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ABSTRACT

Gender inequality shapes women’s cancer outcomes through social, economic,
and health system factors. This study disaggregated the Gender Inequality Index
(GII) to identify which dimensions—reproductive health, educational attain-
ment, workforce participation, and political empowerment—independently
influence global female cancer outcomes.

We conducted an ecologic, cross-national analysis using data from 185 coun-
tries. Age-standardized female cancer mortality-to-incidence ratios (MIRs)
were derived from GLOBOCAN 2022. Independent variables included the com-
posite GII and its five components: maternal mortality ratio, adolescent birth
rate, female secondary education, labor force participation, and parliamentary
representation. Univariable (Bonferroni-corrected significance threshold
a = .01) and multivariable (« = .05) linear regressions assessed associations
between these indicators and MIR, adjusting for health system variables in-
cluding universal health coverage (UHC) index, gross domestic product (GDP)
per capita, workforce availability, health spending, and radiotherapy access.

Univariable analyses showed that GII and all components associated with higher
MIR (P < .001 for all except labor participation, P = .026). Upon examining GII
components in a multivariable model, higher adolescent birth rate (g = .0014,
P < .001), lower female secondary education (8 = —.0020, P < .001), and lower
women’s parliamentary representation (g = —.0022, P < .001) were indepen-
dently associated with higher female MIR (N = 168, R*> = 0.70). In fully adjusted
models accounting for national wealth and system capacity (N = 124,

2 = 0.88), higher UHC index (P < .001) and GDP per capita (P = .007) predicted
lower MIR, while adolescent birth rate may be positively associated (P = .084).

Structural gender inequalities, particularly those related to reproductive bur-
den, education, and political representation, are linked to poorer female cancer
outcomes. Advancing gender equity through reproductive health access, girls’
education, and women’s leadership is integral to improving cancer outcomes
globally.
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Cancer is among the leading causes of morbidity and mor-
tality globally, with an estimated 29.9 million new cancer
cases and 15.3 million deaths worldwide by 2040.%> The
global distribution of cancer burden is profoundly unequal:
lower- and middle-income countries are projected to bear
the majority of cancer-related mortality in the coming
decades.>® Additionally, in many cases women are dispro-
portionately affected by inequities in cancer care because of
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broad and diverse structural barriers.””** Gender inequality
shapes women’s cancer risk and outcomes through multiple,
intersecting pathways, ranging from early marriage and
adolescent pregnancy to lower educational attainment,
economic dependence, and restricted participation in deci-
sion making.7*o%

Although men continue to face higher overall cancer mor-

tality worldwide,** disparities in cancer care and survival
persist for women and demand attention.’* For example,
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CONTEXT

Key Objective
How is global gender inequality associated with cancer outcomes and which specific components of the Gender Inequality
Index (GlI) are independently associated with female pan-cancer mortality-to-incidence ratio (MIR) ratios globally?

Knowledge Generated

In univariable analyses across 185 countries, Gll and all five components were associated with higher female MIR (labor
force participation P = .026; others P < .001). In multivariable models (n = 168; R? = 0.70), higher adolescent birth rate and
lower women's parliamentary representation and secondary education were independently associated with higher MIR (all
P < .001). In a fully adjusted model including health-system covariates (n = 124; R?> = 0.88), higher Universal Health
Coverage Service Coverage Index (UHC index) and gross domestic product per capita were associated with lower MIR (P <
.001 and P = .007), and adolescent birth rate may be associated (P = .084).

Relevance
Findings can guide cancer-control planning by prioritizing investments and policy that expand UHC and strengthen re-
productive health, while aligning screening, diagnosis, and treatment programs with policies that reduce adolescent

pregnancy and improve girls’ education and women's representation in leadership.

cervical cancer mortality is several-fold higher in low-
human development index (HDI) versus very high-HDI
countries because of limited human papillomavirus vacci-
nation, screening, and timely treatment, despite cervical
cancer being largely preventable and highly curable when
detected early.'* These disparities are projected to grow in
the coming decades, with the steepest increases expected in
regions with low-HDI scores and limited progress on gender
equity.'>1¢

To address cancer disparities, significant attention has
been directed toward understanding the role of national
health systems in cancer control.’”-2° A recent study? found
that universal health coverage (UHC) and gross domestic
product (GDP) per capita are key independent indicators of
improved cancer outcomes, as measured by the mortality-
to-incidence ratio (MIR) across 185 countries. Importantly,
gender equity, as measured by the Gender Inequality Index
(GII), demonstrated a possible association with cancer
outcomes.”

The GII is a composite index developed by the United Nations
Development Program (UNDP) to capture gender-based
disadvantage in three dimensions: reproductive health,
empowerment, and labor market participation.?* Although
prior research suggests a possible association between GII
and female pan-cancer MIR,? the relative contributions of
the individual GII dimensions to cancer outcomes remain
unexplored. This knowledge gap is critical because identi-
fying the most influential aspects of gender inequality could
inform more targeted and effective policy interventions.

