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Background: Abortion is considered a major public health issue, especially in low- and middle-income 

countries. There is a lack of recent global trend analyses stratified by Sociodemographic Index (SDI) 

that comprehensively assess maternal mortality, incidence, and disability-adjusted life years. 

Objectives: This study examines global disparities in maternal mortality, incidence, and disability-

adjusted life years (DALYs) related to abortion and miscarriage. 

Methods: This secondary data analysis utilized the Global Burden of Disease (GBD) 2021 dataset to 

extract maternal mortality ratios (MMRs), incidence rates, and disability‑adjusted life years (DALYs) 

related to abortion and miscarriage from 1990 to 2021, all reported with 95% uncertainty intervals (UIs). 

Analyses were conducted using age‑standardized rates and among women aged 15–49 years, stratified 

by Socio‑Demographic Index (SDI) categories. Temporal trends in age‑standardized rates were assessed 

using Joinpoint Regression Software (version 4.8.0.1).  

Results: Over the 31‑year period, Joinpoint trend analysis showed a significant global decline in all 

indicators. DALY rates decreased from 104.39 to 25.73, maternal mortality ratios declined from 36.07 

to 12.92, and incidence rates decreased from 1603.84 to 1001.64 per 100,000 population. High‑ and 

high‑middle‑SDI countries experienced the steepest and most significant declines, whereas low‑SDI 

countries showed the smallest reductions and continued to bear the highest burden in 2021.  

Conclusion: Maternal mortality, incidence, and DALY rates related to abortion and miscarriage have 

substantially declined worldwide. While high and high-middle SDI countries experienced the steepest 

declines, substantial inequalities persist, with low-SDI countries continuing to bear a disproportionately 

high burden in 2021. These persistent disparities highlight the need for continued action. 

 

Implications for Nursing and Midwifery Preventive Care  

 Expand access to safe abortion and post‑miscarriage care 

 Strengthen evidence‑based maternal health services 

 Address social determinants through education, equity‑focused outreach, and community‑based 

prevention 

 Use standardized indicators for continuous monitoring and policy‑informed resource allocation. 
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Introduction 

Maternal mortality remains a major global public 

health concern.The WHO defines maternal mortality 

as the death of a woman during pregnancy, 

childbirth, or within 42 days of the termination of 

pregnancy due to pregnancy-related causes [1]. 

Annually, many women die from preventable 

pregnancy-related causes, predominantly in low-

income countries [2]. Among the significant factors 

contributing to maternal deaths, abortion and 

miscarriage are particularly critical, accounting for 

approximately 13% of maternal deaths annually in 

low- and middle-income countries (LMICs), where 

unsafe abortion remains a leading yet preventable 

cause [3, 4]. In a regional study conducted in Iran 

(2017), the prevalence of unplanned pregnancy was 

reported to be about 36%, and unwanted pregnancy 

accounted for approximately 5% [5]. A comparison 

of global trends indicates that between 1990-1994 

and 2015-2019, the global rate of unintended 

pregnancies has declined, while the percentage of 

these pregnancies ending in abortion has increased 

[6]. Unsafe abortion is typically performed under 

non-medical conditions and can lead to severe 

complications like hemorrhage, infection, uterine 

rupture, and organ failure. Miscarriage, often caused 

by fetal abnormalities, maternal health issues, or 

environmental factors, typically requires medical 

management and psychological support to avoid 

further complications [7, 8]. The global burden of 

complications resulting from unsafe abortion is 

significant yet challenging to quantify. A systematic 

review analyzing hospital-based studies assessed the 

prevalence and types of abortion-related 

complications in settings where abortion is generally 

unsafe. The review included 43 studies. The 

proportion of women treated for severe 

complications ranged from 1.6% for renal failure to 

7.2% for severe trauma [9]. Healthcare systems in 

many LMICs face substantial challenges in 

managing the complications arising from unsafe 

abortions and miscarriages. These complications 

often necessitate emergency obstetric care, blood 

transfusions, and surgical interventions [10].  

The Global Burden of Disease (GBD) framework 

highlights abortion and miscarriage as major 

contributors to maternal morbidity and mortality, 

particularly through their impact on disability-

adjusted life year (DALYs) [11]. These effects 

extend beyond physical complications to include 

psychological disorders such as depression, anxiety, 

and post-traumatic stress disorder (PTSD), 

significantly diminishing women's quality of life [11, 

12]. Additionally, the economic burden extends 

beyond healthcare costs to include productivity loss 

and increased caregiving responsibilities [13, 14]. 

Regional disparities in DALY rates reflect the 

intersection of socio-economic factors and 

healthcare accessibility. For example, in 2019, 

Afghanistan had the highest prevalence and 

incidence of spontaneous abortion, while Yemen 

reported the highest abortion-related mortality and 

DALY rates. Notably, between 1990 and 2019, the 

North Africa and Middle East (NAME) region 

experienced a 56% decline in average prevalence 

and incidence rates and an 89% reduction in 

abortion-related mortality and DALYs. 

Additionally, iron deficiency was identified as a 

significant contributing factor to the burden of 

spontaneous abortion, with Yemen showing the 

highest attributable burden (29%) [15]. Over the past 

decades, various strategies have significantly 

reduced maternal mortality. However, challenges 

such as healthcare inequities, political instability, 

and global crises like COVID-19 may impact the 

progress towards achieving the Sustainable 

Development Goal (SDG) target of reducing MMR 

to less than 70 per 100,000 live births by 2030, 

particularly in low-income countries [16, 17]. 

