Studies conducted in Pakistan and Brazil have also
demonstrated that adherence to secondary prophylaxis is associated with regression or stabilization
of valvular lesions, whereas nonadherence is associated with disease recurrence, lesion progression,
the development of new valvular lesions, and increased mortality (Haran et al., 2018; Araujo et al.,
2012).

Pulmonary Regurgitation

No significant associations were found between patient characteristics or adherence to secondary
prophylaxis and changes in the severity of pulmonary regurgitation. Pulmonary valve involvement
in RHD is uncommon and generally occurs in conjunction with other valvular lesions. RHD
predominantly affects left-sided heart valves, particularly the mitral and aortic valves. Right-sided
valvular involvement is usually related to the hemodynamic consequences of left-sided valvular
disease (Kumar et al., 2020; Agasthi et al., 2024). Although the differences were not statistically
significant, adherent patients had a lower proportion of worsening and a higher proportion of
improvement. These findings suggest a possible clinical benefit of prophylaxis in maintaining
valvular stability.

Tricuspid Regurgitation

Sex, age, age at diagnosis, and adherence to secondary prophylaxis were not significantly associated
with changes in the severity of tricuspid regurgitation. In patients with RHD, tricuspid regurgitation
is more commonly secondary to the hemodynamic effects of mitral or aortic valve disease than to
primary rheumatic damage of the tricuspid valve. It frequently accompanies chronic rheumatic
mitral valve disease and may require simultaneous correction during valvular surgery (Garcia-
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Villarreal et al., 2017). Tricuspid regurgitation rarely occurs as an isolated lesion and may initially
be asymptomatic. Severe regurgitation may result in right-sided heart failure, characterized by
elevated central venous pressure, jugular venous distension, peripheral edema, ascites, and organ
dysfunction (Saputri et al., 2024). Numerically, adherent patients had a lower proportion of
worsening and a higher proportion of improvement, although the differences were not statistically
significant.

CONCLUSION

Most children with RHD maintained stable valvular lesion severity during the one-year follow-up
period. Adherence to secondary prophylaxis was significantly associated with changes in mitral
regurgitation, with a higher proportion of improvement among adherent patients. However,
adherence was not significantly associated with changes in mitral stenosis, aortic regurgitation,
pulmonary regurgitation, or tricuspid regurgitation. Strengthening adherence programs and ensuring
long-term echocardiographic monitoring remain important, particularly for patients with mitral
valve involvement.
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