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Purpose: Ectopic pregnancy (EP) is a significant contributor to maternal mortality, posing a major burden on women in developing
countries. This study examined global trends in EP mortality from 1982 to 2021, focusing on developing nations represented by
BRICS countries (Brazil, Russian Federation, India, China, and South Africa).

Methods: Based on the Global Burden Disease (GBD) 2021, an analysis of EP mortality was conducted by location (global and
BRICS), age group (1549 years), and years (1982-2021). The age-period-cohort (APC) model was utilized to estimate net drift, local
drift, age effects, period effects, and cohort effects from 1982 to 2021. Furthermore, the Autoregressive Integrated Moving Average
(ARIMA) model was employed to forecast EP mortality from 2022 to 2030.

Results: Globally, the number of deaths due to EP reached 6442 (95% CI: 5368 to 7796) in 2021, representing a 55.08% increase
compared with 1982. Despite rising absolute deaths, the global Age-Standardized Mortality Rate (ASMR) declined by 15.79%,
reaching 0.16 per 100,000 population in 2021 (95% UI: 0.14 to 0.20), indicating a reduction in population-level risk after accounting
for demographic structure. EP mortality predominantly affected individuals aged 20-39 years across regions. APC analyses revealed
distinct period and cohort effects, with marked heterogeneity across BRICS countries. Net Drift estimates ranged from a substantial
annual decline in the Russian Federation (—10.12%) to a modest decrease in India (—1.62%), with Brazil, China, and South Africa
showing intermediate downward trends.

Conclusion: From 1982 to 2021, varying advancements in managing EP were observed among BRICS nations. Tailored financial
allocations and policy measures aided in lowering EP mortality. Enhancing cross-country collaboration and knowledge exchange
within BRICS countries is crucial for further ameliorating EP outcomes.
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Introduction

Ectopic pregnancy (EP) is defined as a pregnancy that implants outside the uterine cavity generally presenting with
abdominal pain and vaginal bleeding.! It is characterized by a rapid onset and progression.” EP rupture stands as the
predominant contributor to maternal mortality in early pregnancy, manifesting in 9% to 14% of instances and accounting
for 5% to 10% of total pregnancy-related fatalities.” Moreover, with women opting to delay childbearing and the
expanding utilization of assisted reproductive technology worldwide, the incidence of EP is increasing
proportionally.*> EP can adversely affect the physical and mental well-being of pregnant women, increasing the risk
of infertility and even posing a life-threatening condition.”° Therefore, an in-depth analysis of trends in EP mortality is
essential for improving prevention and control strategies.
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Due to limited healthcare resources and constrained health systems, EP remains a significant challenge in low-and
middle-income countries,” and continues to contribute substantially to disease burden in developing regions.® The BRICS
countries (Brazil, the Russian Federation, India, China, and South Africa) account for approximately 42% of the global
population and around 25% of the global economy.’ As large emerging economies undergoing rapid socioeconomic and
demographic transitions, BRICS nations face shared structural challenges in strengthening health systems and ensuring
equitable access to reproductive health services.'® In addition, these countries are also undergoing epidemiological
transitions, with disease burdens increasingly shifting from infectious diseases toward non-communicable and reproduc-
tive health-related conditions. At the same time, they differ considerably in population structure, lifestyle patterns,
infectious disease burden, sexual behavior, and contraceptive use, which may lead to heterogeneous EP mortality patterns
across settings. This combination of a broadly comparable macro-context and substantial inter-country heterogeneity
provides a meaningful framework for examining both shared and context-specific temporal trends in EP mortality.

Recent comprehensive reviews have further highlighted the persistent global burden of EP and emphasized ongoing
challenges in diagnosis and management despite advances in clinical care.!' Previous studies using the Global Burden
Disease 2019 (GBD 2019) database have addressed gaps in epidemiological information on EP, demonstrating a global
decline in its disease burden, However, substantial regional heterogeneity persists, and serious challenges remain in low
and middle income countries. Moreover, these analyses lacked the capacity to assess potential temporal and cohort-
specific trends in EP mortality.”® Age-Period-Cohort (APC) modelling is a validated analytical approach that elucidates
the complex relationship among age, period and cohort effects on EP mortality. The latest update of the GBD 2021
database provides an important opportunity to examine temporal trends and regional disparities in EP across BRICS
countries, thereby deepening understanding of its evolving epidemiological dynamics. The findings from these data may
contribute to the development of strategies aimed at improving health outcomes associated with EP and reducing its
adverse effects on women.

