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Objective: Women of childbearing age (WCBA, 15–49 years) are a key population for public health prevention, yet evidence on 
long-term trends in modifiable risk factors and their attributable burden remains limited. We aimed to assess global patterns and 
temporal changes in major modifiable risk factors among WCBA.
Methods: Using data from the Global Burden of Disease (GBD) 2021, we analysed summary exposure values, deaths, and disability-adjusted 
life years (DALYs) attributable to 83 modifiable risk factors across metabolic, behavioural, and environmental/occupational domains.
Results: In 2021, 1.10 million deaths and 108.0 million DALYs among WCBA were attributable to modifiable risk factors, 
representing 34.83% of total deaths and 26.52% of total DALYs. The leading Level 3 risk factors for DALYs were unsafe sex 
(4.89%), iron deficiency (3.36%), high body mass index (BMI) (3.19%), and high fasting plasma glucose (FPG) (2.48%). Between 
1990 and 2021, environmental and occupational risk exposures generally declined over time, whereas metabolic risk exposures— 
particularly high BMI (EAPC 1.83%) and high FPG (EAPC 1.59%)—showed sustained increases across most regions. Risk profiles 
varied across sociodemographic index (SDI) levels, with reproductive and nutritional risks predominating in lower-SDI settings and 
metabolic or behavioural risks more prominent in higher-SDI settings.
Conclusion: Modifiable risk factors account for a substantial proportion of disease burden among WCBA. The coexistence of rising 
metabolic risks and persistent reproductive and nutritional challenges calls for targeted strategies—strengthening reproductive health 
and nutrition programmes in lower-SDI settings, and prioritising obesity prevention and metabolic screening in higher-SDI regions.
Keywords: women of childbearing age, modifiable risk factors, global burden of disease, disability-adjusted life years, temporal 
trends, public health prevention

Introduction
Women of childbearing age (WCBA), defined as females aged 15–49 years, constitute a key population for public health 
prevention.1,2 WCBA represent a distinct group characterized by overlapping nutritional, metabolic, and reproductive 
vulnerabilities.3,4 Health risks during this life stage contribute substantially to morbidity, mortality, and adverse 
reproductive outcomes, with implications for both women’s current health, pregnancy outcomes, and population health 
more broadly.1,2,5 In addition, ongoing demographic transition and changing fertility patterns worldwide have further 
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increased the importance of monitoring risk factors in this population, as shifts in the timing and context of childbearing 
may alter both exposure profiles and the public health consequences of these risks.6,7 Despite improvements in healthcare 
coverage in many regions,8,9 WCBA continue to face a wide range of preventable health risks,10,11 underscoring the need 
for population-level evidence to inform effective prevention strategies.12

Over recent decades, socioeconomic development, urbanisation, and lifestyle changes have reshaped the risk profile of 
WCBA worldwide.3 The burden attributable to metabolic risk factors has increased markedly, driven in part by rising levels 
of high body mass index (BMI) and dysglycaemia, alongside growing challenges related to mental health.13–15 At the same 
time, environmental exposures such as air and water pollution remain important contributors to health risk in many low- and 
middle-income settings.16 These concurrent trends indicate an increasingly complex mix of traditional and emerging risk 
factors affecting WCBA, highlighting the importance of comprehensive assessment across multiple risk domains.

Although previous studies have quantified mortality and disease burden among women, evidence remains limited on 
long-term patterns of exposure to, and disease burden attributable to, a broad spectrum of modifiable risk factors among 
WCBA.2,17,18 Existing research has often focused on individual diseases, single risk factors, or specific countries, 
limiting comparability and the ability to prioritise prevention efforts across populations.3,19 In particular, few studies 
have systematically examined how risk exposures and their relative contributions to disease burden have changed over 
time across diverse geographic and sociodemographic contexts using a consistent analytical framework. This gap is 
especially important because risk profiles during the childbearing years may have intergenerational consequences through 
effects on conception, pregnancy, fetal growth, and later offspring health.

The Global Burden of Disease (GBD) 2021 study offers an opportunity to address these gaps by providing harmonised 
estimates of exposure and attributable burden for a wide range of modifiable risk factors across countries and over time.13 

Compared with prior single-risk or single-country studies, the GBD comparative risk assessment framework enables 
consistent cross-country, cross-risk, and longitudinal comparisons using standardized definitions and modeling procedures. 
Using GBD 2021 data, this study aimed to identify the leading modifiable risk factors contributing to mortality and 
disability-adjusted life years (DALYs) among WCBA and to characterise global, regional, and national trends in risk 
exposure from 1990 to 2021. By clarifying the evolving distribution of major risk factors, this analysis seeks to support 
prioritisation of prevention strategies and evidence-based public health planning for women of childbearing age.

Methods
Study Population and Data Sources
This study focused on WCBA, defined by the WHO as females aged 15 to 49 years, a group undergoing physiological 
changes associated with reproductive function.18 Data were derived from the GBD 2021 study, coordinated by the 
Institute for Health Metrics and Evaluation (IHME) at the University of Washington. GBD 2021 provides systematically 
compiled estimates for 204 countries and territories across 23 age groups and includes data on 88 risk factors, 155 health 
outcomes, and 631 risk–outcome pairs.13 All data used in this analysis were publicly available through the GBD Results 
Tool (http://ghdx.healthdata.org/gbd-results-tool).

