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ABSTRACT

Community-based noncommunicable disease (NCD) surveillance data are increasingly utilized
as secondary sources in public health research. Variations in dataset structure, variable
nomenclature, data types, and coding systems across surveillance periods frequently impede
data integration and subsequent analyses. This study developed a harmonized community-
based NCD surveillance dataset using secondary data collected at UPTD Puskesmas Johar
Baru, Jakarta, Indonesia, from 2019 to 2021. The methodology included dataset inventory,
variable mapping, standardization of variable names, data types, and coding systems, data
cleaning, derivation of analytical variables, and dataset integration using Python with the
Pandas and NumPy libraries. Three surveillance datasets, comprising 196,949 observations,
were successfully integrated. The harmonization process identified 158 unique variables,
which were standardized into 17 analytical variables while preserving all observations. The
resulting dataset offers a consistent and interoperable structure suitable for epidemiological
studies, health program evaluation, and other public health research. Furthermore, the
harmonization framework established in this study may serve as a practical reference for
standardizing multi-period health surveillance datasets and promoting the broader use of
secondary health data in future public health research.

Keywords: data harmonization; noncommunicable disease surveillance; secondary data;
public health research; dataset development.

INTRODUCTION

Noncommunicable diseases (NCDs) continue to be a major public health concern because of
their high morbidity, mortality, and long-term economic impact (Evyana et al., 2024; WHO,
2025). To support NCD prevention and control efforts, primary health care facilities routinely
collect surveillance data on demographic characteristics, anthropometric measurements,
clinical indicators, and behavioral risk factors (Riley et al., 2016; Xiong et al., 2023). These
surveillance data have considerable value beyond routine reporting because they can be reused
for epidemiological research, program evaluation, and evidence-informed public health policy

development (Djalalinia et al., 2020).
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The increasing availability of routine health surveillance data has created new opportunities for
secondary data analysis and data-driven public health research (Akselrod, 2023; Djalalinia et
al., 2020). However, surveillance datasets collected over multiple years often exhibit
substantial heterogeneity. Differences in variable names, coding systems, data formats,
measurement units, and database structures often arise because of changes in data collection
practices or reporting requirements (Ndher et al., 2023; Yang et al., 2022). As a result,
combining datasets from different periods requires substantial preprocessing before
meaningful analyses can be performed (Yang et al., 2022). Without a systematic harmonization
process, inconsistencies across datasets may reduce data comparability, reproducibility, and
analytical reliability (Hosseinzadeh et al., 2025; Néher et al., 2023).

Several studies have highlighted the importance of data harmonization in improving the
interoperability of health information systems and facilitating the secondary use of health data
(Djalalinia et al., 2020; Yang et al., 2022). Most published harmonization frameworks have
been developed for large-scale health information systems, multicenter cohort studies, or
international collaborative research, whereas practical harmonization procedures for routinely
collected community-based surveillance data remain limited (Néher et al., 2023; Williams et
al., 2023; Yang et al., 2022). To the best of our knowledge, published reports describing
reproducible harmonization workflows for routinely collected community-based surveillance
data at the primary health care level remain scarce, particularly within the Indonesian context.
Consequently, researchers often develop study-specific data preparation procedures, resulting
in inconsistent harmonization practices and limiting the reproducibility of secondary data
integration across studies (Kahn et al., 2016; Yang et al., 2022).

This study aimed to develop a harmonized community-based NCD surveillance dataset using
routinely collected surveillance data from UPTD Puskesmas Johar Baru, Jakarta, Indonesia,
collected between 2019 and 2021. The harmonization process involved dataset inventory,
variable mapping, standardization of variable names, data types, and coding systems, data
cleaning, derivation of analytical variables, and integration of annual surveillance datasets into
a unified analytical dataset. Beyond producing a harmonized dataset, this study proposes a
systematic and reproducible harmonization workflow that can be applied to support the
integration and secondary use of multi-period community-based NCD surveillance data,

thereby improving the reproducibility of data harmonization for future public health research.
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METHODS

Study Design

This methodological study aimed to develop a harmonized community-based
noncommunicable disease (NCD) surveillance dataset by integrating routinely collected data
across multiple annual surveillance periods. The study focused on developing a standardized
and reproducible analytical dataset to facilitate consistent secondary data analysis while

preserving the integrity of the original surveillance records.

