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Objective: Ectopic pregnancy (EP) is a significant global health concern and is associated with maternal mortality and compromised 
future fertility. This research aims to refine the assessment of EP’s global impact and its associated inequalities.
Methods: EP’s incidence, prevalence, mortality, and disability-adjusted life years (DALYs) were analyzed using the data from the 
Global Burden of Disease study from 1990 to 2021. Decomposition analysis was performed to examine the roles of ageing, population 
growth, and epidemiological changes. Novel frontier and health inequality analyses (Slope Index of Inequality, Concentration Index) 
were conducted to evaluate socio-demographic disparities.
Results: From 1990 to 2021, the global age-standardized incidence rate (ASIR) decreased from 305.9 to 212.87 per 100,000. 
However, absolute DALYs increased from 288,083 to 396,856, with the highest burden shifting to the 20–24 age group. Health 
inequality analysis revealed a significant but narrowing absolute disparity (SII: −56.68 to −36.56), while frontier analysis identified 
sub-Saharan African nations with the largest unmet potential for health improvement. Decomposition showed that population growth 
and epidemiological changes were primary drivers of rising DALYs.
Conclusion: Declining EP incidence masks increasing absolute burden and persistent severe inequities. Our findings underscore an 
urgent public health imperative: to implement equity-focused interventions that enhance early diagnosis, safe management, and the 
preservation of fertility, particularly in low-resource settings.

Plain Language Summary:  
EP has posed a considerable health challenge, especially in areas defined by low- and middle-income status. This study analyzes the 
GBD data from 1990 to 2021 to provide updated estimates related to the incidence, prevalence, mortality, and DALYs associated with 
EP. Our comprehensive examination indicated a reduction in the occurrence of EP; however, there is an accompanying increase in the 
overall mortality and years lived with disability, underscoring persistent challenges in this domain. This work reveals significant health 
disparities across different regions globally and highlights the necessity for enhancing reproductive health services and implementing 
targeted interventions to improve outcomes for women impacted by EP worldwide. 
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Introduction
Ectopic pregnancy (EP) represents a significant concern in the fields of obstetrics and gynecology, characterized by the 
implantation of a developing blastocyst in a location outside the uterine cavity, most commonly within the fallopian 
tube.1 The underlying pathophysiology involves functional or anatomical impairment of fallopian tube transport, 
frequently linked to prior pelvic inflammatory disease, tubal surgery, or endometriosis, which can disrupt embryo 
migration and lead to ectopic implantation.2,3 It has been estimated that EP occurs in about 1–2% of all pregnancies 
all over the world.4 Although most EPs originate in the fallopian tubes, they can also be found at other sites such as the 
cervix, ovaries, abdominal cavity, and even at the site of old cesarean scars.5 The clinical presentation of EP can range 
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from asymptomatic to severe presenting symptoms of abdominal pain to life-threatening complications such as hemo
dynamic shock; hence, it is considered one of the major challenges faced by obstetricians and gynecologists.1 Diagnosis 
relies on serial beta-human chorionic gonadotropin (β-hCG) monitoring and transvaginal ultrasonography, with manage
ment ranging from medical treatment with methotrexate to surgical intervention, guided by the patient’s hemodynamic 
stability and desire for future fertility.2,3 However, it is equally important to note that EP accounts for 10–15% of 
maternal deaths, especially in resource-limited settings.1,6

Critically, the burden of EP extends beyond acute morbidity and mortality. A recent meta-analysis underscores that 
EP history is related to long-term reproductive sequelae, including a significantly elevated risk of recurrent ectopic 
pregnancy, infertility, and adverse outcomes in subsequent pregnancies (eg, preterm birth and placental disorders).2 This 
highlights that the true impact of EP encompasses both immediate safety and long-term reproductive potential, 
contributing to its substantial disease burden.

Despite the high burden associated with EP, most studies conducted to date have been regional, single-center 
analyses7–10 with limited generalizability.7–10 In such studies, population sample sizes and temporal spans are typically 
small, preventing an overview of EP incidence trends over time. Consequently, there is now an urgent need for deeper 
and broader data to further inform our understanding of this condition. Fortunately, advances in public databases and data 
mining techniques now enable the extraction of potentially valuable insights from large datasets to further advance 
clinical applications.11,12 The Global Burden of Disease (GBD) study presently offers comprehensive epidemiological 
estimates, including the global age-standardized incidence rate (ASIR) and the age-standardized disability-adjusted life 
years rate (ASDR), for assessing the effects of EP and the effectiveness of associated prevention and treatment strategies.

The disparities in EP outcomes are profoundly influenced by socio-economic determinants. Access to essential 
healthcare services—including early diagnostic tools like ultrasound, timely surgical intervention for ruptured cases, 
and comprehensive fertility care—varies dramatically across socio-demographic index (SDI) quintiles.13 These inequities 
directly contribute to the higher rates of mortality and long-term morbidity observed in low-resource settings. Therefore, 
addressing this burden is integral to achieve the Sustainable Development Goals (SDGs), particularly SDG 3.1, which 
aims to reduce the global maternal mortality ratio, and SDG 3.7. This ensures universal access to sexual and reproductive 
healthcare services.14

EP research is crucial within the GBD framework. These in-depth studies at the global, regional, and national levels 
of burden will enlighten the present situation and reveal emerging trend to inform public health strategies and 
reproductive health policies. More particularly, the literature observes limited knowledge regarding global and country- 
specific epidemiological trends of EP due to scarce available data.15,16 This study aims to address this gap by utilizing 
GBD data to illustrate trends in the burden of the condition over a period of more than three decades, from 1990 to 2021, 
focusing on incidence, prevalence, mortality, and disability-adjusted life years (DALYs). This paper represents the first 
comprehensive global analysis of EP that utilizes the GBD 2021 dataset and integrates novel analytical approaches, 
including decomposition analysis to quantify the drivers of DALY changes and frontier analysis to identify countries with 
the largest unrealized health potential. In addition, health inequalities related to EP burden were assessed using the 
established metrics to illustrate differences across different SDI quintiles. The purpose of this research paper is to present 
key insights to inform public health responses and clinical practice toward improved reproductive health outcomes and 
specific interventions to lower the impact of EP on women’s health worldwide.

Methods
Data Source
This study utilized data collected as part of the GBD 2021 initiative. Comprehensive global burden estimates of diseases, 
injuries, and risk factors were shown in this study. The GBD 2021 study estimated 204 countries and territories using 
data from various sources. These included vital registration systems, health data from hospitals and outpatient centers, 
epidemiological surveys, and published studies. Data were categorized for 371 diseases and injuries and 88 risk factors, 
disaggregated by sex, age group, and geographic region.17 EP is characterized by implantation of the fertilized ovum 
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outside the uterine cavity, predominantly in the fallopian tubes, particularly the ampulla region. Mothers often experience 
serious illness or even death as a result.18 GBD cause code A.6.1.6, ICD-10 codes O00.0-O00.2, and O00.8-O00.9.

The estimates in GBD 2021 were developed using advanced statistical modeling. The research relied on DisMod-MR 
and the Cause of Death Ensemble model (CODEm), which are common standardization tools. As a Bayesian meta- 
regression tool, DisMod-MR improves consistency when analyzing all available data on the incidence, prevalence, 
remission, and mortality rates of a specific disease, which are important epidemiological parameters.19 For analyzing data 
on causes of mortality, CODEm is a sophisticated instrument for analyzing data on causes of mortality. A combination of 
different modeling approaches was used to determine which covariates best suit out-of-sample prediction validity testing 
and ratio or cause-score analysis.20,21

To achieve this goal, information about GBD 2021 was retrieved from the open-access repository for global health 
data known as the Global Health Data Exchange (GHDx). Additionally, EP data on incidence, prevalence, mortality, and 
DALYs for the period of 1990–2021, on a global, regional, and age-stratified national level, were extracted using the 
GHDx GBD Results Tool (http://ghdx.healthdata.org/gbd-results-tool). This allowed for an accurate portrayal of the 
disease’s burden. Both the SDI categories and the 21 GBD regions were used to stratify the data.