Comparative Risk Assessment Framework
Risk factor estimation followed the GBD comparative risk assessment (CRA) framework, which quantifies the attribu
table burden.13 This process includes seven key steps:

1. Estimating risk exposure: Using 51,337 data sources—including surveys, surveillance systems, and remote sensing 
—exposure levels were modeled by location, age, sex, and year through Bayesian meta-regression methods (eg, 
ST-GPR and DisMod-MR 2.1).13

2. Estimating relative risks (RRs): Associations between 88 risk factors and 155 health outcomes were quantified 
based on 3359 data sources through systematic reviews, meta-analyses, and meta-regression. For 211 risk–outcome 
pairs, the Burden of Proof Risk Function (BPRF) was applied to model non-linear dose–response relationships and 
account for study heterogeneity, while traditional meta-regression was used for the remaining 420 pairs.13
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3. Defining the theoretical minimum risk exposure level (TMREL): The TMREL represents the exposure level 
associated with the lowest possible risk, based on epidemiological evidence or predefined thresholds.

4. Calculating population attributable fractions (PAFs): The PAF reflects the proportion of risk-attributable burden 
that could be avoided if exposure were reduced to the TMREL.

5. Computing summary exposure values (SEVs): SEVs reflect the risk-weighted prevalence of exposure on a scale 
from 0 (no excess risk) to 100 (highest possible risk).

6. Adjusting for mediation and interactions: Mediation and overlapping effects among risk factors were accounted for 
to prevent overestimation.

7. Estimating attributable burden: The attributable deaths and DALYs were calculated by multiplying the PAF by the 
total disease burden for each outcome.

Risk Factor Classification
GBD 2021 categorized 88 risk factors hierarchically across five levels. Level 0 comprises all risk factors, Level 1 
includes three broad categories (environmental/occupational, behavioral, and metabolic risks), and Levels 2 to 4 consist 
of increasingly specific risk factors or clusters. This study excluded five risk factors—suboptimal breastfeeding, non- 
exclusive breastfeeding, discontinued breastfeeding, child stunting, and zinc deficiency—due to their irrelevance to 
WCBA, resulting in a final analysis of 83 risk factors. These exclusions were made because these risks are not directly 
estimated within the GBD Study for the WCBA population.

Key Variables and Definitions
SEV quantifies population-level exposure to a risk factor by integrating prevalence and risk magnitude. It ranges from 0 
to 100, where higher values indicate higher exposure or risk severity. SEVs were computed using age-, sex-, location-, 
and time-specific exposure estimates weighted by associated RRs.13

Sociodemographic Index (SDI) is a composite indicator of development, incorporating total fertility rate under age 
25, mean education among individuals aged ≥15 years, and lag-distributed income per capita.20 Countries were 
categorized into five SDI quintiles: low, low-middle, middle, high-middle, and high. SDI was used to evaluate geographic 
disparities in risk exposures and burden.

Estimation of Attributable Burden
The burden attributable to each risk factor was estimated in terms of deaths and DALYs. For each risk–outcome pair, the 
PAF was first calculated and then multiplied by the total burden of the corresponding health outcome.

Statistical Analysis
This study extracted SEV, estimated deaths, and DALYs attributable to risk factors for WCBA from the GBD 2021 
results tool, including 95% uncertainty intervals (UIs). The 95% UIs were generated using advanced Bayesian methods, 
integrating multiple data sources and accounting for uncertainties from measurement errors, study design variations, and 
potential biases. Posterior distributions were sampled 500 times, with UIs defined by the 2.5th and 97.5th percentiles. In 
contrast, 95% confidence intervals (CIs) were used only for the age-standardized rates (ASRs) and estimated annual 
percentage change (EAPC) values. The 95% UIs and 95% CIs were applied to different types of estimates and were not 
used for direct inferential comparison. ASRs with 95% CIs were calculated using the GBD 2021 world standard 
population to adjust for age structure differences, ensuring comparability across studies.20

A descriptive analysis examined SEV, estimated deaths, and DALYs by risk factor level, SDI, GBD 21 regions, and 
204 countries and territories from 1990 to 2021. Temporal trends in age-standardized SEVs and DALYs were assessed 
using the EAPC with a 95% CI, calculated from a log-linear regression model:

where x is the calendar year and β represents the annual change in log-transformed ASRs. A positive EAPC with a 95% CI 
excluding zero indicates a significant upward trend, while a negative value indicates a decline.17,21 As a sensitivity analysis, 
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we compared the EAPC from log-linear regression with the average annual percentage change (AAPC) derived from joinpoint 
regression for the three major risk categories at the global level, using Joinpoint Regression Program (version 5.2.0.0, April 
2024; Statistical Research and Applications Branch, National Cancer Institute).

Spearman’s rank correlation was used to explore associations between SEV, age-standardized DALY rate (ASDR), 
and SDI. Gaussian process regression with a LOESS smoother was applied to estimate expected SEV and ASDR values 
across SDI levels.21 All analyses and visualizations were conducted using R (version 4.2.2).

