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Abstract 
Objectives: This study aimed to develop a questionnaire-based risk scoring tool to identify school-aged children 
at elevated risk for rheumatic heart disease (RHD) in rural India. The predictive model was subsequently 
validated in a demographically similar pediatric population in Nepal. 
Methods: A total of 8,646 students (mean age: 13.0 years; 46% male) from 20 middle and high schools in the 
West Midnapore district of India participated in the study. Participants completed a structured survey assessing 
symptoms and signs commonly associated with RHD. Students reporting both sore throat and joint pain—
indicative of possible RHD—were offered echocardiographic screening. A comparison group of asymptomatic 
students was selected randomly for echocardiography. Data from these screenings were analyzed to construct a 
predictive model for RHD risk. 
Results: Univariate analysis identified seven candidate predictors. The final model incorporated four key 
variables: history of joint pain accompanied by sore throat, female sex, shortness of breath, and palpitations. 
This model yielded strong predictive accuracy with a C-statistic of 0.854. A simplified six-point scoring system 
was derived from the model and validated in a cohort of similarly aged children in Nepal. 
Conclusions: A symptom-based questionnaire can effectively stratify children by risk for rheumatic heart 
disease in resource-constrained settings. Prioritizing high-risk individuals for echocardiographic screening could 
facilitate early diagnosis and timely implementation of secondary prophylaxis, thereby helping to reduce the 
burden of RHD in low-income regions. 
This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under 
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access 
Initiative (http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, 
provided original work is properly credited. 

Introduction 

Rheumatic heart disease (RHD) remains common 
in low-income countries [1,2]. In India, there are 
more than one million estimated cases of RHD in 
children [3]. The estimated prevalence of RHD in 
Nepal is similar to that of children 10–16 years old 
living in India [4]. Children with RHD experience 
suboptimal physical growth and significant 
associated morbidity and mortality, with adverse 
economic consequences [5–7].  

Poor socioeconomic status is one of the major 
determinants of RHD [8,9]. Using echocardiograms 
to screen children for RHD is not feasible for many 
populations with limited resources, which have a 
dearth of trained personnel, echocardiography 
machines, infrastructural support, and funding.  

The natural course of this disease involves sore 
throat due to streptococcal beta hemolyticus 
infection followed by immune-mediated arthritis 
and carditis [10]. Identifying children at elevated 
risk for rheumatic heart disease (RHD) can be 
achieved through responses to a targeted set of 

symptom-based questions. Implementing a 
questionnaire-based screening approach may serve 
as a more cost-effective public health strategy, 
allowing for selective use of echocardiography in 
those flagged as high risk. 

This study aimed to assess the effectiveness of a 
questionnaire-based screening tool for identifying 
rheumatic heart disease (RHD) in children aged 10 
to 16 years in West Midnapore, India. The 
predictive model developed from this population 
was subsequently validated in a comparable cohort 
from the Dhading district of Nepal. 

Methods 

Study Design: This cross-sectional study utilized a 
questionnaire-based survey to assess school-aged 
children in underserved communities with limited 
healthcare resources. 

A cross-sectional study was conducted using a 
structured questionnaire a rural district in West 
Bengal, India. The survey consisted of 20 items 
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covering demographic information as well as 
symptoms and signs indicative of rheumatic heart 
disease (RHD). Based on their responses, students 
were categorized into two groups: symptomatic and 
asymptomatic. Those who reported one or more 
episodes of sore throat and joint pain within the 
previous five years were classified as symptomatic, 
while those without such a history were considered 
asymptomatic. All students in the symptomatic 
group, along with an equal number of randomly 
selected students from the asymptomatic group, 
underwent echocardiographic screening for RHD 
based on the World Heart Federation criteria. 