The aim of this study was to analyze trends in EP mortality in BRICS countries between 1982 and 2021 using the
APC model. By comprehensively examining the spatial and temporal variations as well as the geographical character-
istics of EP, an Autoregressive Integrated Moving Average (ARIMA) model was also used to predict the mortality due to
EP from 2022 to 2030. This study aims to provide evidence to address the significant regional heterogeneity in EP
mortality and to inform the rational allocation of medical resources and development of national policies to reduce its
disease burden.

Materials and Methods

Study Source
This study used data from the GBD 2021 public database (http://ghdx.healthdata.org/gbd-results-tool; accessed on July 8,
2024). All data are anonymous and publicly available, with ethical approval for exemption from informed consent

granted by the Human Research Ethics Committee at the University of Washington. The GBD 2021 provides epidemio-
logical estimates for 371 diseases and injuries across 21 regions and 204 countries and territories spanning from 1980 to
2021. We extracted data on EP-related deaths, crude mortality, and age-standardized mortality rate (ASMR) for women
aged 15-49 years, categorized into seven age groups (15-19, 20-24, 25-29, 30-34, 35-39, 4044, and 45-49 years). The
data were obtained from diverse origins, spanning vital registration systems, verbal autopsy assessments, population
censuses, household surveys, disease registries, health service utilization data, and other pertinent repositories.1 To ensure
the reliability of historical data across diverse countries, GBD 2021 employs a standardized data-processing pipeline.
This includes the redistribution of “garbage codes” (nonspecific causes) and the use of the Cause of Death Ensemble
Model (CODEm), which accounts for variations in data quality and availability by integrating diverse covariates and
weighting sources based on their predictive validity. The use of 95% uncertainty intervals (Uls) further reflects the
confidence level of these estimates in relation to data density and quality in each country.'? According to the International
Classification of Diseases (ICD) 9th and 10th editions, EP is defined by codes 633 and 000, respectively.' In the study,
the age groups below 15 years and above 50 years were excluded due to the rarity or absence of EP mortality rates within
these age ranges.'” Although isolated cases may occur in settings with early marriage or advanced maternal age,
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mortality counts in these groups were extremely low in the GBD dataset and were unlikely to materially influence age-
effect estimation.

Statistical Analysis

Age—Period—Cohort Analysis

In our study, we utilized the APC model, with age, period, and cohort as independent variables, to investigate the
probability distribution of event occurrence rates in the population. The APC model evaluated the independent effects of
age, period, and birth cohort on EP burden, revealing longitudinal age distribution, period-relative risk, and cohort-
relative risk. The APC model, which is based on the poisson distribution, is widely employed in epidemiological studies
of diseases in the scientific community.'?

Age refers to the age of women at the time of data collection, with age effects capturing variations across different
age groups. Period represents the year of data collection, with period effects reflecting temporal changes that influence all
age groups simultaneously. Cohort denotes the birth cohort of participants, representing differences in outcomes among
individuals born in the same period.'*

The APC analysis was performed using the National Cancer Institute (NCI) APC web tool (https://analysistools.

cancer.gov/apc/), which applies a log-linear Poisson regression model with a log link and an offset for the log of the
population at risk.'> Parameter estimation was based on the Intrinsic Estimator (IE) method, which addressed the
identification problem arising from the linear dependency among age, period, and cohort (cohort = period — age). This
method provided unbiased and efficient parameter estimates without arbitrary constraints on model parameters.'®'” The
relative risk (RR) of the mortality can be obtained through the natural logarithm transformation of the effect coefficient.
Model adequacy was evaluated using Wald chi-square tests for age, period, and cohort effects, along with inspection of
the coefficient estimates and their 95% confidence intervals.'> Model fit was evaluated using deviance and information
criteria as reported by the Web Tool, and the resulting estimates of longitudinal age curves, and period and cohort effects
were used for interpretation and plotting in R statistical software program (version 4.3.2).