Results
Global Exposure to Risk Factors Among WCBA
In 2021, among Level 2 risk factors, the highest global SEVs among WCBA were observed for high LDL cholesterol 
(44.71), air pollution (40.92), and dietary risks (33.99). At the Level 3 hierarchy, dietary risks showed particularly high 
exposure levels, especially diets low in milk (SEV 88.37) and low in omega-6 polyunsaturated fatty acids (77.75).

From 2010 to 2021, metabolic risks were the only Level 1 category showing an increase in age-standardised SEVs, 
with an EAPC of 1.69%. Within Level 2 metabolic risks, nearly all exposures increased, except for kidney dysfunction. 
High BMI and high FPG showed the fastest increases, with EAPCs of 1.89% and 1.57%, respectively. In contrast, most 
environmental and occupational risks declined, with air pollution showing the largest reduction (EAPC −1.42%). Among 
behavioural risks, drug use increased most rapidly (EAPC 3.16%), whereas tobacco exposure declined most sharply 
(EAPC −1.71%). Among specific risk factors, high BMI and diets high in sugar-sweetened beverages showed the 
steepest increases in exposure, with EAPCs of 1.83% and 1.79%, respectively (Table 1).

The joinpoint regression-derived AAPC estimates were highly consistent with the EAPC estimates for environmental/ 
occupational, behavioural, and metabolic risks, supporting the robustness of the overall temporal patterns (Table S1).

Global Burden Attributable to Risk Factors
In 2021, an estimated 1.10 million deaths and 108.0 million DALYs among WCBA were attributable to risk factors, 
accounting for 34.83% of total deaths and 26.52% of total DALYs in this population.

At the Level 2 category, unsafe sex was the leading contributor to mortality, with 326,051 attributable deaths, 
followed by dietary risks (201,280 deaths), high systolic blood pressure (149,159), air pollution (145,818), and high BMI 
(123,004). In terms of DALYs, unsafe sex contributed 19.84 million DALYs, followed by child and maternal malnutri
tion (17.81 million), high BMI (13.00 million), dietary risks (11.77 million), and occupational risks (10.14 million) 
(Figure 1 and Table S2). The disease outcomes associated with these risks varied; unsafe sex was predominantly linked to 
HIV/AIDS and neoplasms, whereas high BMI was associated with multiple conditions, including diabetes, cardiovas
cular diseases, respiratory disorders, and selected cancers.

Temporal Trends in Leading Level 3 Risk Factors
Between 1990 and 2021, the composition of the top 25 Level 3 risk factors contributing to DALYs among WCBA 
changed substantially. In 1990, iron deficiency ranked first, followed by unsafe sex and particulate matter pollution. By 
2021, unsafe sex became the leading contributor, accounting for 4.89% of total DALYs, followed by iron deficiency 
(3.36%), high BMI (3.19%), and high FPG (2.48%).

Among the top 25 risk factors, high BMI showed the largest relative increase in attributable DALYs (+150.2%), 
followed by high FPG (+135.24%). In contrast, the burden attributable to iron deficiency remained relatively stable over 
time, while particulate matter pollution declined substantially. Notably, only a small number of risk factors showed 
increasing trends in age-standardised DALY rates, including low birthweight and short gestation (EAPC 1.44%), high 
BMI (EAPC 1.14%), high FPG (EAPC 0.93%), and bullying victimisation (EAPC 0.74%). Among these, low birth
weight and short gestation showed the steepest increase in age-standardised DALY rates (Figures 2 and S1).
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Table 1 Summary Exposure Values and Temporal Trends of Major Risk Factors Among Women of Childbearing Age, 1990–2021

Level Risk Factors SEV in 1990 SEV in 2010 SEV in 2021 EAPC 1990 to 2021 EAPC 2010 to 2021

0 All risk factors 30.81 (30.71 to 30.9) 30.57 (30.49 to 30.65) 30.7 (30.62 to 30.78) −0.03 (−0.04 to −0.01) 0.1 (0.04 to 0.16)

1 Environmental/occupational risks 27.62 (27.52 to 27.71) 25.6 (25.52 to 25.67) 23.53 (23.46 to 23.59) −0.55 (−0.59 to −0.5) −0.87 (−0.97 to −0.76)

2 Unsafe water, sanitation, and handwashing 43.44 (43.33 to 43.55) 33.35 (33.27 to 33.44) 29.99 (29.91 to 30.07) −1.21 (−1.24 to −1.17) −0.98 (−1.02 to −0.95)
3 Unsafe water source 44.75 (44.64 to 44.87) 38.07 (37.98 to 38.16) 35.85 (35.77 to 35.94) −0.69 (−0.73 to −0.65) −0.56 (−0.59 to −0.53)

3 Unsafe sanitation 57.06 (56.93 to 57.19) 40.43 (40.34 to 40.53) 32.41 (32.33 to 32.49) −1.87 (−1.91 to −1.83) −2.04 (−2.09 to −1.98)

3 No access to handwashing facility 30.81 (30.71 to 30.9) 25.78 (25.71 to 25.86) 24.24 (24.17 to 24.31) −0.79 (−0.81 to −0.76) −0.58 (−0.63 to −0.53)
2 Air pollution 53.24 (53.12 to 53.37) 46.02 (45.92 to 46.12) 40.92 (40.83 to 41.01) −0.92 (−1.01 to −0.83) −1.42 (−1.77 to −1.07)