Data Source

The study used secondary surveillance data obtained from the community-based NCD
surveillance system at UPTD Puskesmas Johar Baru, Jakarta, Indonesia. The database
consisted of routinely collected surveillance records from January 2019 through December
2021. Rather than selecting a sample, this study included all available surveillance records
collected during the three-year surveillance period to ensure complete representation of the
surveillance database and to avoid information loss during the harmonization process.

Accordingly, no sampling procedure was performed.

Data Harmonization Procedure

We used a structured six-step workflow to make surveillance datasets more consistent across
multiple years. First, we created a detailed inventory to find similarities and differences in
variable names, definitions, coding systems, data types, and measurement units. Next, we
mapped variables representing the same concept into a single data structure, ensuring their
definitions matched across years. Then, we standardized variable names, data types,
measurement units, and coding schemes so all datasets followed the same format. After that,
we cleaned the data by fixing inconsistencies, removing duplicates or invalid records, and
addressing missing or inconsistent values to improve quality. We also created new analytical
variables from existing ones when needed, ensuring data were comparable across years while
preserving the original information. Finally, we combined the harmonized datasets into a single
standardized dataset for further public health research and verified that it was complete,

consistent, and ready for use.

Evaluation of the Harmonization Process
The harmonization process was evaluated descriptively by comparing the characteristics of the
original annual surveillance datasets with those of the final harmonized dataset. The

harmonization workflow was evaluated using predefined process indicators, including the
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number of datasets integrated, the total number of observations retained after integration, the
number of unique variables identified during dataset inventory, the number of standardized
analytical variables generated following harmonization, and the structural consistency of the
final analytical dataset. These indicators collectively assessed the completeness, consistency,
and reproducibility of the harmonization workflow rather than disease outcomes or

epidemiological associations.

Ethical Considerations

This study used anonymized secondary surveillance data routinely collected as part of the
community-based noncommunicable disease (NCD) surveillance program at UPTD
Puskesmas Johar Baru, Jakarta, Indonesia. All personal identifiers were removed before data
access, and all analyses were performed using de-identified records. The secondary use of
surveillance data complied with institutional regulations governing the use of anonymized

health data for research purposes.

RESULTS

Characteristics of the Original Surveillance Datasets

Three community-based noncommunicable disease (NCD) surveillance datasets collected at
UPTD Puskesmas Johar Baru between 2019 and 2021 were included in the harmonization
process. A total of 196,949 surveillance records were available for analysis. The structure of
the annual datasets differed considerably, particularly in the number of recorded variables. The
2019 dataset contained 101 variables, whereas the 2020 and 2021 datasets contained 28 and 29
variables, respectively. These differences reflected changes in data collection and reporting
practices across surveillance periods and highlighted the need for a systematic harmonization

process before dataset integration.

Table 1. Characteristics of the Original Surveillance Datasets

Dataset Year Number of Observations Number of Variables
Dataset 1 2019 38,936 101
Dataset 2 2020 55,372 28
Dataset 3 2021 102,641 29
Total 196,949 158 unique variables*

*Unique variables identified during the dataset inventory across all surveillance years.
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Variable Inventory and Harmonization

The dataset inventory identified 158 unique variable names across the three surveillance
periods. Considerable variation was observed in naming conventions, coding systems, data
types, and measurement formats, even though many variables represented identical concepts.
A variable mapping process was subsequently performed to establish correspondence among
equivalent variables and to create a standardized nomenclature. This procedure reduced
inconsistencies and ensured that variables describing the same information were represented

uniformly in the final dataset.

Table 2. Results of Variable Mapping and Standardization

Original Variable Name Standardized Variable
Berat Badan weight kg
BB weight kg
Berat (Kg) weight kg
Tinggi Badan height cm
Lingkar Perut waist_cm
Tekanan Darah Sistolik systolic_bp
Tekanan Darah Diastolik diastolic_bp

*Only representative variables are presented. Complete variable mapping is available as

supplementary material.

Development of the Harmonized Dataset

Following variable mapping, all datasets underwent standardization of variable names, data
types, coding systems, and measurement formats before integration. Data cleaning was
performed to correct inconsistencies and improve data quality, while analytical variables were
derived where necessary to ensure consistency across surveillance years. The harmonization
process resulted in a unified analytical dataset containing 17 standardized analytical variables

without loss of surveillance records.