The GBD 2021 study adhered to the Guidelines for Accurate and Transparent Health Estimates Reporting (GATHER) 
as standard practice to ensure that modeling of global health metrics is transparent and can be reproduced. The GATHER 
statement outlines suggested best practices for reporting health estimates, including standardization of data sources and 
full reporting of methodological approaches.22 Data for this study was retrieved according to the GBD study protocol to 
ensure the ethical use of publicly available data. No individual-level data were used, and no ethical approval was required 
for the secondary use of GBD estimates.

Statistical Analysis
The methodology of the 2021 GBD study has been extensively documented in prior research.23 In this analysis, a 95% 
uncertainty interval (UI) was computed for each metric. Rates are presented as occurrences per 100,000 individuals. P < 
0.05 were deemed significant.

Study Population and Age-Standardization
This study focused exclusively on the female population. All estimates, including incidence, prevalence, mortality, and 
DALYs, are specific to females. The age-standardized rates (ASIR, ASPR, ASMR, ASDR) were calculated using the 
GBD standard female population to ensure comparability across different regions and over time. Although the burden of 
EP is concentrated in the reproductive age groups (15–49 years), the age-standardization process accounts for the entire 
age structure to provide unbiased comparisons.24

Handling of Missing or Sparse Data
The GBD modeling framework, through DisMod-MR and CODEm, is specifically designed to address the challenges of 
missing, sparse, or heterogeneous data from different sources.25 These models use spatiotemporal Gaussian process 
regression and covariate analysis to borrow strength from data-rich locations and years to inform estimates in data-sparse 
settings.26 This approach ensures that all estimates across the study period and across all 204 countries and regions are 
complete and comparable, even when direct empirical data are unavailable for certain countries or years.

Additional Analytical Methods
Estimated annual percentage change (EAPC) was selected as a metric to monitor the changes in metrics like incidence 
and prevalence rates across specific time frames. Prevalence, incidence, mortality, and DALY rates of EP from 1990 to 
2021 across different regions were estimated. A linear equation including the natural logarithm of each rate was fitted to 
a regression model using time as the independent variable to compute the EAPC. This procedure determines the EAPC 
by utilizing the slope of the regression line, which is represented as y = α + βx + ε, where x represents the year, y for the 
natural logarithm of the rate, α for the intercept, β for the slope, and ε for the random error. The EAPC is further 
expressed as 100×(exp(β) −1).27 Following this model, the EAPC’s 95% confidence intervals (CIs) was derived. The 
interpretation of trend results was obtained based on the 95% CIs. If the lower bound of the 95% CI is greater than 0, an 
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increasing trend is indicated; if the upper bound is less than 0, a decreasing trend is suggested. If the 95% CI includes 0, 
it implies no statistically significant difference in the trend.28

From 1990 to 2021, decomposition analysis was carried out to understand how changes in DALYs were influenced by 
ageing, population increase, and epidemiological alterations. Here, the changes in mortality and morbidity rates after 
adjusting for population size are relevant to epidemiology.29 Frontier analysis was used to investigate the correlation 
between the burden of EP and sociodemographic developments. To establish a nonlinear frontier that represents the 
minimal feasible load in respect to development state, we followed the approaches in past work and conduct non- 
parametric data envelope analysis.30,31 Effective differences, defined as the gap between a region’s observed DALY rate 
and its frontier, measure unrealized health improvements relative to the region’s or country’s current development level.

Inequality was examined using both total DALYs and DALYs rates. Following the recommendations of the World 
Health Organization, two widely-used measures, the Slope Index of Inequality (SII) and Concentration Index, were 
employed to evaluate absolute and relative disparities among nations with respect to income.32–34 The slope of the 
regression line that connects each country’s weighted rank with its DALYs rate for EP was determined by the SII. 
Dividing the global DALYs rate by the SII yields a relative inequality index, facilitating more equitable distribution of 
burden levels. To determine how different nations’ EP burdens compare, the Concentration Index uses data fitting 
techniques on the Lorenz concentration curve, which shows the relationship between cumulative DALYs and cumulative 
population. A positive concentration index indicates a higher burden of EP in countries with lower SDI; ranging from −1 
to 1, it quantifies the area under this curve.

Uncertainty Intervals and Statistical Inference
All estimates are presented with 95% UIs. These UIs are derived from the 2.5th and 97.5th percentiles of the posterior 
distribution of the GBD models, which inherently propagate uncertainty from all stages of the modeling process, 
including sampling error, measurement error, and model specification. Therefore, the reported 95% UDIs already account 
for estimation uncertainty and do not require additional multiple comparison adjustments (eg, Bonferroni correction) as 
standard practice in GBD analyses. The trends was interpretated based on whether these 95% UIs excluded zero, 
providing a conservative and well-established approach to statistical inference.28

All statistical analyses and graphics were performed using R version 4.4.1.

Results
Overview of the Global Burden
Figure 1 (panels A and B) presents the ASIR for EP across 204 countries and territories. Over the span from 1990 to 
2021, the global incidence of EP, as detailed in Table 1, exhibited a downward trend. In 1990, there were 8,547,903 (95% 
UI: 6,683,900 to 10,659,847) reported EP cases worldwide, with an ASIR of 305.9 per 100,000 (95% UI: 241.31 to 

Figure 1 Global burden of EP across 204 countries and territories. (A) ASIR of EP in 2021; (B) EAPC for the ASIR of EP, 1990 to 2021. (C) ASPR of EP in 2021; (D) EAPC for 
the ASPR of EP, 1990 to 2021. (E) ASMR of EP in 2021; (F) EAPC for the ASMR of EP, 1990 to 2021. (G) ASDR of EP in 2021; (H) EAPC for the ASDR of EP, 1990 to 2021.
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380.32). By 2021, the cases had decreased to 8,376,810 (95% UI: 6,651,561 to 10,424,089), with an ASIR of 212.87 per 
100,000 (95% UI: 169.27 to 264.19). The EAPC in the global EP ASIR from 1990 to 2021 was −0.91 (95% CI −1.03 to 
−0.79), indicating a slow but consistent decrease in the incidence of EP throughout the study period.

Figure 1C and D and Table 2 display the global prevalence of EP in 1990 and 2021. In 1990, global EP prevalence 
cases were reported as 70,322 (95% UI: 46,306 to 104,056), with an age-standardized prevalence rate (ASPR) of 2.52 per 
100,000 population (95% UI: 1.65 to 3.7). By 2021, this figure had marginally declined to 68,911 (95% UI: 45,381 to 
101,997), with the ASPR decreasing to 1.75 per 100,000 population (95% UI: 1.15 to 2.6). The EAPC for the global EP 
ASPR from 1990 to 2021 was −0.62 (95% CI: −0.7 to −0.53), indicating a slight decrease in prevalence over three 
decades.

Figure 1E and F and Table 3 illustrate the global age-standardized morality rate (ASMR) for EP. In 1990, the ASMR 
was 0.17 per 100,000 population (95% UI: 0.15 to 0.19), with 4,636 deaths reported (95% UI: 4,071 to 5,242). By 2021, 
the ASMR had slightly decreased to 0.16 per 100,000 population (95% UI: 0.14 to 0.20), though the number of deaths 
had increased to 6,442 (95% UI: 5,368 to 7,796). The EAPC for the global EP ASMR was 0 (95% CI: −0.01 to 0.01), 
indicating no significant change during this period.

