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Abstract

Background: Improved prophylaxis has shifted valvular heart disease (VHD) from rheumatic to non-rheumatic causes globally, with
rheumatic VHD nearly eradicated in high-income countries. However, non-rheumatic VHD remains a major health issue in low-to-
middle-income countries like those in South Asia. This study examines non-rheumatic VHD trends in Pakistan compared to South
Asia and global figures.

Objective: To evaluate non-rheumatic VHD trends in Pakistan from 1990 to 2019 using Global Burden of Disease (GBD) data.

Methods: The study extracted data on prevalence, deaths, disability-adjusted life years (DALYs), and age-standardized death rate (ASDR)
from the GBD study. An ecological design analyzed data using Excel and R-Studio. Poisson regression assessed the 30-year ASDR
trend at global, South Asian, and national levels, calculating percentage changes with incidence rate ratios (IRR) and 95% confidence
intervals.

Results: From 1990 to 2019, Pakistan's non-rheumatic VHD prevalence increased by 14.1% (6.4 to 7.3 per 100,000), and ASDR rose by
12.9% (1.32 to 1.49), with an IRR of 1.102 (95% CI: 1.002-1.198). Global ASDR slightly decreased (IRR: 0.997, 95% CI: 0.971-1.024),
and South Asia’s IRR was 0.996 (95% CI: 0.959-1.034). Deaths in Pakistan rose by 1.1% (0.59 to 0.60 per 100,000), and DALYs
increased by 17% (14.1to 16.5 per 100,000), with significant rises in Sindh (30.3%), Baluchistan (23.7%), and Azad Jammu & Kashmir
(23.9%).

Conclusion: GBD data show a significant increase in non-rheumatic VHD burden in Pakistan over 30 years, necessitating policy and

interventions to address this growing health issue.

1 Introduction

The global landscape of valvular heart disease (VHD) has transitioned from predominantly rheumatic to non-rheumatic etiologies, such
as calcific or degenerative VHD, primarily due to advancements in prophylactic measures and improvements in living standards (1-3).
While rheumatic VHD has been nearly eradicated in high-income countries (1,4), it continues to contribute significantly to morbidity and
mortality in low-to-middle-income countries (LMCs) such as those in South Asia (2,5). Non-rheumatic VHD has also seen a rising
prevalence in these regions, driven by substantial economic growth, increasing urbanization, and aging populations (5,6). The burden of
non-rheumatic VHD has profound implications for healthcare systems, both in isolation and through its association with adverse clinical

conditions such as atrial fibrillation and complications during pregnancy, including placental abruption (7,8).

The South Asian population, including countries like Pakistan, India, Bangladesh, Sri Lanka, Bhutan, and Nepal, is at heightened risk of
cardiovascular diseases (CVD) due to various economic, environmental, and genetic factors (9-13). Pakistan, the second largest country in
the region, with a population nearing 208 million and over 12 million elderly individuals (=60 years), faces a significant burden of CVD,

particularly non-rheumatic VHD, which poses economic and management challenges for its healthcare system (14). Reliable estimates of
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disease burden are crucial for policymakers to make informed decisions; however, data for Pakistan are often limited or unavailable due
to an underdeveloped healthcare infrastructure. The Global Burden of Disease (GBD) study provides an opportunity to assess the burden

of disease from a regional perspective, including the administrative sub-territories of Pakistan (15).

This study aims to evaluate the burden and trends of non-rheumatic VHD in Pakistan compared to South Asian and global figures, based
on GBD estimates from 1990 to 2019. The data includes prevalence, death rates, disability-adjusted life years (DALYs), and age-
standardized death rates (ASDR). This ecological study utilized secondary data from the GBD, which is publicly available and did not
require ethical clearance. The analysis included data extracted from the Global Health Data Exchange query tool, spanning 30 years, and
was analyzed using Microsoft Excel and R-Studio. The percentage change in prevalence and deaths over 30 years was calculated using
2019 as the benchmark year. Additionally, Poisson regression analysis was used to evaluate the 30-year trend in non-rheumatic VHD
ASDR for the global and South Asian regions, as well as at the country level, with the incidence rate ratio (IRR) and 95% confidence
intervals reported.