Despite the substantial global burden of abortion- 

and miscarriage-related maternal outcomes, 

evidence on age-disaggregated and SDI-stratified 

trends remains limited. This study addresses this gap 

by examining maternal mortality and DALYs among 

women aged 15–49 years, in line with the WHO 

definition of reproductive age. The findings are 

particularly relevant for low-SDI and low- and 

middle-income settings, where nurses and midwives 

play a key role in prevention, early detection, and 

clinical management. By highlighting age-specific 

and socioeconomic disparities, this study informs 

targeted preventive strategies, improved referral 
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pathways, and capacity building efforts to strengthen 

maternal health care.   

 

Objectives 

This study aims to analyze maternal mortality and 

DALY rates related to abortion and miscarriage 

using GBD 2021 data, focusing on both age-

standardized rates and females aged 15-49, and 

examining differences across Socio-Demographic 

Index (SDI) levels. 

 

Methods 

 

GBD Data Set 

This secondary data analysis utilized the GBD 2021 

dataset to obtain maternal mortality ratios (MMRs), 

incidence rates, and disability‑adjusted life year 

(DALY) estimates related to abortion and 

miscarriage. This data is collected for more than 200 

countries and territories, categorized by sex and age 

group, from 1990 to 2021. In this study, we extracted 

age-standardized Incidence, MMR and DALY rates 

associated with maternal abortion and miscarriage 

from the GBD 2021 dataset. 

 The analysis was conducted for both age-

standardized rates and the 15-49-year-old female 

population, further stratified by Socio-Demographic 

Index (SDI) categories to examine disparities across 

different socio-economic contexts. More detailed 

information about the GBD 2021 study and the 

standardization methods can be found in previous 

literature. 

To analyze the trend of incidence, MMR and DALY 

rates related to maternal abortion and miscarriage, 

we reported the mean values globally, as well as 

across different SDI levels and age categories. 

Additionally, to identify changing trends in 

incidence, MMR and DALY rates over the study 

period, joinpoint regression analysis was employed. 

Joinpoint regression was used to examine changes in 

trends over time. In simple terms, this method 

identifies years in which the direction or magnitude 

of a trend significantly changes. Instead of assuming 

a single constant trend across the entire study period, 

joinpoint analysis allows the trend to be divided into 

several segments, each with its own rate of increase 

or decrease. 

This method involves fitting a segmented linear 

regression model to the observed data, which detects 

points in time (joinpoints) where significant shifts in 

the trend occur. The general model can be described 

as follows: 

𝑦𝑖 =  𝐵0 + 𝐵1𝑡𝑖 + ∑ 𝛾𝑘(𝑡𝑖 − 𝜏𝑘)+𝐾
𝑘=1 + 𝜀𝑖,  i = 1, 

2,…, n 

where  𝑡𝑖 represents the calendar year (1990, 1991, 

…, 2021), and 𝑦𝑖  indicates the observed incidence, 

MMR and DALY rates. The parameter 𝜏𝑘 denotes 

the joinpoints or points of trend change, K is the 

number of joinpoints, 𝐵0 and  𝐵1 are regression 

coefficients, 𝛾𝑘  quantifies the change in slope after 

each joinpoint, and 𝜀𝑖 represents the random error 

term. The term (𝑡𝑖 − 𝜏𝑘)+ equals 𝑡𝑖 − 𝜏𝑘  if  𝑡𝑖>𝜏𝑘 , 

and otherwise is zero. Using this approach, the 

Annual Percent Change (APC) between joinpoints 

was calculated through a log-linear transformation of 

the model as follows: 

𝐴𝑃𝐶 = 100 × [exp(𝛽1 + ∑ 𝛾𝑗
𝑘
𝑗=1 ) − 1]- 

Moreover, the Average Annual Percent Change 

(AAPC) was derived as a weighted average of the 

APC values, with the segment lengths serving as 

weights. The statistical significance of APC and 

AAPC estimates was evaluated using 95% 

confidence intervals. Join point regression analysis 

was conducted using Joinpoint Regression Software 

version 4.8.0.1 

 

Result 

This secondary analysis of publicly available GBD 

data presents global and SDI-stratified trends in the 

incidence, MMR, and DALY burden due to maternal 

abortion and miscarriage from 1990 to 2021. All 

rates are age-standardized unless otherwise noted, 

and uncertainty is expressed as 95% uncertainty 

intervals (UI). Descriptive statistics for DALY, 

MMR, and incidence rates at selected time points are 

shown in Table 1, and their overall temporal patterns 

are illustrated in Figure 1. Globally, all three 

indicators declined between 1990 and 2021. The 

DALY rate decreased from 104.39 to 25.73 per 

100 000, the MMR from 36.07 to 12.92 per 100 000, 
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and the incidence rate from 1603.84 to 1001.64 per 

100 000. The magnitude of decline varied 

substantially across SDI groups. In 2021, the DALY 

and MMR rates in low-SDI countries were more than 

100-fold higher than those in high-SDI countries 

(DALY: 113.27 vs. 0.75 per 100 000; MMR: 28.49 

vs. 0.25 per 100 000). Incidence rates also remained 

disproportionately high in low-SDI regions (1715.09 

per 100 000 in 2021). 

 

Table 1. Descriptive statistics for age-standardized and age-specific (15-49 years) DALY, maternal mortality and 

incidence rates per 100,000 from 1990 to 2021 by SDI level. 