3 Particulate matter pollution 54.69 (54.56 to 54.82) 46.54 (46.45 to 46.64) 41.6 (41.51 to 41.69) −0.96 (−1.04 to −0.88) −1.37 (−1.72 to −1.01)

4 Ambient particulate matter pollution 18.74 (18.66 to 18.81) 24.32 (24.25 to 24.39) 27.64 (27.57 to 27.72) 1.65 (1.47 to 1.84) 0.76 (−0.43 to 1.97)
4 Household air pollution from solid fuels 35.99 (35.88 to 36.09) 25.22 (25.14 to 25.29) 18.98 (18.92 to 19.04) −2.44 (−2.63 to −2.24) −2.84 (−3.62 to −2.05)

3 Ambient ozone pollution 16.34 (16.25 to 16.43) 20.73 (20.65 to 20.82) 24.66 (24.57 to 24.74) 1.26 (1.13 to 1.4) 1.63 (1.28 to 1.99)

3 Nitrogen dioxide pollution 20.48 (0 to 49.28) 20.09 (0 to 50.31) 15.29 (0 to 43.66) −0.79 (−1.03 to −0.55) −3.05 (−3.67 to −2.43)
2 Non-optimal temperature 29.82 (29.73 to 29.91) 34.82 (34.74 to 34.91) 32.27 (32.19 to 32.35) 0.31 (0.2 to 0.41) −0.05 (−0.55 to 0.46)

3 High temperature 31.21 (31.11 to 31.3) 40.91 (40.82 to 41) 37.57 (37.49 to 37.66) 0.8 (0.62 to 0.99) 0.33 (−0.54 to 1.2)

3 Low temperature 24.72 (24.63 to 24.8) 25.34 (25.26 to 25.41) 24.04 (23.97 to 24.11) −0.2 (−0.29 to −0.12) −0.62 (−0.94 to −0.31)
2 Other environmental risks 32.4 (32.3 to 32.5) 30.03 (29.95 to 30.11) 25.92 (25.85 to 25.99) −0.72 (−0.82 to −0.63) −1.35 (−1.38 to −1.32)

3 Residential radon 24.15 (24.06 to 24.23) 23.76 (23.69 to 23.83) 23.67 (23.6 to 23.74) −0.07 (−0.07 to −0.06) −0.03 (−0.04 to −0.02)

3 Lead exposure 38.04 (37.91 to 38.18) 34.18 (34.08 to 34.29) 27.34 (27.26 to 27.43) −1.06 (−1.2 to −0.91) −2.03 (−2.09 to −1.98)

2 Occupational risks 2.71 (2.68 to 2.74) 2.88 (2.86 to 2.91) 2.85 (2.82 to 2.87) 0.1 (0.04 to 0.17) −0.17 (−0.24 to −0.1)

3 Occupational carcinogens 0.88 (0.86 to 0.89) 1.1 (1.08 to 1.11) 1.2 (1.18 to 1.21) 0.99 (0.95 to 1.03) 0.78 (0.73 to 0.82)

4 Occupational exposure to asbestos 0.09 (0.09 to 0.1) 0.09 (0.09 to 0.09) 0.08 (0.07 to 0.08) −0.74 (−0.93 to −0.55) −1.11 (−1.78 to −0.43)
4 Occupational exposure to arsenic 0.35 (0.34 to 0.36) 0.38 (0.37 to 0.39) 0.38 (0.37 to 0.39) 0.24 (0.19 to 0.3) 0 (0 to 0)

4 Occupational exposure to benzene 0.94 (0.92 to 0.96) 1.2 (1.18 to 1.21) 1.35 (1.33 to 1.37) 1.15 (1.13 to 1.18) 1.07 (1.02 to 1.12)
4 Occupational exposure to beryllium 0.07 (0.07 to 0.08) 0.08 (0.08 to 0.09) 0.08 (0.08 to 0.09) 0.33 (0.18 to 0.48) 0 (0 to 0)

4 Occupational exposure to cadmium 0.14 (0.13 to 0.15) 0.17 (0.17 to 0.18) 0.17 (0.17 to 0.18) 0.62 (0.5 to 0.74) 0 (0 to 0)

4 Occupational exposure to chromium 0.29 (0.28 to 0.3) 0.38 (0.37 to 0.39) 0.4 (0.39 to 0.41) 1.04 (0.96 to 1.13) 0.49 (0.34 to 0.64)
4 Occupational exposure to diesel engine exhaust 1.19 (1.17 to 1.21) 1.58 (1.57 to 1.6) 1.79 (1.77 to 1.8) 1.36 (1.32 to 1.39) 1.07 (1 to 1.14)

4 Occupational exposure to formaldehyde 0.87 (0.85 to 0.88) 1.1 (1.08 to 1.12) 1.16 (1.15 to 1.18) 0.94 (0.87 to 1.01) 0.47 (0.4 to 0.55)