In Pakistan, the prevalence of non-rheumatic VHD increased by 14.1% from 1990 to 2019, with the highest prevalence noted in the
Islamabad capital territory, showing a 76.4% increase. The ASDR per 100,000 population also increased by 12.9% during this period,
while global and South Asian ASDRs slightly decreased. The number of deaths and DALYs due to non-rheumatic VHD in Pakistan also
showed an upward trend. Notably, Sindh, Baluchistan, and Azad Jammu & Kashmir exhibited the most significant increases in DALY,
highlighting the substantial regional variations in disease burden. This study underscores the urgent need for policy interventions to
address the growing burden of non-rheumatic VHD in Pakistan and similar LMCs, emphasizing the importance of reliable data for effective

healthcare planning and resource allocation.

2 Material and Methods

The study utilized secondary data from the Global Burden of Disease (GBD) study, conducted by the Institute of Health Metrics and
Evaluation (IHME). The data comprised estimates of prevalence, deaths, disability-adjusted life years (DALYs), and age-standardized
death rates (ASDR) due to non-rheumatic valvular heart disease (VHD) in Pakistan from 1990 to 2019. The analysis also included
comparative data for South Asia and the global context to provide a comprehensive overview of the trends and burden of non-rheumatic
VHD. Ethical approval was deemed unnecessary for this study as it relied solely on publicly available secondary data from the GBD study,

ensuring compliance with the Declaration of Helsinki.

The data collection process involved extracting relevant information from the Global Health Data Exchange query tool, a robust platform
that offers extensive health-related datasets. Data specific to non-rheumatic VHD, including its subtypes—calcific aortic valve disease,
degenerative mitral valve disease, and other non-rheumatic valve diseases—were meticulously extracted. This comprehensive dataset
encompassed prevalence rates, mortality rates, DALYs, and ASDR, stratified by gender and various administrative territories within

Pakistan. The dataset covered a 30-year period, allowing for a thorough analysis of trends over time.

Data assessment involved a detailed examination of the extracted information using Microsoft Excel 2013 and R-Studio version 4.2.2. The
percentage change in prevalence, deaths, and DALYs over the 30-year period was calculated by comparing data from 2019 against the
baseline year of 1990. Statistical analyses were conducted to evaluate the trends in non-rheumatic VHD. Poisson regression analysis was
employed to assess the age-standardized death rate (ASDR) trends for the global and South Asian regions and at the country level, with

the incidence rate ratio (IRR) and 95% confidence intervals reported.

The study also accounted for potential regional variations within Pakistan by analyzing data at the provincial level, including Baluchistan,
Azad Jammu & Kashmir, Gilgit-Baltistan, Islamabad Capital Territory, Khyber Pakhtunkhwa, Punjab, and Sindh. Gender-specific analyses

were performed to discern any differences in the burden of non-rheumatic VHD between males and females.

Statistical analyses were conducted using SPSS version 25. Descriptive statistics were used to summarize the data, and inferential statistics
were applied to determine the significance of trends and differences. The results were presented as rates per 100,000 population, with
corresponding counts and relative percentage changes. The IRR and confidence intervals provided a robust measure of the annual

percentage change in ASDR.

Throughout the study, the methodological rigor ensured the reliability and validity of the findings. The comprehensive approach,
encompassing a 30-year period and including both national and regional analyses, provided a detailed understanding of the burden and
trends of non-rheumatic VHD in Pakistan. The study's findings underscore the need for targeted health policies and interventions to

address the increasing burden of non-rheumatic VHD, particularly in low-to-middle-income countries like Pakistan (15).
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3 Results
The results of this study indicate a significant increase in the prevalence, deaths, and disability-adjusted life years (DALYs) due to non-
rheumatic valvular heart disease (VHD) in Pakistan over the 30-year period from 1990 to 2019. The data, extracted from the Global Burden

of Disease (GBD) study, reveal notable trends at both the national and provincial levels, as well as differences between genders.

Table 1: Estimated Prevalence of Non-Rheumatic Valvular Heart Disease in Pakistan by Gender and Province (1990-

2019)
Yr Pak M F BA AJK GB ISB KPK PU SD
1990 6.4 7.5 5.1 5.5 6.9 5.1 8.7 5.7 6.9 5.7
1995 7.0 8.1 5.8 6.2 7.5 5.4 9.3 6.5 7.4 6.5
2000 7.1 8.2 5.8 6.1 7.7 5.7 11.2 6.5 7.4 6.7
2005 7.1 8.4 5.7 5.8 7.7 5.5 14.9 6.3 7.5 6.9
2010 7.1 8.5 5.7 4.9 8.1 4.9 14.4 5.9 7.5 7.4
2015 7.1 8.5 5.7 4.9 8.1 4.9 14.4 5.9 7.5 7.4
2019 7.3 8.9 5.6 4.7 8.1 4.8 15.3 5.6 7.9 7.5
%A 14.4% 18.0% 10.2% -14.0% 17.8% -4.9% 76.4% -3.1% 15.2% 32.6%

Yr: Year; Pak: Pakistan; M: Male; F: Female; BA: Baluchistan; AJK: Azad Jammu & Kashmir; GB: Gilgit-Baltistan; ISB: Islamabad
Capital Territory; KPK: Khyber Pakhtunkhwa; PU: Punjab; SD: Sindh

The data, extracted from the Global Burden of Disease (GBD) study, reveal notable trends at both the national and provincial levels, as

well as differences between genders.