Figure 1G and H and Table 4 present the global DALYs for EP. In 1990, global DALYs for EP totaled 288,083 cases 
(95% UI: 252,585 to 325,017), with an ASDR of 10.37 per 100,000 population (95% UI: 9.1 to 11.72). By 2021, DALYs 
had risen to 396,856 cases (95% UI: 332,643 to 479,325), while the ASDR had marginally decreased to 10.21 per 
100,000 population (95% UI: 8.56 to 12.34). The EAPC for global EP DALYs from 1990 to 2021 was 0.05 (95% CI: 
−0.02 to 0.11), reflecting no significant change during this period.

Table 1 Incidence of EP in 1990 and 2021 for Female and All Locations, with EAPC from 1990 and 2021

Location 1990 2021 EAPC % (95% CI) 

1990–2021
Cases (95% UI) Age-Standardized 

Incidence per 100,000 

Population (95% UI)

Cases (95% UI) Age-Standardized 
Incidence per 

100,000 Population (95% UI)

Global 8547903 (6,683,900–10,659,847) 305.9 (241.31–380.32) 8,376,810 (6,651,561–10,424,089) 212.87 (169.27–264.19) −0.91 (−1.03–−0.79)

SDI

Low SDI 1355052 (1,074,325–1,650,433) 605.11 (479.53–733.91) 2,077,998 (1,633,120–2,562,461) 377.99 (297.61–467.84) −1.56 (−1.64–−1.48)

Low-middle SDI 2306320 (1,816,398–2,841,694) 413.04 (326.08–506.53) 2,180,879 (1,700,297–2,717,848) 209.46 (164.35–261.09) −2.19 (−2.23–−2.15)

Middle SDI 2539322 (1,937,318–3,212,835) 268.24 (207.24–339.66) 2,042,380 (1,589,840–2,591,981) 162.97 (125.93–205.95) −1.11 (−1.34–−0.89)

High-middle SDI 1662345 (1,274,577–2,141,564) 281.14 (216.39–361.51) 1,459,426 (1,135,667–1,853,758) 233.29 (181.59–293.6) 0.08 (−0.24–0.4)

High SDI 680007 (504,045–876,596) 146.17 (108.79–187.32) 611,079 (476,757–775,439) 121.55 (95.36–153.36) −0.56 (−0.6–−0.51)

Region

Andean Latin America 75296 (58,177–95,662) 401.17 (311.74–504.89) 90,220 (70,650–114,402) 251.58 (197.53–318.44) −1.39 (−1.48–−1.3)

Australasia 9757 (7046–13,224) 88.88 (64.26–119.98) 13,881 (10,608–17,864) 91.41 (70.16–116.98) −0.67 (−1.01–−0.32)

Caribbean 28568 (21,899–36,779) 149.15 (115.05–190.41) 28,137 (21,812–36,094) 115.43 (89.51–147.62) −0.76 (−0.82–−0.7)

Central Asia 121385 (93,041–155,075) 328.3 (257.91–415.48) 117,855 (90,057–148,504) 236.85 (181.6–299.97) −0.59 (−0.8–−0.38)

Central Europe 85095 (64,034–107,650) 145.65 (108.39–186.11) 56,865 (44,196–71,637) 118.02 (91.36–148.49) −0.21 (−0.55–0.13)

Central Latin America 255706 (195,089–330,117) 302.22 (231.29–390.08) 271,381 (213,037–340,925) 197.68 (155.34–248.24) −1.63 (−1.8–−1.46)

Central Sub-Saharan Africa 148688 (115,712–184,877) 599.82 (468.78–740.41) 237,814 (183,802–296,122) 366.49 (283.99–458.27) −1.43 (−1.6–−1.25)

East Asia 2317039 (1,726,352–3,041,264) 320.03 (240.33–419.96) 1,573,841 (1,217,934–2,034,068) 230.09 (176.81–295.25) −0.28 (−0.72–0.16)

Eastern Europe 399762 (305,937–511,385) 364.74 (277.8–466.74) 362,383 (277,648–463,224) 376.51 (288.13–484.92) 1.28 (0.8–1.77)

Eastern Sub-Saharan Africa 519667 (400,367–646,539) 601.83 (473.59–731.5) 785,983 (613,601–975,737) 367.8 (287.2–452.87) −1.63 (−1.71–−1.55)

High-income Asia Pacific 63026 (45,818–83,678) 73.02 (53.05–97.26) 43,572 (32,322–58,423) 59.73 (44.04–79.96) −0.67 (−0.8–−0.54)

High-income North America 180141 (128,814–247,558) 116.78 (83.53–158.72) 134,334 (107,264–168,521) 78.44 (62.65–98.11) −2.11 (−2.47–−1.75)

North Africa and Middle East 455712 (356,339–566,703) 294.94 (229.55–371.75) 493,516 (384,321–624,996) 150.86 (117.4–191.23) −1.98 (−2.13–−1.83)

Oceania 15120 (11,818–19,542) 495.88 (386.66–638.49) 26,505 (20,564–34,389) 377.34 (293.01–487.55) −0.91 (−0.98–−0.84)

South Asia 2374206 (1,845,338–2,977,186) 450.13 (352.88–558.04) 2,118,489 (1,614,271–2,712,644) 207.21 (158.27–265.31) −2.55 (−2.59–−2.51)

Southeast Asia 447645 (345,253–567,698) 183.38 (141.9–232.57) 438,619 (339,166–554,738) 118.38 (91.1–149.51) −1.25 (−1.32–−1.18)

Southern Latin America 116020 (88,501–148,655) 461.84 (351.4–592.34) 119,765 (90,669–154,002) 337.36 (255.34–432.34) −0.79 (−0.85–−0.72)

Southern Sub-Saharan Africa 42307 (33,344–51,499) 153.44 (121.52–183.79) 42,778 (33,286–52,469) 95.61 (74.42–117.32) −1.59 (−1.7–−1.47)

Tropical Latin America 31452 (25,487–37,812) 38.78 (31.59–46.76) 79,082 (58,840–102,091) 64.51 (47.82–83.16) 2.47 (1.89–3.05)

Western Europe 327176 (241,472–424,652) 167.33 (124.16–216.39) 341,945 (265,068–436,111) 182.48 (141.24–233.02) 0.54 (0.44–0.65)

Western Sub-Saharan Africa 534136 (415,562–659,610) 615.06 (484.43–751.61) 999,844 (779,643–1,227,329) 419.8 (329.87–513.53) −1.15 (−1.23–1.07)

Abbreviations: CI, confidence interval; EAPC, estimated annual percent change; EP, ectopic pregnancy; UI, uncertainty interval.
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Table 2 Prevalence of EP in 1990 and 2021 for Female and All Locations, with EAPC from 1990 and 2021

Location 1990 2021 EAPC % (95% CI) 
1990–2021

Cases (95% UI) Age-Standardized 
Prevalence per 100,000 

Population (95% UI)

Cases (95% UI) Age-Standardized 
Prevalence per 100,000 

Population (95% UI)

Global 70322 (46,306–104,056) 2.52 (1.65–3.7) 68,911 (45,381–101,997) 1.75 (1.15–2.6) −0.62 (−0.7–−0.53)

SDI

Low SDI 11146 (7289–16,398) 4.98 (3.28–7.32) 17,090 (11,200–25,033) 3.11 (2.03–4.54) −1.26 (−1.31–−1.2)

Low-middle SDI 18974 (12,469–28,009) 3.4 (2.21–5.01) 17,939 (11,630–26,588) 1.72 (1.11–2.55) −1.56 (−1.59–−1.52)

Middle SDI 20892 (13,557–30,629) 2.21 (1.43–3.25) 16,805 (10,989–25,017) 1.34 (0.88–1.99) −0.7 (−0.85–−0.55)