Table 3. Summary of the Harmonization Process

Indicator Result
Datasets integrated 3
Total observations 196,949
Unique variables identified 158
Standardized analytical variables 17
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Observation retention

100%

Harmonization Workflow

The harmonization process followed a structured workflow beginning with dataset inventory

and ending with the development of a unified analytical dataset. Each stage was designed to

improve data consistency and ensure comparability across surveillance periods while

preserving the completeness of the original surveillance records.
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Characteristics of the Final Harmonized Dataset

The final harmonized dataset consisted of a standardized variable structure applicable across
all surveillance years. Variable names, coding systems, data types, and measurement formats
were unified, enabling direct comparison across datasets collected at different times. The
resulting analytical dataset provides a consistent, interoperable data resource that can be readily

used for secondary public health research without additional preprocessing.

Table 4. Comparison of Dataset Characteristics Before and After Harmonization

Component Before Harmonization After Harmonization
Variable names Different across years Standardized
Coding systems Inconsistent Unified

Data types Mixed Standardized
Dataset structure Different Integrated
Analytical variables Not standardized 17 standardized variables
DISCUSSION
Principal Findings

In this study, we created a harmonized community-based noncommunicable disease (NCD)
surveillance dataset by combining surveillance records collected over three years. We
combined datasets in different formats into a single unified dataset, ensuring that all eligible
data were retained. Our results show that using a systematic harmonization process can make
surveillance data more consistent, easier to use with other systems, and more reusable for
public health research. The workflow we used is practical and reproducible, so other primary
health care institutions can adapt it to combine their own surveillance data from different years.
We found 158 unique variables, indicating that even within the same surveillance system, data
structure can change significantly from year to year. This happens because data collection
methods, reporting formats, and variable definitions often change over time, which makes it
harder to analyze data across multiple years. If data are not harmonized, these differences can
make it difficult to compare results, repeat analyses, and prepare data for research. Our findings

suggest that harmonizing data is not just a technical step, but an important part of making health
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surveillance data more consistent, usable, and valuable for research (Néher et al., 2023; Yang

et al., 2022).

Comparison with Previous Studies

This study’s results support earlier research showing that data harmonization is key to
combining diverse health datasets, improving system interoperability, and making secondary
health research more reliable ((Néher et al., 2023; Yang et al., 2022). Large projects like the
UK Biobank, the All of Us Research Program, and the OHDSI network have shown that using
standardized data models makes it easier to share data, conduct analyses across multiple centers
and groups, and reuse health data between institutions (Abbasizanjani et al., 2023; Deflaux N
et al., 2023). These examples highlight how harmonized data structures help produce
trustworthy evidence for clinical practice and public health decisions.

Although these large projects were built for major research environments, this study shows that
the same harmonization methods can also be used for community-based surveillance data in
primary health care. By following a clear six-step process—Ilisting datasets, mapping variables,
standardizing, cleaning data, creating analytical variables, and integrating datasets—different
yearly surveillance datasets were combined into one unified dataset without losing valid data.
This outcome suggests that systematic data harmonization is possible even in settings with
limited resources, where data are mainly collected for monitoring programs rather than
research. The workflow described here provides primary health care organizations with a
practical, repeatable way to make their surveillance data more consistent, comparable, and
useful for secondary purposes (Niher et al., 2023; Yang et al., 2022).

These findings matter beyond just creating a single dataset. The harmonized dataset and
workflow provide a practical way to use community-based NCD surveillance data more
effectively in public health research. Standardized datasets make it easier to track trends over
time, compare data across different periods, reduce unnecessary data processing, and support
a range of analyses, including epidemiological studies, health services research, predictive
modeling, and machine learning. By making data more consistent and easier to combine,
systematic harmonization can improve data quality and help guide public health planning and

decisions. As more electronic health and surveillance data are collected, having reliable
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harmonization methods like the one in this study will become even more important for making

the most of these data resources(Djalalinia et al., 2020; Riley et al., 2016; Yang et al., 2022).