Data Arrangement

In order to control the number of parameters in the APC model and to achieve smooth temporal effect curves, the APC
model requires equal intervals between age and period groups. In this study, the population aged 15 to 49 years was
subdivided into seven groups (15-19,20-24,25-29,30-34,35-39,40-44, and 45-49 years), and the periods were defined as
1982-1986, 1987-1991., 2017-2021. The starting year (1982) was selected based on the earliest year with complete and
stable GBD mortality estimates across BRICS countries and to construct balanced five-year intervals required for APC
modeling. Considering that the birth cohort was determined by the age of the subjects and the year of events (cohort =
period — age),'® the corresponding birth cohorts ranged from 1933-1941 (with a median year of 1937) to 1998-2006
(with a median year of 2002). To ensure model identifiability, the reference period (1997-2001) and reference cohort
(1963-1971) were located around the midpoint of the observation window, providing a stable baseline that minimizes

boundary bias and facilitates interpretation of relative effects.'® '

Auto-Regressive Integrated Moving Average Forecasting

The ARIMA model integrates autoregressive (AR) and moving average (MA) models to analyze time series data. It
characterizes time-dependent random variables and has the capacity to forecast future values based on past
observations.* In this study, a log-transformation was applied to the GBD 1982-2021 dataset to predict the ASMR
for EP during the period 2022-2030.

To ensure data stationarity, each country’s time series was first examined using the Augmented Dickey—Fuller (ADF)
and Kwiatkowski—Phillips—Schmidt—Shin (KPSS) tests. The optimal ARIMA model was automatically selected based on
the minimum Bayesian Information Criterion (BIC), implemented via the auto.arima() function in R (version 4.3.2) with
ic = “bic” and seasonal = FALSE. The original data were used for ARIMA modeling, as they yielded a lower BIC and
provided a better balance between model fit and parsimony. Model adequacy was evaluated through diagnostic analyses,
including autocorrelation (ACF) and partial autocorrelation (PACF) plots, residual normality (Q-Q plot), residual

Clinical Epidemiology 2026:18 https: 3


https://analysistools.cancer.gov/apc/
https://analysistools.cancer.gov/apc/

Xu et al

independence (Ljung—Box test), and residual-fitted value plots. A non-significant Ljung—Box test (p>0.05) indicated
that the residuals satisfied the white noise assumption, suggesting an adequate model fit. The final ARIMA model orders
(p, d, q), transformation type, and BIC values for each series were summarized in Table S1, with detailed diagnostic plots
presented in Figure S1. The data analyses and visualizations were created utilizing the R statistical software program
(version 4.3.2).

Uncertainty Handling in Modeling

Mean point estimates from GBD 2021 were used in the modeling analyses because neither the APC Web Tool nor
conventional ARIMA frameworks support the direct incorporation of Uls. Although uncertainty propagation via Monte
Carlo simulation is theoretically feasible, such an approach would generate an intractable number of parameter
combinations across countries, age groups, and time periods, substantially increasing computational complexity and
limiting the feasibility and interpretability of the results. Therefore, the projections presented in this study should be
interpreted as point estimates rather than probabilistic forecasts.

Results

Globally and in BRICS Countries Trends in EP Mortality 1982-2021

In 2021, the global number of deaths due to EP was 6442 (95% UI: 5368 to 7796), representing a 55.08% increase
compared to 1982. The global ASMR for EP was 0.16 per 100,000 individuals (95% UI: 0.14 to 0.20) in 2021, showing
a decrease of 15.79% from 1982. According to the APC model, the net drift of the global EP mortality from 1982 to 2021
was —0.30 (95% UI: —0.41 to —0.19) (Table 1).

From 1982 to 2021, the number of EP deaths in the BRICS countries declined to varying degrees, while India stood
out with a 50.66% increase. This apparent paradox reflects the distinction between absolute disease burden and age-
standardized risk, whereby rapid population growth and demographic expansion can drive increases in total deaths even
as mortality risk declines. It was noteworthy that during this period, both the global and BRICS countries showed
a decreasing trend in mortality and age-specific mortality across all age groups. Additionally, the range of decline in the
ASMR among the BRICS countries varied from —25% in India to —96.55% in the Russian Federation. The mortality drift
in the BRICS countries also demonstrated varying degrees of decrease, with the largest decline observed in Russian
Federation at —10.12% (95% UI: —12.41 to —7.77), and the smallest decline in India at —1.62% (95% UI: —2.15 to —1.10)
(Table 1).