Table 2: Death Rates Due to Non-Rheumatic Valvular Heart Disease in Pakistan by Gender, Province, and Type of Non-
Rheumatic VHD (1990-2019)

Yr Pak M F BA AJK GB ISB KPK PU SD
1990 0.59 0.60 0.60 0.50 0.70 0.40 0.50 0.50 0.70 0.50
1995 0.60 0.60 0.60 0.50 0.70 0.40 0.50 0.50 0.70 0.50
2000 0.60 0.60 0.60 0.50 0.70 0.40 0.50 0.50 0.70 0.50
2005 0.60 0.60 0.60 0.50 0.70 0.40 0.50 0.50 0.70 0.50
2010 0.60 0.50 0.60 0.40 0.70 0.40 0.50 0.50 0.60 0.50
2015 0.60 0.60 0.60 0.40 0.70 0.40 0.40 0.50 0.70 0.50
2019 0.60 0.60 0.60 0.40 0.70 0.40 0.40 0.50 0.70 0.60
%A 1.1% -3.1% 5.4% -13.5% 10.0% 15.2% -14.2% 10.2% -1.8% 15.1%

Yr: Year; Pak: Pakistan; M: Male; F: Female; BA: Baluchistan; AJK: Azad Jammu & Kashmir; GB: Gilgit-Baltistan; ISB: Islamabad
Capital Territory; KPK: Khyber Pakhtunkhwa; PU: Punjab; SD: Sindh

The estimated prevalence of non-rheumatic VHD in Pakistan increased from 6.4 per 100,000 in 1990 to 7.3 per 100,000 in 2019,

representing a 14.4% rise.

Table 3: Disability-Adjusted Life Years (DALYs) Due to Non-Rheumatic Valvular Heart Disease in Pakistan by Gender,
Province, and Type of Non-Rheumatic VHD (1990-2019)

Yr Pak M F BA AJK GB ISB KPK PU SD
1990 14.1 14.1 14.1 12.0 14.8 9.9 12.6 11.1 16.1 11.8
1995 15.6 15.6 15.6 13.9 16.5 11.3 13.7 12.6 17.5 13.5
2000 16.1 16.2 16.0 14.7 17.4 12.8 14.2 13.5 17.6 14.4
2005 15.8 15.9 15.7 14.1 17.2 12.7 13.6 13.8 17.3 14.3
2010 15.6 15.5 15.6 13.0 16.9 12.2 12.4 13.4 17.1 14.2
2015 16.0 16.0 16.0 12.7 17.5 12.1 12.2 13.2 17.8 14.7
2019 16.5 16.5 16.5 12.6 18.4 12.2 12.2 13.4 18.6 15.4
%A 17.0% 17.1% 16.9% 16.9% 23.7% 23.9% -3.2% 20.2% 15.4% 30.3%

Yr: Year; Pak: Pakistan; M: Male; F: Female; BA: Baluchistan; AJK: Azad Jammu & Kashmir; GB: Gilgit-Baltistan; ISB: Islamabad
Capital Territory; KPK: Khyber Pakhtunkhwa; PU: Punjab; SD: Sindh
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The highest increase in prevalence was observed in the Islamabad Capital Territory, with a 76.4% rise. Males showed a higher percentage
increase in prevalence (18.0%) compared to females (10.2%). Conversely, Baluchistan and Gilgit-Baltistan experienced a decrease in

prevalence rates.

The death rate per 100,000 population showed a modest increase of 1.1%, rising from 0.59 in 1990 to 0.6 in 2019. While the female death
rate increased by 5.4%, the male death rate decreased by 3.1%. The most significant increase in death rates was observed in Gilgit-Baltistan

(15.2%) and Sindh (15.1%), whereas the Islamabad Capital Territory and Punjab showed a decline.

The overall DALYs due to non-rheumatic VHD in Pakistan increased by 17.0%, from 14.1 in 1990 to 16.5 per 100,000 in 2019. Both males
and females exhibited similar increases in DALYs, at 17.1% and 16.9%, respectively. Sindh, Baluchistan, and Azad Jammu & Kashmir

reported the most substantial increases in DALYs, indicating significant regional variations.