High-middle SDI 13675 (8928–20,214) 2.31 (1.51–3.42) 12,007 (7772–17,813) 1.92 (1.25–2.84) 0.05 (−0.16–0.26)

High SDI 5595 (3569–8519) 1.2 (0.77–1.82) 5028 (3285–7352) 1 (0.66–1.48) −0.29 (−0.31–−0.27)

Region

Andean Latin America 620 (400–903) 3.3 (2.12–4.82) 742 (474–1092) 2.07 (1.32–3.04) −1.01 (−1.08–−0.94)

Australasia 80 (49–125) 0.73 (0.45–1.14) 114 (73–171) 0.75 (0.48–1.13) −0.28 (−0.43–−0.14)

Caribbean 235 (150–349) 1.23 (0.79–1.82) 232 (147–346) 0.95 (0.6–1.42) −0.4 (−0.43–−0.36)

Central Asia 999 (659–1498) 2.7 (1.76–4.07) 969 (621–1452) 1.95 (1.26–2.91) −0.41 (−0.56–−0.26)

Central Europe 700 (440–1041) 1.2 (0.75–1.78) 468 (304–691) 0.97 (0.63–1.43) −0.11 (−0.28–0.06)

Central Latin America 2104 (1350–3147) 2.49 (1.59–3.68) 2233 (1429–3280) 1.63 (1.04–2.39) −1.1 (−1.22–−0.98)

Central Sub-Saharan Africa 1223 (802–1811) 4.94 (3.24–7.26) 1956 (1288–2862) 3.01 (1.98–4.42) −1.15 (−1.28–−1.01)

East Asia 19063 (12,373–28,637) 2.63 (1.7–3.93) 12,950 (8224–19,380) 1.89 (1.21–2.83) −0.2 (−0.49–0.1)

Eastern Europe 3289 (2108–4878) 3 (1.94–4.36) 2981 (1897–4508) 3.1 (1.98–4.59) 0.93 (0.58–1.28)

Eastern Sub-Saharan Africa 4274 (2796–6319) 4.95 (3.24–7.25) 6464 (4210–9467) 3.02 (1.99–4.4) −1.31 (−1.36–−1.25)

High-income Asia Pacific 518 (321–794) 0.6 (0.37–0.92) 358 (224–546) 0.49 (0.31–0.75) −0.24 (−0.29–−0.19)

High-income North America 1482 (905–2322) 0.96 (0.59–1.49) 1105 (716–1624) 0.65 (0.42–0.95) −0.93 (−1.09–−0.77)

North Africa and Middle East 3750 (2462–5555) 2.43 (1.58–3.59) 4061 (2609–6072) 1.24 (0.8–1.86) −1.26 (−1.36–−1.15)

Oceania 124 (80–187) 4.08 (2.66–6.12) 218 (141–326) 3.11 (2.01–4.61) −0.71 (−0.76–−0.66)

South Asia 19532 (12,860–28,878) 3.7 (2.42–5.42) 17,424 (11,290–25,982) 1.7 (1.1–2.54) −1.84 (−1.88–−1.8)

Southeast Asia 3683 (2358–5448) 1.51 (0.97–2.23) 3609 (2297–5343) 0.97 (0.62–1.44) −0.69 (−0.73–−0.65)

Southern Latin America 955 (601–1413) 3.8 (2.39–5.63) 985 (616–1468) 2.78 (1.74–4.14) −0.6 (−0.65–−0.55)

Southern Sub-Saharan Africa 348 (227–501) 1.26 (0.82–1.82) 352 (230–512) 0.79 (0.51–1.14) −0.79 (−0.85–−0.72)

Tropical Latin America 259 (167–376) 0.32 (0.21–0.46) 651 (415–1009) 0.53 (0.34–0.82) 0.74 (0.57–0.92)

Western Europe 2692 (1710–4073) 1.38 (0.88–2.07) 2813 (1810–4201) 1.5 (0.97–2.25) 0.32 (0.26–0.38)

Western Sub-Saharan Africa 4393 (2853–6482) 5.06 (3.33–7.4) 8224 (5379–12,035) 3.45 (2.24–5.03) −0.93 (−1–0.87)

Abbreviations: CI, confidence interval; EAPC, estimated annual percent change; EP, ectopic pregnancy; UI, uncertainty interval.

Table 3 Mortality of EP in 1990 and 2021 for Female and All Locations, with EAPC from 1990 and 2021

Location 1990 2021 EAPC % (95% CI) 
1990–2021

Cases (95% UI) Age-Standardized 
Mortality per 100,000 
Population (95% UI)

Cases (95% UI) Age-Standardized 
Mortality per 100,000 
Population (95% UI)

Global 4636 (4071–5242) 0.17 (0.15–0.19) 6442 (5368–7796) 0.16 (0.14–0.2) 0 (−0.01–0.01)

SDI

Low SDI 2352 (1969–2716) 1.08 (0.91–1.24) 4114 (3299–5074) 0.76 (0.61–0.93) −0.55 (−0.57–−0.52)

Low-middle SDI 1006 (866–1171) 0.18 (0.16–0.21) 1601 (1329–1935) 0.15 (0.13–0.19) −0.04 (−0.07–0)

Middle SDI 882 (761–1019) 0.1 (0.08–0.11) 631 (542–755) 0.05 (0.04–0.06) −0.12 (−0.14–−0.1)

High-middle SDI 294 (246–344) 0.05 (0.04–0.06) 66 (54–80) 0.01 (0.01–0.01) −0.12 (−0.13–−0.12)

High SDI 99 (85–113) 0.02 (0.02–0.02) 25 (21–30) 0.01 (0–0.01) −0.04 (−0.05–−0.04)

Region

Andean Latin America 8 (6–10) 0.04 (0.03–0.05) 43 (30–59) 0.12 (0.08–0.16) 0.27 (0.2–0.34)

Australasia 1 (1–2) 0.01 (0.01–0.01) 0 (0–0) 0 (0–0) −0.03 (−0.03–−0.02)

Caribbean 10 (8–13) 0.05 (0.04–0.07) 47 (32–69) 0.2 (0.13–0.28) 0.54 (0.45–0.64)

Central Asia 6 (5–7) 0.02 (0.01–0.02) 4 (3–4) 0.01 (0.01–0.01) −0.02 (−0.03–−0.02)

(Continued)
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Table 3 (Continued). 

Location 1990 2021 EAPC % (95% CI) 
1990–2021

Cases (95% UI) Age-Standardized 
Mortality per 100,000 
Population (95% UI)

Cases (95% UI) Age-Standardized 
Mortality per 100,000 
Population (95% UI)

Central Europe 12 (11–14) 0.02 (0.02–0.02) 1 (1–1) 0 (0–0) −0.05 (−0.05–−0.04)

Central Latin America 88 (77–99) 0.1 (0.09–0.11) 51 (42–62) 0.04 (0.03–0.04) −0.18 (−0.2–−0.16)

Central Sub-Saharan Africa 412 (301–540) 1.72 (1.26–2.25) 1296 (917–1789) 2.06 (1.45–2.86) 0.87 (0.67–1.07)

East Asia 241 (170–326) 0.03 (0.02–0.05) 84 (60–117) 0.01 (0.01–0.02) −0.06 (−0.07–−0.05)

Eastern Europe 126 (102–153) 0.11 (0.09–0.13) 5 (4–7) 0.01 (0–0.01) −0.31 (−0.34–−0.28)

Eastern Sub-Saharan Africa 1313 (1094–1551) 1.63 (1.36–1.92) 1832 (1505–2239) 0.88 (0.72–1.07) −1.21 (−1.29–−1.14)