4 Occupational exposure to nickel 0.33 (0.32 to 0.34) 0.35 (0.34 to 0.36) 0.34 (0.33 to 0.35) 0.03 (−0.04 to 0.09) −0.35 (−0.5 to −0.2)
4 Occupational exposure to polycyclic aromatic hydrocarbons 0.59 (0.58 to 0.61) 0.77 (0.76 to 0.78) 0.82 (0.81 to 0.84) 1.08 (1 to 1.15) 0.54 (0.44 to 0.63)

4 Occupational exposure to silica 2.86 (2.83 to 2.89) 2.9 (2.88 to 2.93) 2.78 (2.76 to 2.81) −0.11 (−0.16 to −0.06) −0.4 (−0.43 to −0.37)

4 Occupational exposure to sulfuric acid 0.81 (0.8 to 0.83) 0.88 (0.87 to 0.9) 0.86 (0.84 to 0.87) 0.11 (0.03 to 0.2) −0.26 (−0.32 to −0.19)
4 Occupational exposure to trichloroethylene 0.17 (0.16 to 0.17) 0.22 (0.21 to 0.22) 0.23 (0.23 to 0.24) 1.09 (1 to 1.18) 0.55 (0.31 to 0.78)

3 Occupational asthmagens 13.93 (13.86 to 13.99) 14.49 (14.44 to 14.55) 14.32 (14.27 to 14.37) 0.02 (−0.04 to 0.08) −0.18 (−0.28 to −0.08)

3 Occupational particulate matter, gases, and fumes 6.4 (6.35 to 6.44) 6.44 (6.4 to 6.48) 5.76 (5.73 to 5.8) −0.33 (−0.43 to −0.23) −1.05 (−1.1 to −1)
3 Occupational noise 6.22 (6.17 to 6.26) 6.59 (6.55 to 6.63) 6.26 (6.22 to 6.29) 0.01 (−0.06 to 0.08) −0.52 (−0.57 to −0.48)

3 Occupational ergonomic factors 18.02 (17.95 to 18.1) 16.32 (16.26 to 16.37) 14.59 (14.54 to 14.65) −0.84 (−0.94 to −0.73) −1.11 (−1.26 to −0.97)

(Continued)
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Table 1 (Continued). 

Level Risk Factors SEV in 1990 SEV in 2010 SEV in 2021 EAPC 1990 to 2021 EAPC 2010 to 2021

1 Behavioral risks 20.57 (20.49 to 20.65) 18.97 (18.91 to 19.04) 18.34 (18.28 to 18.4) −0.39 (−0.4 to −0.38) −0.3 (−0.33 to −0.26)

2 Child and maternal malnutrition 12.93 (12.87 to 12.99) 12.32 (12.27 to 12.37) 12.53 (12.48 to 12.58) −0.13 (−0.17 to −0.09) 0.16 (0.16 to 0.17)
3 Iron deficiency 12.76 (12.7 to 12.82) 12.09 (12.04 to 12.14) 12.26 (12.21 to 12.31) −0.16 (−0.2 to −0.12) 0.14 (0.13 to 0.14)

2 Tobacco 33.64 (33.54 to 33.73) 26.62 (26.55 to 26.7) 22.21 (22.15 to 22.28) −1.41 (−1.46 to −1.36) −1.71 (−1.78 to −1.63)

3 Smoking 10.48 (10.4 to 10.56) 6.9 (6.85 to 6.95) 5.32 (5.28 to 5.36) −2.32 (−2.39 to −2.25) −2.35 (−2.54 to −2.16)
3 Chewing tobacco 2.88 (2.84 to 2.93) 3.01 (2.97 to 3.04) 2.99 (2.96 to 3.02) 0.05 (−0.03 to 0.13) −0.04 (−0.26 to 0.17)

3 Secondhand smoke 54.82 (54.69 to 54.94) 45.97 (45.87 to 46.07) 39.6 (39.51 to 39.69) −1.12 (−1.18 to −1.07) −1.41 (−1.48 to −1.34)

2 High alcohol use 13.57 (13.51 to 13.64) 12.11 (12.05 to 12.16) 11.6 (11.55 to 11.65) −0.52 (−0.55 to −0.5) −0.38 (−0.46 to −0.31)
2 Drug use 0.54 (0.53 to 0.55) 0.47 (0.46 to 0.48) 0.63 (0.62 to 0.64) 0.19 (−0.12 to 0.5) 3.16 (2.78 to 3.54)

2 Dietary risks 36.15 (36.02 to 36.28) 33.81 (33.7 to 33.91) 33.99 (33.89 to 34.09) −0.22 (−0.26 to −0.19) 0.05 (0.01 to 0.1)

3 Diet low in fruits 43.27 (43.13 to 43.41) 40.08 (39.97 to 40.2) 40.33 (40.22 to 40.44) −0.28 (−0.32 to −0.24) 0.07 (−0.02 to 0.16)
3 Diet low in vegetables 30.53 (30.41 to 30.65) 25.18 (25.09 to 25.27) 26.69 (26.6 to 26.77) −0.47 (−0.61 to −0.32) 0.53 (0.38 to 0.67)

3 Diet low in legumes 36.77 (36.64 to 36.91) 30.12 (30.03 to 30.22) 29.76 (29.67 to 29.85) −0.77 (−0.85 to −0.68) −0.1 (−0.17 to −0.03)