Age-standardized rate 

SDI Index 1990 1995 2000 2005 2010 2015 2021 

High-middle SDI DALY 12.61 8.87 6.44 4.31 3.25 2.56 1.84 

Maternal Mortality  6.12 5.29 4.24 2.78 2.01 1.26 0.96 

Incidence 1298.39 1048.17 981.02 896.94 820.31 820.78 813.11 

High SDI DALY 2.72 2.01 1.64 1.29 1.06 0.90 0.75 

Maternal Mortality 1.07 0.76 0.57 0.48 0.39 0.32 0.25 

Incidence 1062.39 961.40 925.78 675.08 573.35 520.96 492.05 

Low-middle  DALY 219.95 169.06 122.69 83.99 60.80 41.43 28.48 

Maternal Mortality 53.37 44.33 35.50 26.27 20.29 15.34 12.36 

Incidence 1921.72 1767.93 1602.27 1480.17 1346.20 1190.43 1008.85 

Low DALY 537.08 461.82 388.94 297.12 221.62 165.93 113.27 

Maternal Mortality 91.19 79.27 69.37 55.49 44.31 36.62 28.49 

Incidence 2489.63 2425.75 2304.22 2302.39 2157.90 1958.52 1715.09 

Middle DALY 41.15 31.78 24.74 17.65 12.86 9.24 7.25 

Maternal Mortality 14.61 13.35 12.06 9.07 6.81 4.62 4.35 

 1608.64 1386.23 1251.76 1160.61 1108.38 1076.41 908.14 

Global DALY 104.39 86.89 71.88 54.97 42.82 33.44 25.73 

Maternal Mortality 36.07 33.19 29.67 23.56 18.89 14.87 12.92 

Incidence 1603.84 1436.34 1340.63 1248.95 1176.02 1117.33 1001.64 

Women aged 15-49 years 

High-middle SDI DALY 26.05 18.01 12.77 8.42 6.34 4.87 3.45 

Maternal Mortality 6.07 5.25 4.21 2.74 1.98 1.24 0.95 

Incidence 2797.55 2141.46 1902.21 1712.13 1591.36 1565.98 1502.09 

High SDI DALY 5.35 3.84 3.10 2.42 2.02 1.74 1.48 

Maternal Mortality 1.05 0.75 0.55 0.47 0.38 0.31 0.25 

Incidence 2113.31 1835.27 1727.58 1250.11 1080.22 1005.53 961.68 

Low-middle  DALY 431.57 333.08 243.38 167.30 121.16 82.12 56.95 

Maternal Mortality 52.56 43.66 35.00 25.85 19.96 15.04 12.42 

Incidence 4296.24 3930.38 3536.32 3249.41 2929.35 2551.40 2121.14 

Low DALY 1036.53 888.99 749.17 574.03 428.18 318.99 218.64 

Maternal Mortality 89.92 78.20 68.52 54.75 43.69 36.09 28.11 

Incidence 5451.58 5318.99 5064.83 5097.10 4747.29 4263.37 3697.07 

Middle DALY 81.98 64.24 49.81 35.15 25.48 18.25 14.33 

Maternal Mortality 14.47 13.23 11.94 8.96 6.69 4.53 4.29 

Incidence 3690.94 3049.05 2600.62 2352.01 2230.04 2108.73 1727.63 

Global DALY 208.50 174.10 143.63 109.34 85.01 66.13 50.88 

Maternal Mortality 35.53 32.70 29.26 23.20 18.59 14.61 12.72 

Incidence 3507.81 3052.15 2765.35 2548.81 2392.75 2241.64 1976.32 
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Fig 1. Trends of Maternal Abortion and Miscarriage by SDI (1990–2021): a) DALY, b) Maternal Mortality Ratio,and c) Incidence  

 

a) 

b) 

c) 
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Table 2. Results of the Joinpoint Regression Models for Trends in Age-Standardized DALY, Maternal Mortality Ratio, 

and Incidence by SDI Groups (1990–2021) 
Segments DALY 

High middle SDI High SDI Low middle SDI Low SDI Middle SDI 

Year APC 

(95 % CL) 
Year APC 

(95 % CL) 
Year APC 

(95 % CL) 
Year APC 

(95 % CL) 
Year APC 

(95 % CL) 
Trend 1 1990-1992 -8.91* 

(-9.73, -7.26) 
1990-1996 -5.80* 

(-6.21, -5.54) 
1990-1998 -4.98* 

(-5.32, -

4.65) 

1990-1999 -2.99* 

(-3.09, -2.88) 
1990-1998 -4.52* 

(-4.88, -

4.02) 

Trend 2 1992-1999 -5.46* 

(-5.73, -4.88) 
1996-2000 -3.67* 

(-4.06, -2.95) 
1998-2003 -8.29* 

(-9.24, -

7.28) 

1999-2005 -5.19* 

(-5.35, -4.40) 
1998-2015 -6.26* 

(-6.45, -

6.13) 
Trend 3 1999-2005 -7.95* 

(-8.55, -7.62) 
2000-2003 -5.67* 

(-6.13, -4.99) 
2003-2007 -5.24* 

(-7.79, -

4.27) 

2005-2017 -5.59* 

(-5.69, -5.50) 
2015-2021 -4.34* 

(-4.95, -

3.12) 
Trend 4 2005-2009 -4.57* 

(-4.98, -3.52) 
2003-2008 -2.93* 

(-3.20, -2.22) 
200-2019 -7.01* 

(-7.66, -

5.80) 

2017-2021 -6.62* 

(-7.12, -6.31) 
--- --- 

Trend 5 2009-2012 -7.78* 

(-8.38, -6.95) 
2008-2011 -4.96* 

(-5.31, -4.21) 
2019-2021 -4.95* 

(-6.83, -

4.02) 

--- --- --- --- 

Trend 6 2012-2015 -2.65* 

(-3.48, -2.06) 
2011-2021 -3.06* 

(-3.18, -2.88) 
--- --- --- --- --- --- 

Trend 7 2015-2021 -5.49* 

(-5.89, -5.26) 
---- --- --- --- --- --- --- --- 

AAPC 1990-2021 -6.03 

(-6.08, -5.95) 
1990-2021 -4.09 

(-4.13, -4.05) 
1990-2021 -6.34 

(-6.44, -

6.28) 