The age-standardized death rate (ASDR) for non-rheumatic VHD in Pakistan increased by 12.9% over the study period, in contrast to the
global and South Asian trends, which showed slight declines. The increasing burden of non-rheumatic VHD in Pakistan highlights the

need for targeted health policies and interventions to address this growing public health issue.

4 Discussion

The study revealed a notable increase in the burden of non-rheumatic valvular heart disease (VHD) in Pakistan over the past three decades,
in stark contrast to the slight declines observed in South Asia and globally. This upward trend in Pakistan, characterized by increased
prevalence, mortality, and disability-adjusted life years (DALYs), underscored the pressing need for targeted health policies and

interventions.

Several factors contributed to the rising prevalence of non-rheumatic VHD in Pakistan. The demographic shift towards an aging
population and increased life expectancy likely played a significant role (16). Economic growth, urbanization, and lifestyle changes,
including higher rates of hypertension, diabetes, and smoking, exacerbated the risk factors associated with non-rheumatic VHD (18,19).
This was consistent with global trends, where similar socio-economic factors contributed to the rise in non-rheumatic VHD (6). However,
the rate of increase in Pakistan surpassed that of many other regions, indicating potentially unique national challenges and healthcare

disparities.

The findings also highlighted significant regional variations within Pakistan. The Islamabad Capital Territory exhibited the highest
increase in prevalence, which might be attributed to better diagnostic facilities and healthcare access in the capital, leading to higher
detection rates. Conversely, regions like Baluchistan and Gilgit-Baltistan showed a decline in prevalence, possibly due to inadequate
healthcare infrastructure and underreporting (17). These disparities pointed to the uneven distribution of healthcare resources across the

country, necessitating a more equitable allocation to address the healthcare needs of all regions.

In terms of mortality, the slight overall increase masked significant gender differences. While female mortality rates rose, male rates
declined, suggesting potential differences in healthcare access, disease management, and underlying health conditions between genders.
Previous studies have indicated that women might experience different progression and outcomes of non-rheumatic VHD compared to

men, warranting gender-specific health interventions (19).

The study’s reliance on data from the Global Burden of Disease (GBD) study provided robust estimates but also introduced limitations.
The GBD methodology, while comprehensive, relied on secondary data, which might not capture all nuances of the local healthcare context
(25). The lack of national representative studies in Pakistan posed a significant limitation, as the estimates might not fully reflect the on-
ground reality. Furthermore, regional data discrepancies highlighted the need for improved data collection and reporting mechanisms to

ensure more accurate and reliable health statistics.

Despite these limitations, the study's strengths lay in its extensive temporal and geographical coverage, providing a detailed analysis of
non-rheumatic VHD trends over 30 years. The use of advanced statistical methods, including Poisson regression analysis, ensured robust
trend analysis and reliable conclusions. The comparative approach, examining national, regional, and global data, offered valuable insights

into Pakistan’s unique challenges and opportunities for improvement.

In light of the findings, several recommendations emerged. Strengthening healthcare infrastructure, particularly in underserved regions,
was crucial. Enhancing diagnostic capabilities and increasing awareness about non-rheumatic VHD could improve early detection and
management, potentially reducing the disease burden. Additionally, addressing the socio-economic determinants of health, such as
lifestyle changes and access to healthcare, would be essential in mitigating the risk factors associated with non-rheumatic VHD. Gender-

specific health strategies should be developed to address the differential impact of non-rheumatic VHD on men and women.
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Overall, the study underscored the growing burden of non-rheumatic VHD in Pakistan and the urgent need for targeted health policies

and interventions. By addressing the identified gaps and leveraging the strengths of the healthcare system, Pakistan could effectively

manage and reduce the impact of non-rheumatic VHD, improving health outcomes for its population.

5

Conclusion

The study concluded that the burden of non-rheumatic valvular heart disease (VHD) in Pakistan has significantly increased over the past

30 years, contrasting with the slight declines observed in South Asia and globally. This rise in prevalence, mortality, and disability-adjusted

life years (DALYs) underscores the urgent need for targeted health policies and interventions. Addressing regional disparities in healthcare

access, enhancing diagnostic capabilities, and implementing gender-specific health strategies are crucial steps. These measures, coupled

with efforts to mitigate socio-economic risk factors, can improve early detection, management, and overall health outcomes, thereby

reducing the impact of non-rheumatic VHD in Pakistan.
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