Time Trends in EP Mortality Across Different Age Groups

Figure 1A illustrated the annual percentage changes in EP mortality across different age groups. In Brazil, China, India,
the Russian Federation, and South Africa, the local drift values were predominantly negative across nearly all age groups,
indicating declining EP mortality in the BRICS countries. However, globally, the local drift values before the age of
25-30 were greater than 0, suggesting an increase in EP mortality globally before the age of 25-30, followed by
a gradual decline (Figure 1A).

Figure 1B depicted the temporal changes in the age distribution of EP mortality. From 1982 to 2021, both globally
and in the BRICS countries, the distribution of deaths was predominantly concentrated within the 20-39 age group
(exceeding 70%),with a smaller proportion observed in the 15-19 and 4049 age groups. The proportion of deaths
attributed to EP remained stable across age groups globally, with Brazil and India showing a similarly sustained stability
over time. In China, the Russian Federation, and South Africa, an evident shift in EP mortality distribution occurred from
younger (20-29 years) to older age groups (30—39 years) (Figure 1B).

Age, Period, and Cohort Effects on EP Mortality

The age effect revealed that both globally and within the BRICS nations, EP mortality showed an increasing trend among
individuals aged 15-25, with the highest rates observed in the 20-25 age group, followed by a decline among women
aged 25-49 years. A distinctive pattern was evident in Russian Federation, where EP mortality rapidly decreased among
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Table | Trends in the Mortality of Ectopic Pregnancy Across BRICS, 1982-2021

Global

Brazil

Russia Federation

India

China

South Africa

1982

2021

1982

2021

1982 2021

1982

2021

1982

2021

1982

2021

Population

Number,
n x 1,000,000
Percentage of
global, %

2307 (2262, 2354)

100

3932 (3823, 4049)

100

65 (60, 70)

28

113 (96, 128)

29

77 (70, 83) 77 (67, 87)

3.3 20

350 (324, 379)

152

690 (605, 782)

17.5

489 (456, 522)

212

695 (644, 747)

17.7

16 (13, 18)

0.7

29 (25, 33)

0.7

Death

Number

Percentage of
global, %

4154 (3629, 4743)
100

6442 (5368, 7796)
100

145 (123, 170)
35

38 (31, 45)
06

209 (171, 258) 4(3,6)
50 0.1

152 (124, 188)
3.7

229 (176, 289)
36

207 (144, 281)
s

76 (53, 108)
1.2

238 (160, 345)
0.4

65 (47, 84)
1.0

Percent
change of
deaths
19822021, %

55.08

-73.79

—98.09

50.66

—63.29

—72.69

All-age mortal

ity rate

Rate per
100,000

0.18 (0.16, 0.21)

0.16 (0.14, 0.20)

022 (0.19, 0.26)

0.03 (0.03, 0.04)

027 (0.22,0.34) | 0.01 (0.00, 0.01)

0.04 (0.04, 0.05)

0.03 (0.03, 0.04)

0.04 (0.03, 0.06)

001 (001, 0.02)

151 (1.02, 2.19)

022 (0.16, 0.29)

Percent
change of rate
1982-2021, %

—86.36

—96.3

—85.43

Age-standardized mortality rate

Rate per
100,000

0.19 (0.16, 0.21)

0.16 (0.14, 0.20)

0.22 (0.19, 0.26)

0.03 (0.03, 0.04)

0.29 (0.23, 0.36) | 0.01 (0.01,0.01)

0.04 (0.04, 0.05)

0.03 (0.02, 0.04)

0.04 (0.03, 0.06)

0.01 (0.01, 0.02)

1.58 (1.07, 2.27)

020 (0.15, 0.26)

Percent
change of rate
1982-2021, %

—-15.79

—86.36

—96.55

—87.34

APC model estimates

Net drift of
mortality rate,

% per year

~0.30 (-0.41, —0.19)

~5.35 (~6.23, —4.45)

—10.12 (1241, -7.77)