1990-2021 -4.90 

(-4.94, - 4.87) 
1990-2021 -5.44* 

(-5.53, -

5.35) 

Maternal Mortality Ratio 
Trend 1 1990-1999 -2.73* 

(-3.16, -2.36) 

1990-1998 -6.77* 

(-7.62, -6.44) 

1990-1999 -3.54* 

(-3.80, -

3.26) 

1990-1999 -2.56* 

(-2.76, -2.37) 

1990-1994 -2.04* 

(-3.40, -

1.35) 

Trend 2 1999-2006 -8.28* 

(-9.46, -7.73) 

1998-2002 -5.17* 

(-6.19, -2.12) 

1999-2003 -7.17* 

(-8.24, -

6.31) 

1999-2011 -4.26* 

(-4.57, -4.06) 

1994-1998 -0.21 

(-1.34, 0.47) 

Trend 3 2006-2009 -5.41* 

(-7.08, -4.49) 

2002-2008 -1.87* 

(-5.50, -0.72) 

2003-2006 -3.50* 

(-4.64, -

2.76) 

2011-2017 -3.55* 

(-4.20, -2.84) 

1998-2009 -5.30* 

(-5.49, -

5.12) 

Trend 4 2009-2016 -8.73* 

(-9.87, -8.30) 

2008-2011 -6.26* 

(-6.88, -3.89) 

2006-2015 -5.43* 

(-6.44, -

5.20) 

2017-2021 -4.54* 

(-5.34, -3.95) 

2009-2016 -7.05* 

(-7.39, -

6.77) 

Trend 5 2016-2021 -3.51* 

(-4.41, -2.23) 

2011-2021 -3.62* 

(-3.89, -3.24) 

2015-2021 -3.79* 

(-4.31, -

2.91) 

--- --- 2016-2021 -0.34 
(-0.75, 0.05) 

AAPC 1990-2021 -5.76* 

(-5.86, -5.67) 
1990-2021 -4.57* 

(-4.64, -4.50) 
1990-2021 -4.61* 

(-4.68, -

4.55) 

1990-2021 -3.67* 

(-3.73, -3.62) 
1990-2021 -3.86* 

(-3.93, -

3.79) 

Incidence 

Trend 1 1990-1994 -4.58* 

(-5.60, -3.83 
1990-1993 -2.38* 

(-3.45, -1.58) 
1990-1996 -1.66* 

(-1.70, -

1.60) 

1990-1996 -0.56* 

(-0.64, -0.49) 
1990-1994 -3.08* 

(-3.20, -

2.98) 
Trend 2 1994-2010 -1.66* 

(-1.77, -1.55) 
1993-2001 -0.98* 

(-1.16, -0.59) 
1996-2000 -2.04* 

(-2.16, -

1.95) 

1996-2000 -1.18* 

(-1.30, -1.06) 
1994-1998 -2.17* 

(-2.37, -

2.06) 
Trend 3 2010-2021 -0.11 

(-0.28,0.11) 
2001-2004 -8.14* 

(-8.59, -7.70) 
2000-2006 -1.55* 

(-1.60, -

1.48) 

2000-2005 0.08* 

(0.011,0.15) 
1998-2003 -1.76* 

(-1.86, -

1.62) 
Trend 4 --- --- 2004-2009 -3.65* 

(-4.21, -3.24) 
2006-2012 -1.97* 

(-2.01, -

1.93) 

2005-2010 -1.30* 

(-1.38, -1.21) 
2003-2009 -1.10* 

(-1.18, -

1.02) 
Trend 5 --- --- 2009-2019 -1.96* 

(-2.16, -1.78) 
2012-2021 -2.72* 

(-2.74, 2.69) 
2010-2015 -1.95* 

(-2.04, -1.78) 
2009-2013 -0.25* 

(-0.36, -

0.12) 
Trend 6 --- --- 2019-2021 0.73 

(-0.64,1.41) 
--- --- 2015-2021 -2.24* 

(-2.34, -2.17) 
2013-2016 -1.30* 

(-1.41, -

1.17) 
Trend 7 --- --- --- --- --- --- --- --- 2016-2021 -3.03* 

(-3.11, -

2.96) 

AAPC 1990-2021 -1.49* 

(-1.55, -1.42) 
1990-2021 -2.47* 

(-2.54, -2.41) 
1990-2021 -2.06* 

(-2.06, -

2.05) 

1990-2021 -1.21* 

(-1.22, -1.20) 
1990-2021 -1.83* 

(-1.84, -

1.82) 

 

  * Indicates that the APC is significantly different from zero                                                                                                                              
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Fig 2.  Results of joinpoint regression models for analyzing the Trends of Maternal Abortion and Miscarriage Acroos SDI (1990–2021): a) DALY, b) 

Maternal Mortality Ratio, and c) Incidence 

a) 

b) 

C) 
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DALY trends by SDI 

High-SDI countries showed the lowest burden 

throughout the period, with DALY rates falling from 

2.72 to 0.75 per 100 000. The steepest annual decline 

occurred between 1990-1996 (annual percent change 

(APC = -5.80%, 95% UI: -6.21, -5.54). 

High-middle-SDI regions exhibited the most rapid 

long-term reduction (average annual percent change 

(AAPC = -6.03%, 95% UI: -6.08, -5.95), while 

low-SDI countries, despite a marked decrease from 

537.08 to 113.27 per 100 000, had the slowest 

overall decline (AAPC = -4.90%, 95% 

UI: -4.94, -4.87). Detailed APC and AAPC values 

for each SDI group are provided in Table 2. 

MMR trends by SDI 

MMR patterns closely mirrored those of DALY. 