High-income Asia Pacific 10 (8–12) 0.01 (0.01–0.01) 2 (1–2) 0 (0–0) −0.03 (−0.03–−0.02)

High-income North America 49 (39–60) 0.03 (0.03–0.04) 14 (11–18) 0.01 (0.01–0.01) −0.06 (−0.07–−0.05)

North Africa and Middle East 107 (86–130) 0.07 (0.06–0.08) 100 (72–134) 0.03 (0.02–0.04) −0.11 (−0.11–−0.1)

Oceania 5 (3–8) 0.17 (0.11–0.26) 11 (7–15) 0.15 (0.1–0.21) −0.05 (−0.06–−0.04)

South Asia 262 (224–305) 0.05 (0.04–0.06) 432 (344–532) 0.04 (0.03–0.05) −0.03 (−0.04–−0.02)

Southeast Asia 382 (313–455) 0.15 (0.13–0.19) 467 (371–596) 0.13 (0.1–0.16) −0.14 (−0.21–−0.06)

Southern Latin America 4 (3–5) 0.02 (0.01–0.02) 4 (3–5) 0.01 (0.01–0.01) −0.01 (−0.03–0)

Southern Sub-Saharan Africa 277 (209–367) 1.02 (0.77–1.34) 223 (162–308) 0.5 (0.36–0.69) −0.3 (−0.72–0.13)

Tropical Latin America 112 (95–135) 0.14 (0.12–0.16) 39 (32–47) 0.03 (0.03–0.04) −0.21 (−0.26–−0.15)

Western Europe 20 (17–22) 0.01 (0.01–0.01) 3 (3–4) 0 (0–0) −0.02 (−0.03–−0.02)

Western Sub-Saharan Africa 1188 (935–1449) 1.34 (1.07–1.63) 1783 (1367–2255) 0.73 (0.56–0.92) −1.01 (−1.09–−0.94)

Abbreviations: CI, confidence interval; EAPC, estimated annual percent change; EP, ectopic pregnancy; UI, uncertainty interval.

Table 4 DALYs of EP in 1990 and 2021 for Female and All Locations, with EAPC from 1990 and 2021

Location 1990 2021 EAPC % (95% CI) 
1990–2021

Cases (95% UI) Age-Standardized 
DALY per 100,000  

Population (95% UI)

Cases (95% UI) Age-Standardized 
DALY per 100,000 

Population (95% UI)

Global 288083 (252585 to 325017) 10.37 (9.1 to 11.72) 396,856 (332643 to 479325) 10.21 (8.56 to 12.34) 0.05 (−0.02–0.11)

SDI

Low SDI 142065 (119331 to 163877) 62.82 (52.9 to 72.41) 250,281 (201074 to 309829) 44.55 (36 to 55.03) −1.08 (−1.14–−1.03)

Low-middle SDI 63773 (54917 to 74019) 11.16 (9.62 to 12.95) 99,483 (82771 to 119906) 9.51 (7.92 to 11.45) −0.25 (−0.46–−0.04)

Middle SDI 56297 (48362 to 64329) 5.97 (5.12 to 6.83) 39,565 (34229 to 46747) 3.23 (2.79 to 3.82) −1.47 (−1.71–−1.23)

High-middle SDI 19137 (16141 to 22421) 3.28 (2.77 to 3.83) 5199 (4299 to 6310) 0.88 (0.73 to 1.07) −2.59 (−2.69–−2.49)

High SDI 6656 (5728 to 7649) 1.45 (1.25 to 1.67) 2054 (1708 to 2512) 0.43 (0.36 to 0.52) −1.51 (−1.64–−1.37)

Region

Andean Latin America 552 (451 to 677) 2.81 (2.29 to 3.43) 2670 (1879 to 3593) 7.46 (5.25 to 10.02) 2.75 (2.02–3.48)

Australasia 87 (69 to 108) 0.8 (0.63 to 0.99) 33 (24 to 42) 0.22 (0.17 to 0.29) −1.24 (−1.39–−1.08)

Caribbean 652 (520 to 828) 3.32 (2.65 to 4.23) 2912 (1992 to 4211) 12 (8.21 to 17.33) 4.36 (3.5–5.23)

Central Asia 495 (415 to 598) 1.33 (1.11 to 1.6) 325 (254 to 412) 0.66 (0.51 to 0.83) −0.83 (−0.99–−0.68)

Central Europe 815 (711 to 933) 1.34 (1.17 to 1.54) 107 (81 to 141) 0.23 (0.17 to 0.3) −1.74 (−2.03–−1.45)

Central Latin America 5690 (5037 to 6387) 6.34 (5.62 to 7.11) 3416 (2820 to 4082) 2.49 (2.05 to 2.97) −2.25 (−2.46–−2.04)

Central Sub-Saharan Africa 24708 (18134 to 32294) 99.6 (73.06 to 129.9) 76,665 (54544 to 104788) 118.34 (83.97 to 163.66) 1.27 (0.98–1.56)

East Asia 16859 (12248 to 22045) 2.37 (1.72 to 3.11) 6394 (4873 to 8460) 1 (0.76 to 1.32) −1.39 (−1.56–−1.22)

Eastern Europe 7835 (6384 to 9410) 6.74 (5.52 to 8.07) 633 (461 to 856) 0.67 (0.49 to 0.9) −5.2 (−5.45–−4.95)

Eastern Sub-Saharan Africa 78045 (65171 to 91759) 92.75 (77.67 to 109.76) 110,600 (90744 to 135149) 51.06 (42 to 62.24) −2.06 (−2.21–−1.92)

High-income Asia Pacific 654 (554 to 766) 0.74 (0.63 to 0.87) 141 (115 to 179) 0.2 (0.16 to 0.25) −1.15 (−1.26–−1.04)

High-income North America 3235 (2583 to 3923) 2.19 (1.75 to 2.68) 980 (789 to 1207) 0.59 (0.47 to 0.73) −1.91 (−2.17–−1.66)

North Africa and Middle East 6877 (5539 to 8297) 4.31 (3.46 to 5.21) 6468 (4787 to 8560) 2 (1.48 to 2.65) −1.66 (−1.73–−1.59)

Oceania 344 (214 to 512) 10.65 (6.58 to 15.87) 673 (476 to 913) 9.32 (6.61 to 12.62) −0.28 (−0.36–−0.21)

(Continued)
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An examination of the age-specific global impact of EP from 1990 to 2021 indicates shifts in patterns. Supplementary 
Figures S1 and S2 reveal that the peak incidence rates occurred within the 20–24 and 25–29 age brackets in 1990, 
aligning with the prime reproductive years. By 2021, a rise in incidence was noted across all age demographics, 
particularly among those aged 30–34 and 35–39. In 1990, the highest mortality rates occurred in those aged 30–34, 
whereas the greatest DALY rates were in the 25–29 age group. By contrast, in 2021, the highest rates of mortality and 
DALYs shifted to the 20–24 age group.

EP Burden by SDI Quintile
Figures S3 and S4, along with Tables 1–4, delineate the trends in incidence, prevalence, mortality, and DALYs of EP 
across SDI quintiles from 1990 to 2021. In 1990, the region with the lowest SDI recorded the highest rates of ASIR, 
ASPR, ASMR, and ASDR, at 605.11, 4.98, 1.08, and 62.82 per 100,000 respectively, with 95% UIs of 479.53–733.91, 
3.28–7.32, 0.91–1.24, and 52.9–72.41. By 2021, these figures had declined to 377.99, 3.11, 0.76, and 44.55 per 100,000, 
with 95% UIs from 297.61–467.84, 2.03–4.54, 0.61–0.93, and 36–55.03, reflecting substantial reductions in disease 
burden. Notably, the low-middle SDI region exhibited the most marked decline in ASIR and ASPR, with EAPCs of 
−2.19% (95% UI: −2.23 to −2.15) and −1.56% (95% UI: −1.59 to −1.52). The High-middle SDI region showed the 
sharpest decrease in ASDR, with an EAPC of −2.59% (95% CI: −2.69 to −2.49).