~1.62 (-2.15, -1.10)

-293 (-3.57, -2.28)

~5.17 (-5.87, ~4.47)

Notes: All-age mortality rate = crude mortality rate. Age-standardized mortality rate is computed by direct standardization with global standard population in GBD 2021. Net drifts are estimates derived from the age-period-cohort
model and denotes overall annual percentage change in mortality, which captures the contribution of the effects from calendar time and successive birth cohorts. Parentheses for all GBD health estimate indicate 95% uncertainty
intervals; parentheses for net drift indicate 95% confidence intervals; APC=age-period-cohort.
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Figure | Trends and age distribution of ectopic pregnancy mortality in global and BRICS from 1982 to 2021. (A) Local drifts of ectopic pregnancy mortality rate (estimates
from age-period-cohort models) for 7 age groups (1519, 20-24, 25-29, 30-34, 35-39, 40-44, and 45—49). The dots and shaded areas indicate the annual percentage change
of mortality rate (% per year) and the corresponding 95% confidence intervals (Cls). (B) Age distribution of mortality from ectopic pregnancy. Age distribution of mortality
is represented as temporal change in the relative proportion of mortality across age groups during 1982-2021.

women aged 35-49, surpassing all other countries. Of concern was the consistently higher EP mortality across all age

groups in South Africa compared with other nations (Figure 2A).

The period effect indicated a relatively consistent global pattern in mortality risk, suggesting limited improvement

over time. Following the reference period (1997-2001), EP mortality risk continued to decrease in Brazil and the Russian
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Figure 2 Age, period and cohort effects on ectopic pregnancy mortality in global and BRICS. (A) Age effects are shown by the fitted longitudinal age curves of mortality rate
(per 100,000 person-years) adjusted for period deviations. (B) Period effects are shown by the relative risk of mortality rate (mortality rate ratio) and computed as the ratio
of age-specific rates from 1982—1986 (1984.5) to 2017-2021 (2019.5), with the referent period set at 1997-2001 (1999.5). (C) Cohort effects are shown by the relative risk
of mortality rate and computed as the ratio of age-specific rates from the 1933—1941 (1937) cohort to the 1998-2006 (2002) cohort, with the referent cohort set at 1963—
1971 (1967). The dots and shaded areas denote mortality rates or rate ratios and their corresponding 95% Cls.

Federation, while China showed slight and temporary increase between 1997-2006, followed by a declining trend from
2007 to 2021. South Africa displayed a pattern similar to that of China, characterized by a longer period of increasing
mortality risk. South Africa experienced a more pronounced and sustained increase in mortality risk from 1997 to 2011,
followed by a decreasing trend from 2012 to 2021. It was noteworthy that India experienced a continuous decrease in
mortality risk from 1982 to 2021 (Figure 2B).

The cohort effect demonstrated a overall stability globally, indicating limited improvement in EP mortality risks
across different birth cohorts. Following the reference cohort (1963—1971), Brazil, China, the Russian Federation, and
South Africa experienced sustained declines in EP mortality risks. In contrast, in India, mortality risk remained relatively
stable across birth cohorts after the reference cohort (Figure 2C).

Figure 3 presents the ARIMA-based forecast of ASMR for EP from 2022 to 2030.At the global level, the ASMR of
EP is projected to show a slight upward trend over the forecast period. In contrast, declining trajectories are observed in
Brazil, the Russian Federation, and China, with China exhibiting a more pronounced decrease. India and South Africa are
projected to remain relatively stable, showing minimal variation in ASMR throughout the forecast horizon.

Discussion

To our knowledge, few studies have applied the APC model to analyzing EP mortality and to predict EP-related mortality
from 2022 to 2030 using the ARIMA model. Compared to previous GBD 2019 publications,”®* our study provides
a more detailed examination of age, period, and cohort effects and offers projections that may inform future public health

planning.
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Figure 3 Forecast of age-standardized mortality rates with ectopic pregnancy from 2022-2030 through ARIMA. The blue line indicates the predicted value, the dark blue
area indicates the 95% CI (confidence interval) of the predicted value, and the light blue is the 80% CI.