High-middle-SDI regions achieved the largest 

long-term reduction (AAPC = -5.76%, 95% 

UI: -5.86, -5.67), whereas low-SDI countries showed 

the smallest decline (AAPC = -3.67%, 95% 

UI: -3.73, -3.62). Periods of stagnation or minimal 

change were observed in several SDI groups, most 

notably in low-SDI countries during the early 1990s 

and in middle-SDI countries between 1994-1998. 

Incidence trends by SDI 

Incidence rates declined more slowly than DALY 

and MMR across all SDI levels. High-SDI countries 

experienced the greatest reduction (AAPC = -2.47%, 

95% UI: -2.54, -2.41), while low-SDI regions had the 

smallest decline (AAPC = -1.21%, 95% 

UI: -1.22, -1.20). In low-SDI countries, the trend 

included intervals of stagnation or slight increase, 

such as a positive APC of 0.26% between 

2000-2005. 

 

Table 3. Results of the Joinpoint Regression Models for Global Trends in Age-Standardized and Women Aged 15-49 

DALY, Maternal Mortality Rates, and Incidence (1990–2021) 

Category Segments DALY  Maternal Mortality Incidence 

Year APC (95 % 

CL) 

Year APC (95 % 

CL) 

Year APC (95 % 

CL) 

1 Trend 1 1990-

1999 

-3.33*  

(-3.50, -3.11) 

 1990-

1999 

-1.54* 

 (-2.08, -1.03) 

1990-

1994 

-2.32* 

(-2.39, -2.24) 

Trend 2 1999-

2002 

-5.96*  

(-6.31, -5.02) 

 1999-

2002 

-4.88* 

 (-5.21, -1.01) 

1994-

2004 

-1.40* 

(-1.47, -1.38) 

Trend 3 2002-

2021 

-4.67* 

 (-4.73, -4.57) 

 2002-

2016 

-4.32* 

 (-4.75, -3.05) 

2004-

2009 

-1.27* 

(-1.36, -1.12) 

Trend 4 --- ---  2016-

2021 

-2.25* 

 (-2.79, -1.26) 

2009-

2013 

-0.86* 

(-0.94, -0.72) 

Trend 5 --- ---  --- --- 2013-

2016 

-1.37* 

(-1.46, -1.20) 

Trend 6 --- ---  --- --- 2016-

2019 

-2.07* 

(-2.17, -1.94) 

Trend 7 --- ---  --- --- 2019-

2021 

-1.51* 

(-1.70, -1.35) 

AAPC 1990-

2021 

-4.41* 

 (-4.45, -4.37) 

 1990-

2021 

-3.24* 

 (-3.31, -3.19) 

1990-

2021 

-1.50* 

(-1.51, -1.49) 

2 Trend 1 1990-

1999 

-3.33* 

(-3.51, -3.10) 

 1990-

1999 

-1.65* 

(-1.94, -1.44) 

1990-

1994 

-2.85* 

(-3.04, -2.75) 

Trend 2 1999-

2002 

-6.12* 

(-6.46, -5.14) 

 1999-

2016 

-4.42* 

(-4.52, -4.33) 

1994-

1997 

-2.17* 

(-2.51, -1.89) 

Trend 3 2002-

2021 

-4.71* 

(-4.78, -4.62) 

 2016-

2021 

-2.11* 

(-2.65, -1.30) 

1997-

2003 

-1.83* 

(-1.88, -1.32) 

Trend 4 --- ---  --- --- 2003-

2015 

-1.25* 

(-1.27, -1.22) 

Trend 5 --- ---  --- --- 2015-

2019 

-2.27* 

(-2.39, -2.20) 

Trend 6 --- ---  --- --- 2019-

2021 

-1.80* 

(-2.06, -1.64) 

AAPC 1990-

2021 

-4.45* 

(-4.49, -4.41) 

 1990-

2021 

-3.25* 

(-3.32, -3.20) 

1990-

2021 

-1.83* 

(-1.84, -1.82) 

                            * Indicates that the APC is significantly different from zero, 1 = Age-standardized rate, 2 = Women aged 15-49 years. 
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Fig 3. Results of joinpoint regression models for analyzing the Global Trends of Maternal Abortion and Miscarriage (1990–2021): a) DALY, b) Maternal 

Mortality Ratio, and c) Incidence  
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Table 4. Joinpoint Regression Analysis of Trends in DALY, Maternal Mortality Ratio and Incidence among Women Aged 

15-49 by SDI Groups (1990–2021) 

 
* Indicates that the APC is significantly different from zero 

  

Segments 

DALY 

High middle SDI High SDI Low middle SDI Low SDI MiddleSDI 

Year 
APC 

(95 % 
CL) 

Year APC 
(95 % CL) Year 

APC 
(95 % 
CL) 

Year APC 
(95 % CL) Year 

APC 
(95 % 
CL) 

Trend 1 1990-
1992 

-9.01* 
(-9.75, -

7.57) 

1990-
1996 

-6.38* 
(-6.86, -6.10) 

1990-
1998 

-4.91* 
(-5.24, -

4.60) 

1990-
1999 

-4.91* 
(-5.24, -4.60) 

1990-
1998 

-4.42* 
(-4.78, -

3.97) 

Trend 2 1992-
1999 

-5.95* 
(-6.21, -

5.44) 

1996-
2000 

-3.88* 
(-4.38, -3.07) 

1998-
2003 

-8.18* 
(-9.14, -

7.48) 

1999-
2006 

-8.18* 
(-9.14, -7.48) 

1998-
2015 

-6.38* 
(-6.55, -

6.27) 

Trend 3 1999-
2005 

-8.25* 
(-8.67, -

7.95) 