We conducted school visits across 20 middle and 
high schools in West Midnapore, West Bengal, 
India, and administered a questionnaire to 8,646 
students aged 10–16 years, identified as being at 
potential risk for rheumatic heart disease (RHD) 
based on regional prevalence data [1–3]. The study 
population predominantly represented low- to 
middle-income households, with most parents 
having completed only primary or secondary 
education; approximately 28% had attained 
college-level education or higher. Among the 
participants, 38% of those categorized as 
symptomatic (383 out of 1,015) and 3% of 
randomly selected asymptomatic students (249 out 
of 7,631) underwent echocardiographic screening 
for RHD. For model validation, a comparable study 
was conducted in Nepal, involving 11 schools and 
3,000 students within the same age range. The 
predictive model developed from the Indian cohort 
was applied to this population for external 
validation. Both studies received ethical approval 
from the Institutional Review Board at Tufts 
University, Boston, USA. In addition, approval was 
obtained from the Ethics Committee of Calcutta 
Medical College in India and the Government of 
Nepal's Ethics Committee. Written informed 
consent was secured from parents or legal 
guardians, and assent was obtained from all 
participating students. Participants were assessed 
for demographic characteristics, including age, 
gender, parental education level, and household 
crowding—measured by the number of individuals 
sharing a sleeping space—as a proxy for 
socioeconomic status. Additionally, each reported 
sign and symptom associated with rheumatic heart 
disease (RHD) was documented based on its 
frequency over the preceding five years. 

Data were recorded manually by each student using 
a paper-based response sheet. For continuous 
variables, mean values were calculated, while 
categorical variables were summarized using 
median values. Comparisons of numerical data 
between groups were performed using independent 
t-tests, and differences in categorical variables were 
analyzed using Chi-square tests. These 
comparisons were made between symptomatic and 

asymptomatic groups, as well as between 
participants from the Indian and Nepalese cohorts. 

Statistical Methods 

In the statistical analysis, sociodemographic 
factors, along with reported symptoms and clinical 
signs indicative of rheumatic heart disease (RHD), 
were considered as independent variables, while 
the echocardiographic diagnosis of RHD served as 
the dependent variable. Univariate logistic 
regression was initially employed to assess the 
association between each demographic and clinical 
variable with RHD status. Variables showing 
significant associations in the univariate analyses 
were then entered into a multivariable logistic 
regression model to develop a predictive 
framework. 

A sex-specific subgroup analysis was also 
performed using multivariable logistic regression to 
explore potential differences in RHD risk between 
male and female participants. This analysis was 
adjusted for key clinical symptoms, including joint 
pain with sore throat, shortness of breath, and 
palpitations. Odds ratios were calculated to 
quantify the relative risk of RHD between sexes. 
Interaction terms were incorporated to investigate 
whether the association between RHD symptoms 
and disease status varied by sex. 

Missing data were addressed at the time of 
echocardiographic screening. For students who 
underwent echocardiography, missing information 
was retrieved during the screening process. For 
those who did not, a complete case analysis was 
applied. Baseline characteristics were summarized 
using available data, and no imputation was 
performed, as the large sample size was deemed 
sufficient to minimize the impact of missing values 
on the overall findings. All students classified as 
symptomatic, along with a randomly selected equal 
number of asymptomatic students, received 
echocardiographic evaluation based on World 
Heart Federation criteria. For the development of 
the predictive model, data from the Indian cohort 
were randomly split into training and validation 
sets in an 80:20 ratio. A sensitivity analysis was 
conducted to determine the optimal probability 
threshold for risk classification. A cutoff value of 
0.01 (1%) was selected as the clinically relevant 
threshold for identifying individuals at increased 
risk for RHD. 

Results 

A total of 20 schools were visited, and a 
questionnaire was administered to 8,646 middle- 
and high-school students aged 10–16 years who 
were considered at potential risk for rheumatic 
heart disease (RHD). According to the school 
registry, the total number of students in this age 
group was 15,720. All students present on the day 
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of data collection participated in the survey, 
resulting in a response rate of approximately 55% 
(8,646 out of 15,720). 

All students identified as symptomatic, along with 
an equal number of randomly selected 
asymptomatic students, were invited to undergo 
echocardiographic screening based on the World 
Heart Federation criteria for RHD. Of the 
symptomatic group, 383 out of 1,015 students 
(approximately 38%) underwent echocardiography, 
while 249 out of 7,631 asymptomatic students 
(around 3%) were also screened. Non-participation 
in the echocardiography component was attributed 

to limited awareness of RHD, logistical challenges 
in accessing screening, and in some cases, the 
social stigma associated with an RHD diagnosis. 