EP Burden in 21 GBD Regions
As depicted in Figures S5 to S8 and Tables 1–4, South Asia reported the highest EP incidence in 2021, with 2,118,489 
cases (95% UI: 1,614,271–2,712,644). Tropical Latin America saw a rapid increase in ASIR, with an EAPC of 2.47 
(95% CI: 1.89 to 3.05). Western Sub-Saharan Africa recorded the highest ASIR and ASPR at 419.8 and 3.45 (95% UIs: 
329.87 to 513.53 and 2.24 to 5.03), respectively. Eastern Sub-Saharan Africa noted the highest number of EP-related 
fatalities, totaling 1,832 cases (95% UI: 1,505 to 2,239). Central Sub-Saharan Africa registered the highest ASDR at 
118.34 (95% UI: 83.97 to 163.66). Meanwhile, the Caribbean reported the fastest increases in ASDR, with an EAPC of 
4.36 (95% CIs: 3.5 to 5.23).

EP Burden by Country or Territory
In 2021, China reported the highest number of EP incidence cases at 1,525,864 (95% UI: 1,181,694–1,970,718; Table S1) and 
prevalence cases at 12,556 (95% UI: 7,972–18,792; Table S2). Niger recorded the highest ASIR at 641.3 and ASPR at 5.27 
(95% UIs: 498.92–794.53 and 3.46–7.68; Tables S1 and S2). The Democratic Republic of the Congo had the most death cases 
at 930 (95% UI: 628–1,302; Table S3) and the highest number of DALYs at 54,754 (95% UI: 36,924–75,220; Table S4), along 
with the highest ASMR at 2.3 and ASDR at 130.8 (95% UIs: 1.55–3.26 and 88.52–184.47; Tables S3 and S4). Meanwhile, 
Poland exhibited the lowest ASDR at 0.09 (95% UI: 0.06–0.11; Table S4), and Dominica showed the highest EAPC at 6.72 
(95% UI: 5.57–7.88; Table S4), indicating the fastest increase in EP ASDR.

Table 4 (Continued). 

Location 1990 2021 EAPC % (95% CI) 
1990–2021

Cases (95% UI) Age-Standardized 
DALY per 100,000  

Population (95% UI)

Cases (95% UI) Age-Standardized 
DALY per 100,000 

Population (95% UI)

South Asia 18216 (15490 to 21313) 3.4 (2.89 to 3.97) 28,921 (23430 to 35258) 2.81 (2.28 to 3.42) −0.54 (−0.7–−0.37)

Southeast Asia 23606 (19419 to 28068) 9.36 (7.69 to 11.12) 28,020 (22385 to 35569) 7.61 (6.1 to 9.66) −0.88 (−1.33–−0.44)

Southern Latin America 354 (279 to 438) 1.4 (1.1 to 1.73) 357 (277 to 445) 1.02 (0.8 to 1.28) −0.46 (−0.8–−0.13)

Southern Sub-Saharan Africa 16958 (12784 to 22459) 60.92 (46.22 to 80.58) 13,652 (9898 to 18806) 30.57 (22.19 to 42.18) −0.55 (−1.65–0.55)

Tropical Latin America 6860 (5823 to 8265) 8.2 (6.97 to 9.85) 2434 (1990 to 2906) 2.05 (1.67 to 2.44) −2.64 (−3.17–−2.11)

Western Europe 1480 (1280 to 1711) 0.76 (0.66 to 0.88) 522 (376 to 722) 0.28 (0.2 to 0.39) −0.93 (−0.98–−0.88)

Western Sub-Saharan Africa 73761 (58059 to 90103) 80.25 (63.62 to 97.52) 110,933 (85455 to 140320) 43.84 (33.74 to 55.49) −1.97 (−2.1–−1.85)

Abbreviations: CI, confidence interval; DALYs, disability-adjusted life years; EAPC, estimated annual percent change; EP, ectopic pregnancy; UI, uncertainty interval.
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Decomposition Analysis of DALYs
Over the past three decades, the global landscape has witnessed a marked increase in DALYs, particularly within regions 
characterized by a low to middle SDI quintile (Figure 2). This rise has been largely shaped by demographic shifts and 
epidemiological changes in relation to EP. Specifically, population growth and epidemiological shifts contributed 62.73% 
and 50.75%, respectively, to the global increase in DALYs. Within the five SDI quintiles, both ageing and population 
growth had substantial effects on DALYs, with ageing’s adverse impact being most marked in the high-middle SDI 
regions at −374.72%. In contrast, population growth had a positive effect, with DALYs increasing significantly by 
183.74% in these regions. Epidemiological changes also produced a marked beneficial impact, particularly in higher SDI 
quintiles, contributing 115.39%. The impact of these factors on DALYs varied across regions (Table S5).

Frontier Analysis of ASDR
The term “frontier” refers to countries or regions achieving superior health outcomes, manifesting the minimal disease 
burdens proportionate to their SDI levels. The concept of the “effective difference” is delineated as the deviation from 
this frontier, representing the discrepancy between the actual observed disease burden and the feasible minimal burden 
given a country’s or region’s SDI. A substantial effective difference from the frontier indicates unrealized health benefits 
or opportunities for improvement in reducing the ASDR for EP.

Using 2021 data on ASDR and SDI, the effective difference for each country and region relative to the frontier was 
calculated. The five countries or regions with the most significant effective differences (range of effective difference: 
129.5–103.51, Table S6) included the Democratic Republic of the Congo, The Gambia, Chad, Eritrea, and Angola. 
Figure 3 describes that ASDR generally decreases as SDI levels rise, and from 1990 to 2021, the overarching trend 
indicates a decline in ASDR over time. The solid black line denotes the frontier, while the dots represent the countries 
and regions. Blue dots signify an upward trend in ASDR, and red dots depict a downward trend.

Health Inequality Analysis
In 1990 and 2021, the SII per 100,000 population for DALYs were −56.68 (95% CI: −63.44 to −49.93) and −36.56 (95% 
CI: −41.84 to −31.28) respectively, as shown in Figure 4 and Table S7. This decrease reflects a reduction in the 

Figure 2 Trends in EP’s DALYs from 1990 to 2021 reflect population growth, ageing, and epidemiological shifts globally and across SDI quintiles. The overall impact of these 
factors is depicted by a black dot. Positive values indicate an increase in EP DALYs due to each factor, while negative values suggest a decrease.
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Figure 3 (A) Display the trends in EP’s ASDR from 1990 to 2021. (B) Conducts a frontier analysis based on SDI and ASDR in 2021. The frontier is depicted in solid black, 
with countries and territories represented by dots. The top 15 countries with the most substantial effective difference are labeled in black. Examples of frontier countries 
with low SDI (< 0.5) and minimal effective difference appear in blue (eg, Somalia, Timor-Leste, Bangladesh, Nepal, and Bhutan), while those with high SDI (> 0.85) and 
a relatively high effective difference are shown in red (eg, Sweden, Denmark, Lithuania, Monaco, and Ireland). Red dots denote a reduction in ASDR from 1990 to 2021, 
whereas blue dots indicate an increase.
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socioeconomic gradient of the burden of EP, which was statistically significant (p = 1.58e−17), pointing to a narrowing 
disparity in health outcomes between high-income and low-income countries. Meanwhile, the Concentration Index for 
DALYs, indicating the distribution of EP-related DALYs across socioeconomic strata, exhibited minimal change, rising 
slightly from 0.6 in 1990 to 0.66 in 2021. Hence, while some regional disparities have lessened, the global inequality in 
the burden of EP continues to be a prevalent issue.