2000-
2003 

-5.81* 
(-6.34, -5.01) 

2003-
2007 

-5.20* 
(-6.10, -

4.21) 

2006-
2017 

-5.20* 
(-6.10, -4.21) 

2015-
2021 

-4.26* 
(-4.81, -

3.38) 

Trend 4 2005-
2009 

-4.45* 
(-4.83, -

3.64) 

2003-
2008 

-2.83* 
(-3.16, -1.94) 

2007-
2019 

-7.02* 
(-7.52, -

6.87) 

2017-
2021 

-7.02* 
(-7.52, -6.87) --- --- 

Trend 5 2009-
2012 

-8.13* 
(-8.65, -

7.30) 

2008-
2011 

-4.47* 
(-4.87, -3.65) 

2019-
2021 

-4.64* 
(-6.62, -

3.68) 
--- --- --- --- 

Trend 6 2012-
2015 

-3.23* 
(-3.98, -

2.71) 

2011-
2021 

-2.85* 
(-2.99, -2.61) --- --- --- --- --- --- 

Trend 7 2015-
2021 

-5.76* 
(-6.14, -

5.56) 
--- --- --- --- --- --- --- --- 

AAPC 1990-
2021 

-6.33* 
(-6.38, -

6.25) 

1990-
2021 

-4.12* 
(-4.16, -4.07) 

1990-
2021 

-6.28* 
(-6.38, -

6.22) 

1990-
2021 

-4.89* 
(-4.94, -4.87) 

1990-
2021 

-5.47* 
(-5.55, 
5.39) 

Maternal Mortality Ratio 

Trend 1 1990-
1999 

-2.73* 
(-3.16, -

2.35) 

1990-
1998 

-6.78* 
(-7.61, -6.45) 

1990-
1999 

-3.53* 
(-3.79, -

3.25) 

1990-
1993 

-3.05* 
(-3.68, -2.54) 

1990-
1994 

-2.03* 
(-3.36, -

1.38) 

Trend 2 1999-
2006 

-8.33* 
(-9.53, -

7.77) 

1998-
2002 

-5.16* 
(-6.19, -2.12) 

1999-
2003 

-7.19* 
(-8.28, -

6.35) 

1993-
1999 

-2.39* 
(-4.36, -2.05) 

1994-
1998 

-0.20 
(-0.92, 
0.47) 

Trend 3 2006-
2009 

-5.41* 
(-7.10, -

4.48) 

2002-
2008 

-1.81* 
(-5.37, -0.68) 

2003-
2006 

-3.48* 
(-4.63, -

2.76) 

1999-
2011 

-4.29* 
(-4.43, -4.11) 

1998-
2009 

-5.35* 
(-5.53, -

5.18) 

Trend 4 2009-
2016 

-8.77* 
(-9.97, -

8.34) 

2008-
2011 

-6.31* 
(-6.92, -4.00) 

2006-
2015 

-5.47* 
(-6.42, -

5.25) 

2011-
2017 

-3.53* 
(-3.74, -3.09) 

2009-
2016 

-7.13* 
(-7.46, -

6.85) 

Trend 5 2016-
2021 

-3.49* 
(-4.42, -

2.20) 

2011-
2021 

-3.58* 
(-3.84, -3.23) 

2015-
2021 

-3.73* 
(-4.26, -

2.90) 

2017-
2021 

-4.52* 
(-5.02, -4.23) 

2016-
2021 

-0.23 
(-0.64, 
0.15) 

AAPC 1990-
2021 

-5.78* 
(-5.89, -

5.69) 

1990-
2021 

-4.55* 
(-4.63, -4.49) 

1990-
2021 

-4.614* 
(-4.68, -

4.55) 
 

1990-
2021 

-3.69* 
(-3.73, -3.66) 

 

1990-
2021 

-3.87* 
(-3.94, -

3.81) 
 

Incidence 

Trend 1 1990-
1995 

-5.46* 
(-5.98, -

4.96) 

1990-
1994 

-2.94* 
(-4.06, -2.39) 

1990-
1996 

-1.78* 
(-1.81, -

1.74) 

1990-
1996 

-0.52* 
(-0.61, -0.41) 

1990-
1995 

-3.79* 
(-4.05, -

3.66) 

Trend 2 1995-
2008 

-2.02* 
(-2.17, -

1.88) 

1994-
2001 

-1.42* 
(-1.64, -1.04) 

1996-
2000 

-2.17* 
(-2.25, -

2.09) 

1996-
2000 

-1.12* 
(-1.30, -0.97) 

1995-
2000 

-3.15* 
(-3.37, -

2.89) 

Trend 3 2008-
2021 

-0.55* 
(-0.69, -

0.40) 

2001-
2004 

-8.16* 
(-8.64, -7.69) 

2000-
2006 

-1.67* 
(-1.71, -

1.63) 

2000-
2005 

0.26* 
(0.17,0.35) 

2000-
2004 

-2.16* 
(-2.34, -

1.86) 

Trend 4 --- --- 2004-
2008 

-3.73* 
(-4.48, -3.19) 

2006-
2011 

-2.12* 
(-2.16, -

2.08) 

2005-
2011 

-1.50* 
(-1.59, -1.43) 

2004-
2015 

-1.01* 
(-1.05, -

0.97) 

Trend 5 --- --- 2008-
2019 

-1.65* 
(-1.81, -1.50) 

2011-
2016 

-2.88* 
(-2.92, -

2.82) 

2011-
2021 

-2.34* 
(-2.38, -2.30) 

2015-
2021 

-3.36* 
(-3.44, -

3.30) 

Trend 6 --- --- 2019-
2021 

0.81 
(-0.55,1.50) 