3 Diet low in whole grains 33.14 (33.01 to 33.26) 35.22 (35.12 to 35.33) 36 (35.9 to 36.1) 0.28 (0.27 to 0.29) 0.19 (0.18 to 0.2)
3 Diet low in nuts and seeds 43.4 (43.26 to 43.55) 34.92 (34.82 to 35.03) 32.64 (32.54 to 32.73) −0.95 (−0.99 to −0.9) −0.67 (−0.74 to −0.59)

3 Diet low in milk 85.95 (85.76 to 86.15) 86.76 (86.6 to 86.93) 88.37 (88.21 to 88.53) 0.1 (0.08 to 0.12) 0.16 (0.15 to 0.17)
3 Diet high in red meat 23.11 (23.01 to 23.22) 24.79 (24.7 to 24.88) 24.7 (24.61 to 24.78) 0.34 (0.29 to 0.39) −0.04 (−0.18 to 0.1)

3 Diet high in processed meat 11.25 (11.18 to 11.33) 11.82 (11.76 to 11.88) 11.59 (11.53 to 11.65) 0.17 (0.12 to 0.22) −0.15 (−0.18 to −0.13)

3 Diet high in sugar-sweetened beverages 7.91 (7.84 to 7.97) 11.02 (10.96 to 11.08) 13.04 (12.98 to 13.1) 1.79 (1.74 to 1.84) 1.6 (1.49 to 1.71)
3 Diet low in fiber 40.7 (40.56 to 40.83) 35.16 (35.05 to 35.26) 30.23 (30.14 to 30.32) −1.07 (−1.18 to −0.95) −1.41 (−1.54 to −1.28)

3 Diet low in calcium 36.02 (35.89 to 36.15) 31.66 (31.56 to 31.76) 29.79 (29.7 to 29.88) −0.7 (−0.75 to −0.65) −0.57 (−0.71 to −0.44)

3 Diet low in seafood omega-3 fatty acids 55.58 (55.42 to 55.74) 47.5 (47.37 to 47.62) 43.04 (42.93 to 43.15) −0.95 (−1.02 to −0.89) −0.91 (−1.06 to −0.77)
3 Diet Low in Omega-6 Polyunsaturated Fatty Acids 79.72 (79.53 to 79.92) 78.1 (77.94 to 78.25) 77.75 (77.6 to 77.9) −0.1 (−0.1 to −0.09) −0.04 (−0.05 to −0.03)

3 Diet high in trans fatty acids 14.19 (14.11 to 14.27) 9.12 (9.07 to 9.18) 6.3 (6.26 to 6.35) −2.71 (−3.11 to −2.32) −3.05 (−4.86 to −1.21)

3 Diet high in sodium 28.15 (28.04 to 28.27) 27.69 (27.6 to 27.79) 26.31 (26.22 to 26.39) −0.23 (−0.26 to −0.2) −0.49 (−0.52 to −0.45)
2 Intimate partner violence 25.37 (25.28 to 25.46) 24.09 (24.02 to 24.16) 23.27 (23.2 to 23.34) −0.34 (−0.37 to −0.31) −0.32 (−0.37 to −0.26)

2 Childhood sexual abuse and bullying 8.52 (8.47 to 8.57) 9.83 (9.78 to 9.88) 9.04 (9 to 9.08) 0.62 (0.47 to 0.78) −0.32 (−1.35 to 0.72)

3 Childhood sexual abuse 6.97 (6.92 to 7.02) 6.89 (6.85 to 6.93) 6.53 (6.5 to 6.57) −0.03 (−0.1 to 0.03) −0.27 (−0.79 to 0.24)
3 Bullying victimization 7.77 (7.72 to 7.81) 9.83 (9.79 to 9.88) 8.74 (8.7 to 8.78) 0.98 (0.76 to 1.2) −0.47 (−1.86 to 0.93)

2 Low physical activity 13.38 (13.31 to 13.46) 14.33 (14.27 to 14.4) 15.84 (15.77 to 15.91) 0.65 (0.55 to 0.74) 0.93 (0.88 to 0.97)

1 Metabolic risks 12.22 (12.16 to 12.28) 16.74 (16.68 to 16.8) 20.11 (20.05 to 20.17) 1.63 (1.62 to 1.64) 1.69 (1.68 to 1.7)
2 High fasting plasma glucose 9.45 (9.38 to 9.51) 12.79 (12.72 to 12.85) 15.12 (15.05 to 15.19) 1.59 (1.57 to 1.61) 1.57 (1.53 to 1.6)

2 High LDL cholesterol 45.44 (45.3 to 45.59) 44.51 (44.39 to 44.63) 44.71 (44.59 to 44.82) −0.05 (−0.07 to −0.04) 0.04 (0.04 to 0.05)

2 High systolic blood pressure 21.97 (21.87 to 22.08) 22.33 (22.24 to 22.41) 25.08 (25 to 25.17) 0.39 (0.3 to 0.49) 1.11 (1 to 1.21)
2 High body-mass index 11.91 (11.85 to 11.97) 17.03 (16.97 to 17.09) 20.91 (20.85 to 20.97) 1.83 (1.82 to 1.84) 1.89 (1.88 to 1.9)