Discussion
This study systematically evaluated the incidence, prevalence, mortality, and DALYs associated with EP on a global and 
regional level, covering the period from 1990 to 2021, using the GBD 2021 dataset. The findings reveal a pattern of 
global disparities in EP, highlighted by significant regional variations and evolving trends over time. Notably, while the 
global ASIR and ASPR of EP show a decreasing trajectory, variations in ASMR and ASDR are less pronounced; 
however, absolute numbers of deaths and disability-adjusted life years both increased.

The decline observed in the ASIR and ASPR corresponds to improvements in access to healthcare and contraception, 
both recognized barriers to unintended pregnancy risk, followed by EP.35,36 This trend underlines the critical role of 
family planning and reproductive health services in reducing the incidence of EP. Nevertheless, the stability of the ASDR 
and the increase in the number of DALYs underscore the ongoing necessity for substantial improvements in maternal 
health outcomes, particularly in areas where the burden of EP remains high. Furthermore, our study indicates that trends 
in mortality and disability-adjusted life-years rates are highly similar over time. This similarity might be explained by the 
fact that in EP, DALYs primarily reflect fatal outcomes, this result is similar to previous studies.15 A myriad of elements 
drives the sustained increase in EP’s disease burden, particularly in rural and economically disadvantaged areas. These 
factors include an inequitable distribution of medical resources, often resulting in inadequate health services and 
expertise. This disparity results in significant delays in diagnosing and treating EP.37 Moreover, insufficient awareness 
among women regarding EP risks and symptoms, coupled with some healthcare providers’ lack of familiarity with 
specific EP types—such as cesarean scar pregnancy—exacerbates the issue, increasing the likelihood of delayed care and 
complications.38 Additionally, many women affected by EP may also suffer from chronic conditions or comorbidities, 
such as pelvic inflammatory disease and endometriosis, which can complicate their overall health and impact their 
prognosis.39 Furthermore, despite increasing contraceptive use, some women hesitate to use contraceptives during high- 
risk sexual activity due to concerns about side effects. However, although emergency contraceptives do not increase the 
incidence of EP beyond that observed in the general population, they are effective in reducing the risk of pregnancy, 
thereby decreasing the likelihood of EP following unprotected intercourse.35,36 Thus, despite a seeming decline in the 

Figure 4 Relationship Between Crude DALY Rate and Relative SDI Rank in 1990 and 2021. (A) The relationship between crude DALYs rate for EP and countries’ relative 
SDI rank in 1990 (blue) and 2021 (red). Each point represents a country, with size indicating population size. The regression lines show a downward trend, suggesting that 
countries with higher SDI rankings have slightly lower crude DALY rates. (B) Changes in the Concentration Index for EP DALYs Burden from 1990 to 2021. Panel B displays 
the cumulative distribution of DALYs for EP against the cumulative fraction of the population ranked by SDI for 1990 and 2021. The concentration curve moves closer to the 
equality line over time, indicating a decrease in inequality. The Concentration Index increases from 0.6 in 1990 to 0.66 in 2021, showing a growing disparity in EP burden 
across SDI ranks. (C) Temporal Trend of SII from 1990 to 2021. Panel C shows the annual trend of the SII, with black dots representing observed values each year, and a solid 
blue line showing the fitted regression. The shaded area around the regression line indicates the 95% CI, with the SII showing an upward trajectory over the years, reflecting 
changes in health inequality over time.
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incidence and prevalence of EP, these underlying factors may be responsible for the lack of significant improvement in 
ASMR and ASDR.

The variations in the burden of EP across different SDI quintiles and GBD regions underscore the significant 
influence of socio-economic factors on health outcomes. The notable reduction in EP rates within low SDI regions 
may be attributed to global health initiatives that focus on maternal and reproductive health in less affluent nations.40 

Decomposition analysis showed that population ageing contributed to the increase of DALYs caused by EP in low SDI 
areas. This seemingly counterintuitive observation can be explained by the intersecting dynamics of fertility patterns and 
healthcare access disparities. In many low-SDI settings, high fertility rates mean that women continue childbearing into 
their later reproductive years. Consequently, an expanding cohort of older reproductive-age women—who inherently face 
a higher biological risk of EP—are exposed to pregnancy within healthcare systems that lack the capacity for early 
diagnosis and management.41 Unlike in high-SDI regions where advanced maternal age is often accompanied by 
enhanced medical surveillance, the increased risks of ageing here are compounded by persistently limited access to high- 
quality emergency obstetric care, diagnostic ultrasonography, and methotrexate.42 This synergy between undiminished 
risk and system-level barriers transforms demographic ageing into a driver of EP-related disability and death, as reflected 
in the rising DALYs. In contrast, the rising EP rates in areas like Tropical Latin America suggest that local factors such as 
healthcare infrastructure and cultural practices play a role in shaping these trends.43 This situation underscores the need 
for interventions tailored to align with both global health strategies and the specific contextual factors influencing EP 
rates in various regions.

Shifts in the age-specific burdens of EP from 1990 to 2021 highlight a transition towards higher incidence and 
prevalence rate in older demographics, whereas younger cohorts exhibit variations in mortality and DALY rates. This 
shift mirrors the evolving patterns of age-related health challenges and the effects of delayed childbearing tied to socio- 
economic advances. As women increasingly prioritize education and careers, they often delay childbearing, resulting in 
higher maternal age at conception, which is associated with increased EP risks.44–46 Although advanced fertility 
techniques offer conception opportunities to older women, they also bring heightened risks, especially those associated 
with physiological changes making older women more susceptible to complications.47–49 Moreover, chronic conditions 
such as hypertension and obesity, more common in older demographics, may adversely affect pregnancy outcomes or 
heighten EP risks.50–53 A case-control study indicated that prolonged use of intrauterine devices (IUDs) elevates the risk 
of EP, a phenomenon possibly linked to increased rates of clinical or subclinical tubal or pelvic infections (eg, due to 
organisms like chlamydia or actinomyces Israeli) among IUD users, thereby heightening EP risk.54 Although modern 
contraceptive methods have significantly curtailed unwanted pregnancies, their misuse or failure might still lead to higher 
EP incidence among older women. Further, evidence suggests an inverse relationship between the Human Development 
Index and fertility rates, proposing that prolonged educational pursuits among women might defer childbearing, thus 
delaying the emergence of EP and heightening its incidence at older reproductive ages.46 This evolving trend necessitates 
targeted healthcare interventions to mitigate the specific risks confronting older pregnant women.

A particularly critical finding that warrants separate emphasis is that by 2021, the highest mortality and disability- 
adjusted life year rates will shift to the 20–24 age group. Given the overall trend of rising EP incidence among older 
women, this pattern appears counterintuitive. It is hypothesized that this alarming shift reflects a fundamental disparity in 
healthcare access intersecting with biological vulnerability. Younger women in high-fertility, low-resource settings often 
enter their first pregnancies with limited health education and may harbor untreated asymptomatic sexually transmitted 
infections that cause subclinical tubal damage.55 When combined with the most severe barriers to healthcare access— 
including delays in seeking care due to limited autonomy, financial constraints, and geographic isolation—this creates 
a perfect storm where initial pregnancies in young adulthood face the highest risk of progressing to catastrophic 
outcomes. While advanced maternal age increases the risk of EP occurrence, it currently appears that the convergence 
of biological risks and severe systemic failures in early adulthood among the most vulnerable populations is the primary 
driver of EP-related mortality and disability.56–58

Beyond the immediate morbidity and mortality captured in this analysis, our findings on the sustained DALY burden 
prompt consideration of the long-term reproductive consequences of EP, which are not fully reflected in current burden 
metrics. A recent meta-analysis provides compelling evidence that EP history is significantly associated with adverse 
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outcomes in subsequent pregnancies, including an elevated risk of recurrent ectopic pregnancy, preterm birth, placental 
abruption, and low birth weight.2 This underscores that women who survive an EP often face substantial reproductive 
challenges, including infertility and the risk of further pregnancy complications. Therefore, while the global DALY 
burden presented in this paper is substantial, it may underestimate the true lifelong impact of EP on women’s health and 
well-being, as it fails to fully capture these long-term sequelae that extend far beyond the acute event.