2016-
2021 

-3.08* 
(-3.15, -

3.04) 
--- --- --- --- 

AAPC 1990-
2021 

-1.98* 
(-2.03, -

1.92)  

1990-
2021 

-2.52* 
(-2.59, -2.47) 

1990-
2021 

-2.25* 
(-2.26, -

2.26) 

1990-
2021 

-1.25* 
(-1.26, -1.24) 

1990-
2021 

-2.42* 
(-2.43, -

2.40) 
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Joinpoint regression results 

Joinpoint regression was used to identify changes in 

trend direction. Table 3 summarizes the APC and 

AAPC for the global population. The sharpest annual 

decline in DALY rates occurred between 1999-2002 

(APC = -5.96%, 95% UI: -6.31, -5.02), while MMR 

fell most rapidly during the same interval (APC 

= -4.88%, 95% UI: -5.21, -1.01). For incidence, the 

largest reduction was observed in 1990-1994 (APC 

= -2.32%, 95% UI: -2.39, -2.24). The overall 

downward trend was confirmed by statistically 

significant AAPCs: DALY (-4.41%, 95% 

UI: -4.45, -4.37), MMR (-3.24%, 95% 

UI: -3.31, -3.19), and incidence (-1.50%, 95% 

UI: -1.51, -1.49). 

 

Age-specific analysis (women aged 15–49 years) 

Because maternal health risks concentrate in the 

reproductive-age group, we also examined trends 

among women aged 15–49 years. In this subgroup, 

DALY rates decreased from 208.50 to 50.88 per 

100 000, MMR from 35.53 to 12.72 per 100 000, and 

incidence from 3507.81 to 1976.32 per 100 000. 

Disparities across SDI levels remained pronounced 

in 2021: DALY and MMR rates in low-SDI 

countries were more than 8-fold higher than in 

high-SDI countries (DALY: 218.64 vs. 1.48; MMR: 

28.11 vs. 0.25 per 100 000), and incidence was 

nearly four-fold higher (3697.07 vs. 961.68 per 

100 000).  

Joinpoint regression for this age group (Table 4) 

showed significant reductions in all three indicators 

across every SDI stratum. The fastest long-term 

DALY decline occurred in high-middle-SDI (AAPC 

= -6.33%, 95% UI: -6.38, -6.25) and 

low-middle-SDI countries (AAPC = -6.28%, 95% 

UI: -6.38, -6.22). For MMR, the largest AAPC was 

observed in high-middle-SDI regions (-5.78%, 95% 

UI: -5.89, -5.69). Incidence declines were more 

modest, with the highest AAPC in high-SDI 

countries (-2.52%, 95% UI: -2.59, -2.45) and the 

lowest in low-SDI countries (-1.25%, 95% 

UI: -1.26, -1.24). Periods of stagnation or minimal 

change were present in several SDI groups, most 

consistently in low-SDI countries. 

 

Discussion 

This study provides a comprehensive assessment of 

long‑term trends in maternal mortality and disability 

related to abortion and miscarriage, based on GBD 

2021 estimates. Overall, the observed downward 

trends indicate meaningful global progress in 

maternal health over the past three decades. Despite 

these encouraging trends, the findings underscore 

persistent and unequal burdens across 

socio‑demographic contexts. Women of 

reproductive age (15-49 years) continue to 

experience a disproportionately higher burden, 

highlighting the critical importance of focused 

reproductive and maternal health services for this 

group. From a midwifery and nursing perspective, 

this emphasizes the ongoing need for comprehensive 

antenatal, post‑abortion, and miscarriage care, 

including early risk identification, timely referral, 

and continuity of care across the reproductive life 

course. 

These findings showed that countries have made 

significant progress toward achieving the 

Millennium Development Goals (MDGs) in 

reducing maternal mortality associated with 

Abortion and Miscarriage. However, they have not 

yet fully met the Sustainable Development Goals 

(SDGs). The decline in MMR associated with 

Abortion and Miscarriage has been particularly 

notable in low-SDI countries, but the slower 

reduction in recent years highlights the need for 

greater focus on effective interventions, 

strengthening healthcare systems, and improving 

access to safe pregnancy and childbirth services.  

Maternal mortality arises from both direct and 

indirect causes. Direct causes include postpartum 

hemorrhage, hypertensive disorders during 

pregnancy, sepsis, and complications from unsafe 

abortion. Indirect causes stem from pre-existing 

health conditions such as HIV, malaria, and 

cardiovascular diseases [18]. In high-income 

nations, leading direct causes of maternal death 

include embolism, sepsis, and hemorrhage, while 

indirect causes such as cardiac diseases and, more 

recently, COVID-19, have also been significant 

contributors [19-21]. 
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The GBD 2017 study reported a decline in 

age‑standardized incidence rates and DALYs for 

maternal disorders, with the highest burden observed 

in low‑ and middle‑income countries, particularly 

sub‑Saharan Africa. Although abortion and 

miscarriage had the highest incidence, maternal 

hemorrhage remained the leading contributor to 

disease burden, followed by hypertensive and 

indirect maternal disorders. Despite a slight increase 

in total cases, the overall maternal disease burden 

declined, especially in lower‑income regions. 

Consistent with these findings, the present study 

demonstrates a significant reduction in maternal 

mortality and DALY rates over time; however, the 

recent slowing of progress highlights persistent 

challenges in achieving the SDGs and underscores 

the need for sustained maternal health interventions 

in low‑ and middle‑income settings. [3]. Overall 

improvements in maternal mortality and DALY rates 

appear to reflect enhanced access to family planning 

and contraception, safer abortion services, and 

strengthened maternal health systems, supported by 

policy‑driven interventions and global health 

initiatives. The expansion of skilled birth attendance, 

broader antenatal and postnatal care coverage, 

improved emergency obstetric services, and 

increased public awareness through education and 

health campaigns have collectively contributed to 

these favorable trends [22]. Our results showed that 

the stratified analysis by Socio‑Demographic Index 

further reveals substantial global inequities. 