Although the global number of EP-related deaths increased between 1982 and 2021, this pattern should be interpreted
alongside the concurrent decline in the ASMR. This divergence highlights the distinction between absolute mortality
burden and population-level risk, whereby demographic expansion and population growth may drive increases in total
deaths even when underlying mortality risk decreases. The downward ASMR trend may be consistent with multiple
coinciding factors, including improvements in early recognition, broader access to obstetric care, and advances in
diagnostic practices.”> > For example, expanded antenatal care (ANC) coverage during this period may have facilitated
earlier clinical contact and referral opportunities,® while technological developments—such as the wider availability of
transvaginal ultrasound and sensitive serum B-hCG testing—may have contributed to more timely identification of EP
before catastrophic complications occur.”’*® EP mortality was predominantly concentrated in the 20-39 age group, likely
reflecting peak reproductive activity.® The gradual shift toward older reproductive age groups observed in several
countries may be consistent with delayed childbearing patterns.”’ Between 2022 and 2030, the projected global increase
in EP ASMR may be partly related to population aging and shifts toward older maternal age, alongside delayed
childbearing patterns observed globally. The stable patterns predicted for India and South Africa may suggest that
underlying risk structures and health-system conditions will remain broadly unchanged over the forecast horizon. By
contrast, the declining trajectories in Brazil, the Russian Federation, and China may be consistent with sustained
improvements in access to early diagnosis and clinical management. These heterogeneous projections underscore the
importance of strengthening early diagnostic capacity and reproductive healthcare strategies across settings.

In Brazil and China, the relatively higher EP mortality observed among younger women may be consistent with
reproductive-age risk concentration, as EP events inherently occur during periods of highest fertility.’® Age-specific
differences in younger populations may also reflect variations in healthcare-seeking behavior, contraceptive access, or
early recognition of pregnancy complications rather than biological factors alone.>'*? The subsequent reductions in

mortality risk observed after the reference period may coincide with broader transitions in healthcare systems, expansion
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of reproductive health services, and improvements in diagnostic capacity. In Brazil, these patterns may be interpreted in
light of major health-system developments, including the implementation of the National Comprehensive Women’s
Health Care Policy (PNAISM), launched in 2004.** In China, long-term family planning policies may plausibly be

3435 3 mechanism that has been linked to

related to expanded access to reproductive health education and contraception,
lower EP risk in prior studies.*® Since the early 2000s, China has also experienced substantial expansion of maternal and
child health services, particularly in antenatal and obstetric care coverage, which may have facilitated earlier detection
and management of pregnancy-related complications.*® Cohort patterns observed in Brazil and China may likewise be
viewed within the context of broader public health initiatives, including Brazil’s Women’s Comprehensive Healthcare
Program (PAISM) and Unified Health System (SUS), as well as China’s Reproductive, Maternal, Newborn, Child, and
Adolescent Health (RMNCAH) program.®*>"*® Collectively, these interpretations are consistent with prior literature
emphasizing the potential role of healthcare infrastructure, service accessibility, and diagnostic improvements in shaping
EP-related mortality patterns.>>~°

In the Russian Federation, the age effect was similar to that of Brazil and China, however, there was a more rapid
decline in EP mortality among women aged 35-49. This pattern may plausibly be interpreted in the context of
demographic shifts, as the Russian Federation has experienced sustained declines in fertility rates and progressive
population aging.*® The decline in EP mortality observed after the 2000s coincided with broader behavioral and public
health transitions, including documented reductions in alcohol consumption among women of reproductive age.*!
Previous research has indicated that low to moderate alcohol intake is associated with an increased risk of EP.**
Alcohol consumption exceeding 10 g/day was associated with a 1.5-fold higher risk compared with non-drinkers, and
the authors raised the possibility that cigarette smoking and alcohol intake could play a role in the etiology of EP through
altering the motility of normal fallopian tubes.*> However, since the late 2000s, the Russian Federation has intensified
efforts to promote alcohol abstinence during pregnancy, resulting in a significant increase in the percentage of pregnant
women who completely abstain from alcohol, from 46.8% during 20062011 to 54.6% during 2012-2018.*' This shift
may have contributed to the decline in EP mortality risk observed after the reference period (1997-2001). Furthermore,
cohort effects in the Russian Federation may plausibly be associated with long-term improvements in women’s
education. As successive birth cohorts emerged with higher levels of education,** there was a corresponding decrease
in EP mortality risk, likely due to increased knowledge about contraception and reproductive health. This trend under-
scores the importance of women’s education in reducing maternal health risks, including EP.*>