Echocardiographic evaluations were performed at a 
diagnostic center in the district town. Students were 
transported to and from the facility with the support 
of research staff and school escorts. Although 
conducting echocardiograms on school premises 
was initially considered for convenience, it was not 
feasible due to government regulations aimed at 
preventing the misuse of ultrasound equipment for 
prenatal sex determination and female feticide.

 
Table 1: Questionnaire-Based Rheumatic Heart Disease Screening Process in the Indian Cohort 

Total 10-16 Years Old Students (N= 15720) 
Study Sample (N= 8646) 

Symptomatic (12%) 
(1015/8646) 

Asymptomatic (88%) 
(7631/8646) 

Echocardiogram screening provided to a subset of 
symptomatic students 

Echocardiogram screening provided to a subset of 
asymptomatic students 

Echo Performed (38%) 
(383/1015) 

Echo Performed (3%) 
(249/7631) 

 
Descriptive Data 

Table 2 presents the baseline characteristics of the 
study participants.  

No significant differences were observed between 
the symptomatic group (students reporting sore 
throat and joint pain) and the asymptomatic group 
in terms of mean age, parental education levels, or 

the average number of individuals sharing a 
sleeping space. 
Outcome Data: Echocardiographic screening, 
conducted according to World Heart Foundation 
criteria [11], identified evidence of rheumatic heart 
disease (RHD) in 30 students from the 
symptomatic group and 4 students from the 
asymptomatic group. 

 
Table 2: Baseline Characteristics of the Study Population in India 

Characteristic Symptomatic Group 
(n = 383) 

Asymptomatic Group 
(n = 249) 

Mean Age (years) 13.2 12.6 
Male (%) 59% 54% 
Median Grade Level 8 7 
Mother’s Education   
- School Education 81% (310) 72% (179) 
- Higher Education 10% (38) 9% (22) 
- Missing Data 9% (35) 19% (48) 
Father’s Education   
- School Education 73% (280) 62% (154) 
- Higher Education 16% (61) 16% (40) 
- Missing Data 11% (42) 22% (55) 
Room Sharing (≥3 persons/room) 58% (222) 59% (147) 
Symptom Mean Frequency; % with ≥2 

episodes (n) 
Mean Frequency; % with ≥2 
episodes (n) 

Fever 5.0; 93% (357) 4.3; 90% (223) 
Sore Throat 3.3; 68.9% (264) 1.3; 34.9% (87) 
Joint Pain 3.0; 63.0% (241) 0.3; 4.8% (12) 
Chest Pain 1.4; 32.6% (125) 1.3; 16.9% (42) 
Shortness of Breath 1.1; 78.0% (299) 0.6; 13.3% (33) 
Dizziness 0.7; 13.3% (51) 0.3; 5.6% (14) 
Easy Fatigue 3.0; 49.6% (190) 1.2; 22.9% (57) 
Palpitations 1.3; 27.0% (105) 0.8; 13.7% (34) 
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Skin Rash 1.3; 15.1% (58) 0.2; 4.8% (12) 
Subcutaneous Nodules 0.4; 89.8% (344) 0.2; 5.2% (13) 
Seizures 0.5; 11.5% (44) 0.2; 4.8% (12) 
Leg Swelling 1.6; 19.6% (75) 0.3; 6.0% (15) 
 
Main Results 

Among the 21 variables assessed in the univariate 
analysis, seven factors—female gender, frequent 
fever, chest pain, seizures, shortness of breath, 
palpitations, and the co-occurrence of sore throat 
and joint pain—were significantly associated with 
the presence of rheumatic heart disease (RHD) (see 
Appendix, Table 1). Categorical variables were 
defined for symptoms such as fever, chest pain, 
seizures, shortness of breath, and palpitations when 
they occurred more than twice over the past five 
years. Students who reported experiencing both 
sore throat and joint pain at least once were 
classified as symptomatic. To develop and validate 
the predictive model, the dataset was randomly 
divided into a training set (80%) and a test set 
(20%). The training data were used to construct the 
model and assess its internal validity. The model’s 
predictive performance was then evaluated on the 
test dataset for cross-validation. For external 
validation, the model was applied to the Nepal 
cohort. 