Methodological and Practical Implications

The development of a harmonized community-based noncommunicable disease (NCD)
surveillance dataset has important methodological and practical implications for public health
research and practice. A major contribution of this study is the development of a structured and
reproducible data harmonization workflow specifically designed for routinely collected
community-based surveillance data. Unlike many existing harmonization frameworks that
primarily address national health registries, multicenter cohort studies, or large research
databases, the proposed workflow demonstrates that systematic harmonization can be
effectively implemented within routine primary health care surveillance systems. This extends
the applicability of harmonization methodologies to resource-constrained surveillance settings
where data are primarily collected for program monitoring rather than research purposes
(Naher et al., 2023; Yang et al., 2022).

In addition to producing a standardized analytical dataset, this study provides transparent
documentation of each harmonization stage, including dataset inventory, variable mapping,
standardization, data cleaning, analytical variable derivation, and dataset integration. Explicit
documentation of these procedures improves methodological transparency and reproducibility
while offering a practical reference that can be adapted by researchers, public health
practitioners, and health institutions seeking to standardize routinely collected surveillance
data. Although the workflow was developed using surveillance data from a single primary
health care facility, its underlying principles are transferable to other community-based
surveillance systems with similar data structures (Djalalinia et al., 2020).

From a practical perspective, the harmonized dataset facilitates more efficient secondary use
of routinely collected surveillance data by reducing data preprocessing requirements and
improving data consistency across surveillance periods. Standardized datasets enable more
reliable longitudinal analyses, epidemiological investigations, program monitoring and
evaluation, health services research, and advanced analytical approaches such as predictive
modeling and machine learning. As the volume of routinely collected electronic health and
surveillance data continues to increase, practical harmonization frameworks such as the one

proposed in this study can support more efficient data integration, strengthen evidence-
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informed public health decision-making, and maximize the scientific value of routinely

collected health data (Ndher et al., 2023; Riley et al., 2016; Yang et al., 2022).

Study Limitations

Several limitations must be acknowledged when interpreting the findings of this study. First,
the harmonization framework was developed from surveillance data at a single primary health
care institution. The approach showed feasibility for integrating routinely collected
surveillance datasets. However, other health care settings may have different database
structures, variable definitions, coding systems, and reporting practices. These differences may
need further adaptation before broader implementation. Therefore, generalizing the proposed
framework requires caution, and additional validation with multiple datasets is necessary.
Second, this study addressed structural consistency across surveillance datasets. It did not
evaluate completeness, accuracy, or validity of the original records. The quality of the
harmonized dataset depends on the quality of the source data. Future research should add
comprehensive data quality assessments to the harmonization process. This will enhance the
reliability of secondary data analyses.

Finally, this study focused on developing a harmonized surveillance dataset. It did not assess
the dataset's use in epidemiological analyses, predictive modeling, or public health program
evaluation. As a result, the framework's practical utility for supporting analytical performance
and decision-making remains untested. Further research is needed to evaluate how the

harmonized dataset performs in public health research contexts.

CONCLUSION

A harmonized community-based noncommunicable disease (NCD) surveillance dataset was
developed through a systematic process that included dataset inventory, variable mapping,
standardization, data cleaning, analytical variable derivation, and dataset integration. This
harmonization process enhanced the consistency, interoperability, and usability of surveillance
data collected over multiple years, producing a standardized analytical dataset appropriate for
secondary public health research.

In addition to developing a harmonized dataset, this study presents a practical and reproducible
data harmonization workflow that can be adapted to other community-based health surveillance
systems with similar data structures. The proposed framework may facilitate more efficient
data integration, improve the quality and reusability of routinely collected surveillance data,

and support evidence-informed public health research and decision-making. Future research
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should validate the workflow using surveillance datasets from multiple regions and health
information systems, and assess its applicability for epidemiological analyses, predictive

modeling, and public health program evaluation.

LIMITATION

Several limitations of this study should be acknowledged. First, the proposed harmonization
framework was developed using surveillance data from a single primary health care institution,
which may restrict its generalizability to contexts with different database structures, coding
systems, or reporting practices. Second, the harmonization process prioritized structural
consistency and did not evaluate the completeness, accuracy, or validity of the original
surveillance records. Consequently, the quality of the harmonized dataset remains contingent
upon the underlying source data. Finally, the scope of this study was limited to the
methodological development of a harmonized analytical dataset and did not include evaluation
of its application in epidemiological analyses, predictive modeling, or public health program
assessment. Additional validation in diverse surveillance systems is required to establish the

broader applicability and practical utility of the proposed framework.
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