India and South Africa exhibited age-related patterns broadly comparable to those observed in Brazil and China. In
South Africa, the persistently elevated EP mortality across age groups may plausibly be interpreted in the context of the
country’s well-recognized dual burden of infectious diseases and structural healthcare constraints. HIV infection and
sexually transmitted infections (STIs), which remain highly prevalent in this setting, have been associated with an
increased risk of tubal damage and subsequent EP in prior studies.*®** Regarding period effects, the continuous decline
in EP mortality risk observed in India may coincide with long-standing expansions in family planning programs and
contraceptive access initiated in the mid-20th century.**>* Improvements in reproductive health awareness, earlier
clinical contact, and gradual strengthening of maternal healthcare services may also have contributed to this pattern.
In South Africa, the observed temporal changes may be viewed alongside national public health initiatives, including the
National Health Promotion Policy (NHPP) introduced in 2015, which was designed to improve population and maternal
health indicators. From a cohort perspective, the relatively stable mortality patterns observed in India may reflect
persistent structural and social determinants, including inequalities in women’s autonomy, education, and healthcare

accessibility,’ !>

which have been widely recognized as influential factors in reproductive health outcomes. In South
Africa, cohort-level variations may plausibly be related to long-term demographic, epidemiological, and health-system
transitions rather than any single policy intervention. Long-term population and reproductive health strategies, including
the National Population Development Program (PDP), established in 1984, may have influenced healthcare utilization
patterns and broader reproductive health dynamics over time.”> Even under a relatively stable projected trajectory,
persistent structural pressures on the healthcare system may remain relevant for interpreting EP-related mortality

patterns.
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Importantly, EP represents a broader reproductive health challenge beyond maternal mortality. In addition to fatal
outcomes, EP is associated with infertility, recurrent EP, chronic pelvic morbidity, and psychological distress.>*
Therefore, mortality reduction captures only part of the overall disease burden, and prevention strategies should be
integrated within comprehensive reproductive health frameworks.

Despite its contributions, this study has several limitations. First, GBD-based estimates are derived from hetero-
geneous data sources across countries, and variations in data quality, diagnostic practices, and reporting systems may
introduce bias, particularly in settings with limited healthcare capacity where EP mortality may be underestimated.
Second, this study used the mean point estimates of mortality from GBD 2021 without incorporating the corresponding
95% Uls into the APC and ARIMA models, which may underestimate overall statistical uncertainty and lead to
overconfidence in point projections. In addition, ARIMA modeling assumes time-series stationarity after differencing;
residual non-stationarity cannot be entirely excluded and may affect the robustness of long-term projections. In some
age—country strata, relatively small numbers of deaths in certain years may have affected the stability of age-specific
mortality rate estimates despite age standardization. Furthermore, although five-year grouping is standard in APC
modeling, this approach may reduce sensitivity to subtle temporal variations Finally, the study’s reliance on the
ARIMA model, a univariate time-series approach, limits its ability to account for external factors.While we have
addressed this by shortening the forecast horizon to 2030 and applying log-transformations to enhance model stability,
these statistical projections should be interpreted as a baseline trend under the assumption of historical continuity rather
than a definitive prediction of future outcomes.

Conclusions
From 1982 to 2021, the ASMR of EP declined globally, indicating a reduction in population-level mortality risk, yet
substantial heterogeneity persisted across BRICS countries. While most nations exhibited declining or stable patterns,
South Africa remained a comparatively high-risk setting, with projections suggesting a potential upward tendency
through 2030. APC analyses further indicated that EP mortality was concentrated among women of reproductive age,
particularly those aged 20-24 years. These findings highlight pronounced cross-country disparities and age-related
vulnerabilities that may not be fully captured by aggregate trends.

Overall, the observed and projected patterns underscore the importance of context-specific prevention strategies.
Sustained improvements in early diagnosis, timely clinical management, and equitable access to reproductive healthcare
services may be essential for mitigating EP-related mortality, particularly in higher-burden settings.
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