In this study, the SII decreased from −56.68 in 1990 (95% CI: −63.44 to −49.93) to −36.56 in 2021 (95% CI: −41.84 
to −31.28), suggesting a reduction in health inequalities. However, frontier analysis reveals significant disparities persist 
in African countries, including the Democratic Republic of the Congo, Gambia, Chad, Eritrea, and Angola, which 
continue to face substantial health service gaps compared to border regions. This disparity largely stems from inadequate 
health infrastructure in these areas, marked by insufficient medical facilities and a shortage of healthcare professionals, 
which limits access to timely and effective treatment.59 Furthermore, poor reproductive health education and limited 
awareness of contraception and pregnancy risks among women exacerbate the incidence of unwanted pregnancies and, 
consequently, ectopic pregnancies.44,45,60 Economic and social challenges, such as low-income levels and high poverty 
rates, further impede access to health services, especially in rural areas where many families cannot afford necessary 
care. Cultural attitudes also impact women’s reproductive decisions, often delaying medical intervention for complica
tions such as EP.45 Additionally, inadequate transportation and infrastructure deficits hinder timely access to healthcare 
facilities in emergencies, increasing health risks.61–63 Previous investigations have highlighted several risk factors for 
ectopic pregnancy, particularly emphasizing reproductive infections caused by mycoplasma and Chlamydia trachomatis, 
pelvic inflammatory disease, as well as the use of assisted reproductive technologies and IUDs.64,65

Nonetheless, GBD 2019 data underscore that iron deficiency is an emerging prominent risk factor for EP, accounting 
for over 20% of EP-related mortality and disability-adjusted life years in sub-Saharan Africa. Although the underlying 
biological pathways remain incompletely elucidated, several plausible hypotheses have been proposed. Iron is crucial for 
oxygen transport, cellular repair, and optimal immune function. Deficiency could therefore impair the integrity and 
ciliary function of the fallopian tube epithelium, disrupting embryo transport,66 or increase susceptibility to pelvic 
infections—a well-established risk factor for EP—through immune dysregulation.67 Alternatively, this association may 
be confounded by underlying chronic inflammation,68 which can both contribute to functional iron deficiency and 
independently increase EP risk. Interestingly, in regions designated as high SDI, both iron-deficiency-attributed deaths 
and disability-adjusted life years exceeded 10%, suggesting new avenues for EP investigation. Other studies indicate that 
while EP patients often exhibit elevated serum zinc levels, their serum copper levels are reduced, suggesting the copper/ 
zinc ratio may serve as a novel diagnostic marker for EP.15 Thus, additional foundational research is essential to ascertain 
whether iron deficiency is a direct contributor to EP or if other mineral deficiencies may also be implicated in its 
causation.

This study notably advances the understanding of EP by offering a comprehensive update on its incidence, 
prevalence, mortality, and DALYs from 1990 to 2021, thereby providing a global perspective on EP’s burden. By 
examining disparities across various SDI and age categories, current work elucidates factors influencing EP, providing 
new perspectives and avenues for subsequent investigations. As the most recent global epidemiological study on EP, this 
research is crucial for developing management strategies.

Despite its strengths, this study has limitations. First, the accuracy of GBD estimates depends on data quality, which 
varies across regions and may lead to an underestimation of EP burden, particularly in low- and middle-SDI areas. 
Second, evolving diagnostic techniques over time may introduce inconsistencies, affecting data comparability. Third, as 
the GBD does not specify EP by anatomical location, risks associated with different ectopic sites, such as ampulla versus 
interstitial, remain unclear. This limitation has significant implications. For instance, interstitial pregnancy is associated 
with higher risks of rupture and life-threatening hemorrhage in early pregnancy compared to ampullary pregnancy.69 The 
inability to distinguish between these subtypes in our analysis means that the variation in their respective disease 
burdens, management strategies, and clinical outcomes across different regions and SDI levels could not be investigated. 
Consequently, our global estimates represent an average that may mask important epidemiological heterogeneity and 
clinical severity specific to high-risk implantation sites. Fourth, as with all GBD studies, our analysis is constrained by 
the available data within the framework. The GBD estimates focus on the acute incident of EP and do not capture long- 
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term sequelae, such as subsequent infertility, psychological morbidity, or the detailed outcomes of future pregnancies.2 

A key aspect of this limitation is the lack of granular data on initial treatment modalities (eg, salpingectomy vs 
salpingostomy vs medical management), which are known to significantly influence subsequent fertility outcomes and 
recurrence risk. The recent literature has aptly highlighted the absence of this longitudinal and management-specific data 
as a critical evidence gap in understanding the complete burden of EP.2 Future research should incorporate more localized 
analyses, with improved data sources and collaboration to address these limitations accurately.

This research enhances our comprehension of the worldwide impact of ectopic pregnancy and may guide focused 
strategies to decrease its occurrence and enhance maternal health results. Local drivers of EP trends in specific regions 
need to be explored in future studies, while culturally sensitive and contextually appropriate interventions must be 
developed. Second, there is the need to develop mechanisms for data collection and surveillance systems to further 
improve the accuracy and reliability of worldwide estimates of the burden of EP. There is also a performance need for 
long-term health outcomes studies in women who have had EP with respect to impact on future fertility and their mental 
health. Furthermore, the world’s ageing population, coupled with changing reproductive practices, necessitates research 
into how these trends influence EP rates and the development of appropriate strategies to mitigate identified risks.

In summary, while there has been a decrease in the global burden associated with EP, the rising absolute number of 
DALYs and persistent, stark inequalities demand urgent and targeted action. These findings reinforce the message of 
continued investment in reproductive health services. To effectively reduce the burden and address the hidden long-term 
consequences, we recommend the implementation of equity-focused interventions. These include: (1) strengthening 
targeted reproductive health education to prevent pelvic inflammatory disease and mitigate risk factors; (2) enhancing 
early detection programs through improved access to ultrasound and β-hCG monitoring in primary care settings, 
particularly in rural and low-income areas; and (3) establishing structured post-EP fertility counseling and follow-up 
care to support women’s future reproductive goals and manage the risk of recurrence and subsequent complications. 
These strategies are especially critical in high-burden regions such as sub-Saharan Africa and South Asia, where the 
convergence of high disease burden and weak health systems creates the greatest need and potential for impact.

Conclusion
This study reveals a critical divergence in the global burden of ectopic pregnancy (1990–2021): while incidence rates 
have declined, deaths and DALYs have risen, with the heaviest burden shifting to the 20–24 age group in low-SDI 
regions. These findings underscore a dual challenge: reducing immediate incidence while mitigating long-term repro
ductive sequelae, necessitating a shift from emergency care alone to integrated, long-term fertility preservation strategies. 
To address persistent disparities, we recommend equity-focused interventions including targeted reproductive health 
education, enhanced early detection, and post-EP fertility counseling, particularly in sub-Saharan Africa and South Asia. 
Future research must bridge current evidence gaps by initiating cohort-based, region-specific follow-up studies that 
integrate registry data to link population estimates with patient-centered outcomes. These coordinated clinical and 
research efforts are indispensable for developing targeted interventions to lower the global EP burden and safeguard 
women’s reproductive futures.
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