Multivariable logistic regression analysis was 
employed using the seven identified categorical 
predictors. Among several combinations tested 
through forward, backward, and bidirectional 
stepwise selection (using the stepAIC function in 
R), the most effective model included four 
variables: female sex, shortness of breath, 
palpitations, and the combined presence of sore 
throat and joint pain. The four-variable predictive 
model demonstrated an area under the receiver 
operating characteristic (ROC) curve (AUC) of 
85.4%, which was nearly equivalent to the AUC of 
85.6% obtained from the full seven-variable model 
(refer to Table 3). The model achieved a high 
negative predictive value of 99%, while the 
positive predictive value was 6.8%. When applying 

a threshold probability of 0.01 for identifying 
potential RHD cases—based on results from the 
sensitivity analysis—the model produced a 
likelihood ratio of 1.25 (sensitivity divided by 1 
minus specificity). This threshold was selected to 
identify children with a predicted RHD risk greater 
than 1%. Given that the screening involves 
echocardiography, a non-invasive and relatively 
low-cost diagnostic method, the chosen threshold 
was considered both clinically relevant and 
practically feasible for large-scale screening 
initiatives. 

To create a practical scoring tool from the 
predictive model, the regression coefficients were 
converted into whole numbers by rounding to the 
nearest integer. This approach enhances usability in 
resource-constrained settings where rheumatic 
heart disease (RHD) remains common. The two 
strongest predictors—combined occurrence of joint 
pain and sore throat, and female sex—were each 
assigned a score of two. The remaining variables, 
shortness of breath and palpitations, were each 
given a score of one. This scoring system yields a 
total possible score of six (refer to Table 4), 
allowing for simplified risk assessment in 
community-based screening. 

Table 5 presents the key performance indicators of 
the predictive model. The final model achieved a 
C-statistic (AUC) of 0.854, with a 95% confidence 
interval ranging from 0.780 to 0.921, based on 
2,000 bootstrap samples using DeLong’s method. 
This indicates strong discriminatory power. As 
shown in Figure 1, the calibration histogram across 
different prediction quantiles demonstrated that the 
model was well-calibrated, with close alignment 
between predicted and actual outcomes. There was 
no statistically significant deviation between 
observed and expected results. 

 
Table 3: Comparison between the Full and Final Predictive Models 

Model Included Variables AIC AUC (95% CI) 
Full Model Joint pain and sore throat 

combined, sex, fever, 
chest pain, seizures, 
shortness of breath, 
palpitations 

178 0.856 (0.781–0.928) 

Final Model Joint pain and sore throat 
combined, sex, shortness 
of breath, palpitations 

173 0.854 (0.780–0.921) 
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Table 4: Coefficients of the Final Predictive Model 
Variable Coefficient 95% Confidence Interval 
Intercept –6.56 –8.62 to –5.04 
Joint Pain + Sore Throat 2.17 0.90 to 4.02 
Sex (Female) 2.01 1.06 to 3.15 
Shortness of Breath 1.15 0.28 to 2.01 
Palpitations 1.16 0.30 to 2.01 
 
The average predicted probability in the model was 
low, with a 95% confidence interval ranging from 
0.01 to 0.10. The Hosmer-Lemeshow test 
demonstrated good calibration of the logistic 
regression model, as indicated by a high p-value of 
0.71 and a low Chi-squared statistic of 1.4, 
suggesting an adequate fit. (Refer to Fig. 2) 

Additional Analyses 

Sex-based subgroup analysis revealed that, after 
adjusting for other variables in the final predictive 
model, females had 7.36 times higher odds of 
having RHD compared to males. No significant 
interaction was observed between sex and other 
symptoms included in the model—namely sore 
throat and joint pain combined, shortness of breath, 
and palpitations.  