2 Low bone mineral density 28.07 (27.86 to 28.28) 27.59 (27.43 to 27.75) 27.61 (27.46 to 27.76) −0.04 (−0.07 to −0.02) 0.06 (0 to 0.12)

2 Kidney dysfunction 1.18 (1.16 to 1.21) 1.12 (1.11 to 1.14) 1.14 (1.12 to 1.16) −0.12 (−0.15 to −0.08) 0.05 (−0.08 to 0.18)

Notes: This table presents age-standardized SEVs for all Level 0–4 risk factors in 1990, 2010, and 2021, along with the estimated annual percentage change (EAPC) over two time intervals (1990–2021 and 2010–2021). SEVs quantify the 
population-weighted exposure to each risk factor on a scale from 0 to 100. EAPC values indicate temporal trends in exposure. Bold text denotes Level 0 and Level 1 risk-factor categories.
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Regional Variation in Risk Profiles
Marked heterogeneity in leading risk factors was observed across regions in 2021. High BMI was the leading Level 3 
risk factor in 10 regions, including East Asia, Western Europe, and Latin America, whereas unsafe sex ranked first in four 
sub-Saharan African regions. Iron deficiency was the predominant risk in Central and South Asia. Drug use was the 
leading risk factor in High-income North America, smoking in Central Europe, and high FPG in the High-income Asia 
Pacific region (Figure 3 and Table S3).

Geographic variation was also evident in exposure trends. High FPG was the fastest-growing risk in seven regions, 
while high BMI showed the largest increases in five regions, particularly in East and South Asia. Occupational 
ergonomic risks increased most rapidly in several Latin American regions, and drug use rose sharply in High-income 
North America and Central Europe. At the national level, high BMI was the leading Level 3 risk factor in 94 countries, 
followed by unsafe sex in 46 countries, smoking in 21 countries, and iron deficiency in 16 countries (Figure S2). For 
exposure, dietary risks—especially low milk consumption—ranked first in 142 countries (Figure S3).

Figure 1 Global deaths and DALYs attributable to major risk factors among WCBA in 2021. (A) Global attributable deaths from major Level 2 risk factors among women of 
childbearing age (WCBA) in 2021; (B) global attributable disability-adjusted life years (DALYs). Risk factors are ranked by total attributable burden.
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Figure 2 Temporal trends in age-standardised DALY rates for selected Level 3 risk factors among WCBA, 1990–2021. Risk factors are ordered by DALYs in descending order for 1990 and 2021. Lines connecting the same risk factor 
across time indicate rank changes: solid lines represent an increase or no change, while dashed lines indicate a decline. Colors indicate risk categories, with red representing environmental and occupational risks, blue representing 
behavioural risks, and green representing metabolic risks. EAPC values are presented numerically in the rightmost column. Pale shading for the rank-26 rows indicates risk factors outside the top 25 in one year that are included to 
preserve rank-transition continuity. 
Abbreviations: WCBA, women of childbearing age; DALYs, disability-adjusted life years; EAPC, estimated annual percentage change; LBW and short gestation, low birthweight and short gestation.
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Risk Factor Exposure and Burden by SDI
Risk factor profiles differed substantially across SDI quintiles. In 2021, unsafe sex, iron deficiency, and particulate matter 
pollution dominated in low-SDI regions; iron deficiency, unsafe sex, and high BMI in low-middle SDI regions; and high 
BMI, high FPG, and high alcohol use in high-middle and high-SDI regions. Drug use emerged as a leading contributor in 
high-SDI settings (Figures 3 and S4).

Across SDI levels, SEVs for metabolic and behavioural risks increased with rising SDI, whereas environmental and 
occupational exposures declined. Despite increasing exposure to metabolic and behavioural risks, age-standardised 
DALY rates for all three major risk categories generally decreased with higher SDI. Over time, from 1990 to 2021, 
SEVs for environmental and occupational risks declined across most SDI quintiles, whereas metabolic SEVs increased 
steadily at all SDI levels, particularly in high-SDI regions. Behavioural SEVs remained relatively stable or declined 
slightly, while their associated DALY rates decreased across all quintiles. In contrast, age-standardised DALY rates for 

Figure 3 Leading Level 3 risk factors for DALYs among WCBA by GBD region and SDI quintile in 2021. For each GBD region and SDI quintile, Level 3 risk factors are 
ranked by attributable DALYs from left (highest) to right (tenth). Risks are color-coded based on the EAPC in age-standardized DALY rates from 1990 to 2021. 
Abbreviations: WCBA, women of childbearing age; DALYs, disability-adjusted life years; GBD, Global Burden of Disease; EAPC, estimated annual percentage change; 
Bullying, bullying victimization; Low fruit intake, diet low in fruits; Sexual violence against children, childhood sexual abuse; Low vegetable intake, diet low in vegetables; Low 
whole grains, diet low in whole grains; High BMI, high body mass index; High FPG, high fasting plasma glucose; High LDL, high LDL cholesterol; High SBP, high systolic blood 
pressure; Partner violence, intimate partner violence; LBW & short gestation, low birthweight and short gestation; Ergonomic risks, occupational ergonomic factors; PM 
pollution, particulate matter pollution; SDI, Sociodemographic Index.
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metabolic risks showed modest overall declines but increased in high-SDI regions, indicating a divergence between 
exposure and burden (Figures 4 and S5).