High‑SDI countries consistently demonstrate the 

lowest burden, likely reflecting robust health 

systems, legal and safe abortion services, and 

well‑established midwifery‑led models of care. In 

contrast, although low‑SDI countries have achieved 

notable reductions over time, they still bear the 

highest absolute burden. This pattern aligns with 

previous GBD reports and underscores the 

vulnerability of maternal health services in 

resource‑constrained settings, where shortages of 

skilled birth attendants, limited access to emergency 

obstetric care, and sociocultural barriers remain 

significant challenges [3, 19].   

Importantly, the recent slowing of progress in 

maternal mortality reduction suggests that earlier 

gains may be reaching a plateau. This trend has 

critical implications for policy and practice, 

particularly in low‑SDI countries, where sustaining 

progress will require renewed investment in 

midwifery workforce development, strengthening 

primary health care, and integrating reproductive 

health services with broader social and health 

policies. Nurses and midwives play a central role in 

these efforts, as frontline providers in counseling, 

prevention of unsafe abortion, management of 

complications, and advocacy for women’s 

reproductive rights. 

Wei’s GBD 2021 analysis shows a sustained decline 

in MMR from 1990 to 2021 in high‑SDI regions, 

while low‑SDI countries continue to bear a 

disproportionately high maternal mortality burden. 

Maternal hemorrhage and hypertensive disorders 

remain the leading causes of death, with notable 

regional variations, including higher abortion‑related 

complications in high‑SDI regions and a substantial 

contribution of HIV/AIDS and other indirect causes 

in sub‑Saharan Africa, alongside a U‑shaped 

age‑specific mortality pattern [23]. Consistent with 

these findings, the present study confirms an overall 

decline in MMR and DALYs; however, the observed 

slowdown since 2016 particularly pronounced in 

high‑SDI regions suggest that recent progress has 

stalled, potentially due to the COVID‑19 pandemic, 

economic instability, and political challenges, 

underscoring persistent maternal health inequities.  

Tong's study analyzed global, regional, and national 

trends in pregnancy loss incidence, disability-

adjusted life years (DALYs), and maternal mortality, 

as well as their associations with factors such as 

physical condition, lifestyle, sleep, and health status. 

The study found that approximately 42.39 million 

cases of pregnancy loss were reported worldwide in 

2019. From 1990 to 2019, incidence, DALYs, and 

mortality generally declined, although some 

countries experienced increases. Higher socio-

demographic index (SDI) levels were negatively 

correlated with pregnancy loss rates, and this decline 

is projected to continue through 2030. Significant 

risk factors included poor overall health, smoking, 

sedentary behavior, lower education levels, and low 

maternal birth weight, while moderate-to-vigorous 
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physical activity was identified as a protective factor 

[24]. The findings of this study align with Tong's 

study in confirming an overall improvement in 

maternal health outcomes over time, particularly in 

high-SDI countries. However, disparities persist, 

with lower-SDI regions continuing to bear a 

significantly higher. Together, our results and the 

findings from Tong et al. highlight the complex 

interplay between socio-demographic, behavioral, 

and health system factors in shaping maternal health 

outcomes. They point to the urgent need for 

multifaceted strategies that address both medical and 

social determinants-particularly in low-SDI 

countries where progress remains uneven. 

The strengths and limitations of the study  

This study has several limitations that should be 

acknowledged. First, the analysis relies on estimates 

from the GBD 2021 study, which are derived from 

multiple data sources of varying quality. Although 

the GBD applies rigorous methods to adjust for 

missing, sparse, and low-quality data, abortion- and 

miscarriage-related outcomes may still be 

underreported or misclassified, particularly in low-

SDI settings where vital registration systems are 

incomplete and legal or cultural sensitivities 

surrounding abortion may affect reporting accuracy. 

As a result, maternal mortality and DALY estimates 

related to unsafe abortion may be underestimated in 

some regions. Second, the GBD estimates are 

generated using statistical modeling approaches to 

address data gaps, especially in countries with 

limited primary data. While these methods improve 

comparability across countries and over time, they 

introduce uncertainty that should be considered 

when interpreting regional and temporal trends. 

Although uncertainty intervals accompany all 

estimates, the present study did not perform 

additional sensitivity analyses beyond those 

embedded within the GBD framework. 

Third, while this study examines age groups and 

socio-demographic differences using SDI categories, 

it does not fully capture contextual factors such as 

cultural norms, legal frameworks, healthcare system 

quality, or access to safe reproductive health 

services, all of which may substantially influence 

abortion- and miscarriage-related outcomes. Finally, 

the use of quantitative indicators such as mortality 

rates and DALYs does not reflect qualitative 

dimensions, including women’s lived experiences 

and barriers to accessing reproductive healthcare. 

Future studies integrating qualitative data and 

country-specific policy contexts may provide a more 

comprehensive understanding of maternal health 

outcomes related to abortion and miscarriage. 

 
Conclusion 

This study demonstrates a significant decline in the 

age-standardized DALY rate and MMR from 1990 

to 2021, with the most substantial reductions 

occurring between 1999 and 2002. While all SDI 

levels experienced improvements, disparities persist, 

with low-SDI countries still bearing the highest 

burden. Despite continued progress, the rate of 

decline has slowed in recent years, highlighting the 

need for sustained and targeted interventions, 

particularly in lower-income regions. Strengthening 

healthcare systems, improving maternal care access, 

and addressing social determinants remain critical 

for further reducing maternal health burdens 

globally. 
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