The analysis also confirmed the absence of 
multicollinearity among the predictors. A 
sensitivity analysis tested various thresholds for 
predicted RHD probability. A cut-off of 0.01 
(indicating a predicted risk greater than 1%) was 
determined to be the most clinically appropriate for 
identifying individuals with suspected RHD. 

Discussion 

Rheumatic heart disease (RHD) continues to pose a 
major public health challenge in low-income 
countries. This study presents a predictive model 
designed to identify children at elevated risk for 

RHD through a simple, questionnaire-based 
approach. The findings suggest that children 
reporting a history of both sore throat and joint pain 
were more likely to be diagnosed with RHD if they 
also experienced repeated episodes of shortness of 
breath and palpitations within the previous five 
years. The model demonstrated strong predictive 
performance, with a negative predictive value of 
100%. Its straightforward scoring system and ease 
of use in school settings highlight its potential as an 
effective tool for RHD screening. 

However, several limitations should be 
acknowledged. First, some children with RHD may 
not present the symptoms included in the model, 
potentially leading to missed cases. Second, the 
reliance on self-reported symptoms introduces the 
possibility of recall bias.  

Third, participation in echocardiographic screening 
may have been influenced by social and cultural 
factors—particularly among girls—due to the need 
for chest exposure during the procedure. In certain 
communities, the perception of RHD as a social 
stigma may also have discouraged participation in 
both the questionnaire and follow-up screening.  

Finally, while the model was developed in a rural 
district in India and validated in a comparable 
setting in Nepal, its generalizability to other 
populations remains to be tested through further 
validation studies. 

 

 
Figure 1: ROC for detection of RHD in training data
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Interpretation  

A study conducted in American Samoa using 
echocardiographic screening found that 
approximately one in every eight school children 
had RHD, the highest rate in the published 
literature [14]. Poor socioeconomic conditions, 
inadequate access to healthcare, and lack of 
awareness are among the many factors contributing 
to the high prevalence of RHD in resource-limited 
communities. Our previous study on RHD 
awareness among school children in India 
demonstrated that student awareness was modest, 
as reflected by their responses to the survey 
questionnaire used in the study [15]. Objectives: 
The objective of the present study was to identify 
RHD in its early stages to facilitate the effective 
use of secondary prophylaxis in a resource-limited 
environment. Progression of RHD is largely 
preventable if detected early and secondary 
prophylaxis initiated [16]. In a cluster randomized 
controlled trial in Nepal, a school-based 
echocardiographic screening program in 
conjunction with secondary prophylaxis with 
antibiotics significantly reduced the burden of RHD 
in the community (3.8 vs. 10.8 per thousand 
children) [17]. A delayed diagnosis of RHD leads 
to disability, premature death, and high societal and 
economic burdens [18]. 

Limitations  

There are many challenges in the diagnosis of 
RHD. This disease is currently diagnosed with 
echocardiography using criteria established by the 
World Heart Foundation [11] and the simplified 
criteria derived from it [19,20]. Although 
echocardiography is a non-invasive procedure that 
can be completed within minutes by trained 
professionals, it is not feasible to use as a primary 
screening tool for all children—especially in low-
resource settings. Limited availability, high costs, 
and a shortage of skilled personnel make 
widespread echocardiographic screening 
impractical in many low-income countries. 
Moreover, there is currently no straightforward 
method to identify children who are most at risk of 
developing rheumatic heart disease.  

Therefore, implementing a simple and accessible 
screening tool to help pinpoint high-risk individuals 
could significantly enhance early detection and 
diagnosis of RHD in underserved communities. 

Conclusions 

This study presents a straightforward and practical 
predictive model for identifying children at risk of 
rheumatic heart disease in resource-constrained 
settings. With further validation in diverse 
community-based populations, this tool holds 
promise for integration into large-scale RHD 
screening initiatives in low-income regions where 

the disease burden remains high. Looking ahead, 
we aim to develop a digital application that enables 
volunteers to input basic clinical information and 
generate a risk score, thereby streamlining and 
expanding screening efforts among vulnerable 
groups. 
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