Discussion
In this comprehensive analysis of 83 modifiable risk factors among WCBA across 204 countries, we observed a clear 
transition in the global risk profile over the past three decades. While traditional environmental and nutritional risks have 
declined or stabilised, metabolic risks have emerged as increasingly dominant contributors to disease burden. At the same 
time, reproductive and behavioural risks remain substantial, particularly in lower-SDI settings. Together, these findings 
reflect a complex and evolving risk landscape shaped by demographic, socioeconomic, and lifestyle transitions.

The increasing dominance of metabolic risks likely reflects global lifestyle changes associated with urbanisation, 
including higher intake of energy-dense foods, reduced physical activity, and sedentary behaviours.22,23 Importantly, high 
BMI and dysglycaemia increased consistently across most regions and SDI levels, and were among the few risk factors 
with rising age-standardised DALY rates. Given that these exposures accumulate during the reproductive years, they may 
have implications not only for chronic disease risk but also for pregnancy outcomes and intergenerational health.3,17,24–26 

These patterns highlight the need for earlier, prevention-oriented strategies targeting metabolic health before and during 
the reproductive period.

At the same time, the continued prominence of unsafe sex and iron deficiency underscores persistent inequities in 
access to essential health services and adequate nutrition, particularly in low- and low-middle SDI settings. Unsafe sex 
remained the leading contributor to DALYs globally, largely driven by HIV/AIDS and related conditions,27–29 while iron 
deficiency continued to reflect sustained nutritional vulnerability linked to menstruation and pregnancy.30–32 The 
coexistence of these risks with rising metabolic exposures suggests that many regions are experiencing a dual burden, 
requiring integrated approaches that address both traditional and emerging health challenges.

Figure 4 Risk factor exposure and attributable burden among WCBA across SDI levels in 2021. This figure displays the association between sociodemographic index (SDI) 
and risk factor exposure (SEVs) as well as age-standardised DALY rates for behavioural, metabolic, and environmental/occupational risk categories among WCBA in 2021. 
Solid lines represent expected values based on SDI, and points represent observed regional estimates.
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Behavioural risks showed mixed trends. While tobacco exposure declined markedly and alcohol use decreased in 
many regions, drug use increased rapidly, and low physical activity became more prevalent. These divergent patterns 
suggest that existing public health strategies have been effective for some established risks but less so for emerging or 
context-specific behaviours. Addressing these risks will require adaptive, multi-sectoral interventions that combine 
regulation, health promotion, and broader social policies.

Substantial heterogeneity across SDI levels further highlights the need for context-specific strategies.33,34 In lower- 
SDI regions, reproductive and nutritional risks remain dominant contributors to disease burden, whereas in higher-SDI 
settings, metabolic and behavioural risks play a more prominent role. Although age-standardised DALY rates generally 
decline with increasing SDI, the continued rise in metabolic exposures—particularly in high-SDI regions—suggests that 
current health systems are insufficiently focused on prevention, especially during early adulthood and the preconception 
period.22,23,35

From a policy perspective, these findings support a shift toward integrated, life-course approaches to prevention in 
WCBA. In lower-SDI settings, strengthening sexual and reproductive health services and scaling up nutrition pro
grammes remain critical. In higher-SDI regions, prioritising obesity prevention, improving dietary quality, and imple
menting early screening for metabolic risk factors are essential. Across all settings, integrating maternal health, non- 
communicable disease prevention, and behavioural risk reduction may provide the greatest opportunity to reduce long- 
term disease burden.

Several limitations should be considered when interpreting these findings. First, this analysis is based on estimates 
from the GBD 2021 study and depends on the availability and quality of underlying data, with greater uncertainty in low- 
income and conflict-affected regions and potential variation in national-level data quality. Second, as an ecological 
analysis based on country-level modeled estimates, the findings should not be interpreted at the individual level and may 
mask important within-country disparities by socioeconomic position, ethnicity, or urban-rural residence. Third, only risk 
factors included within the GBD framework were analysed, and some relevant social and contextual determinants of 
health were not captured. Fourth, incomplete coverage of the full 15–49 years age range for certain risk factors may have 
resulted in minor misclassification or underestimation. Last, estimates for 2020 and 2021 may have been influenced by 
pandemic-related disruptions to data collection, healthcare access, and risk-factor trajectories and should therefore be 
interpreted with caution.

Conclusions
In conclusion, a substantial proportion of disease burden among WCBA is attributable to a limited number of modifiable 
risk factors, with a marked shift towards metabolic risks alongside persistent reproductive and nutritional challenges. 
These findings highlight the need for context-specific prevention strategies: strengthening sexual and reproductive health 
services and nutritional interventions in low- and middle-SDI settings, while prioritising obesity prevention, healthy diet 
promotion, and early metabolic screening in higher-SDI regions. Future research should aim to validate these findings 
using independent cohort and surveillance data and to further elucidate causal pathways linking evolving risk exposures 
to health outcomes in this population.

Data Sharing Statement
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