In this study, we examine the individual components of GII:

maternal mortality, adolescent birth rate, female secondary
education, female labor force participation, and political

2 | © 2026 by American Society of Clinical Oncology

representation. We sought to determine which components,
if any, are independently associated with cancer outcomes
among women, and whether the specific components of the
index provide information beyond the sum of the parts. We
also assess the stability of these associations after ac-
counting for broader health system characteristics previ-
ously shown to influence cancer control. Evaluating these
upstream factors is therefore critical to achieving equitable
cancer outcomes globally, a gap our analysis seeks to address
by disentangling which specific components of gender in-
equality most strongly predict women’s cancer survival
worldwide.

METHODS

We conducted an ecologic, cross-national analysis of female
cancer outcomes using publicly available global data sets.
Cancer incidence and mortality statistics were obtained from
the International Agency for Research on Cancer (IARC)
GLOBOCAN 2022 database. GLOBOCAN 2022 estimates site-,
sex- and age-specific cancer incidence and mortality for
185 countries by projecting recent national registry or
vital registration data to 2022 where available, and oth-
erwise deriving rates from subnational registries, modeled
mortality-to-incidence (or incidence-to-mortality) ratios
or neighboring-country proxies.' This approach ensures
internal consistency and comparability across countries
and over time. GLOBOCAN serves as a reference standard for
international comparisons of cancer burden and is widely
used in global oncology research and policy planning.*“ The
outcome variable was the female age-standardized MIR, a
proxy for cancer survival at the population level.?

The pan-cancer MIR was calculated as the ratio of the pan-
cancer age-standardized mortality rate (ASMR) to the pan-
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TABLE 1. Univariable Comparisons Between GlI, GIl Breakdown Components, and Female Pan-Cancer Mortality-to-Incidence Ratio

Predictor Beta Lower ClI Upper Cl P Countries With Data
Gll 0.6764 0.616 0.737 <.001 165
Maternal mortality ratio 0.000478 0.000398 0.000558 <.001 175
Adolescent birth rate 0.00290 0.00251 0.00330 <.001 176
Share of seats in parliament held by women —0.00391 —0.00572 —-0.00210 <.001 176
Female labor participation -0.00175 —-0.00328 -0.000215 .026 168
Proportion with secondary education —0.00382 —0.00430 —0.00334 <.001 168

Abbreviation: Gll, Gender Inequality Index.

cancer age-standardized incidence rate (ASIR) among
women (MIR = ASMR/ASIR), consistent with prior global
cancer outcomes studies.>22

Independent variables included the GII from 2022, which is
defined and reported by the UNDP. The GII was introduced
by the UNDP in the Human Development Report 2010 to
quantify gender-based disadvantage across three dimen-
sions: reproductive health (maternal mortality ratio and
adolescent birth rate), empowerment (female secondary
education and share of parliamentary seats held by women),
and labor market participation (female labor force partici-
pation rate). The GII measures the loss in potential human
development because of inequality between women and
men, with values ranging from 0 (perfect equality) to 1
(complete inequality).>»*3

UNDP validates the GII through annual methodologic re-
views, data quality checks, and cross-source harmonization
using inputs from international databases including WHO,
the World Bank, UNESCO, and others.?> The methodology
employs normalization and geometric aggregation to bal-
ance indicators of differing units, ensuring cross-country
comparability.?? Since its inception, the core structure of the
GII has remained stable, although periodic revisions are
made to update indicator definitions, improve data com-
pleteness, and expand country coverage as new data sources
become available.?

We explored the GII’s five components: maternal mortality
ratio (deaths per 100,000 live births), adolescent birth rate
(annual number of live births per 1,000 women age 15-
19 years, reflecting reproductive health and social conditions
among adolescent girls), proportion of parliamentary seats
held by women, female labor force participation (age 15 years
and older), and percentage of women with secondary edu-
cation (age 25 years and older), all using data from the
UNDP’s 2022 estimates of GII.

We conducted univariable linear regression analyses to
evaluate the association between female pan-cancer MIR
and the GII, as well as each of its five individual compo-
nents. Statistical significance was defined as « = .01 using
Bonferroni correction to account for five comparisons.
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We then constructed multivariable models to assess the
independent associations between GII components and fe-
male cancer MIR. Given the ecologic nature of the analysis, a
significance threshold of « = .05 was applied for the mul-
tivariable models.

A subsequent multivariable model additionally adjusted for a
comprehensive set of health system indicators, including
UHC index, GDP per capita, health expenditure as a per-
centage of GDP, clinical workforce capacity (physicians,
nurses and midwives, and surgeons), availability of pa-
thology and radiotherapy services, and out-of-pocket health
expenditure as a proportion of total health expenditure (« =
.05). Data sources for these variables have been previously
described.»?425

Multicollinearity in multivariable models was evaluated
using variance inflation factors (VIF). We excluded vari-
ables with VIF > 10.>5-27 Model fit was assessed using R
Analyses were conducted using Stata S/E (version 16.1).

RESULTS

Data on female cancer age-standardized incidence and
mortality were available from 185 countries via IARC GLO-
BOCAN 2022. Data availability for gender inequality com-
ponents and health system metrics ranged from 165 to 176
countries (Table 1).

On univariable analysis, greater maternal mortality ratio was
associated with greater pan-cancer MIR (Fig 1A). Greater
adolescent birth rate was also associated with greater pan-
cancer MIR among women (Fig 1B). In contrast, a greater
share of seats in parliament was weakly associated with
lower pan-cancer MIR among women (Fig 1C). Additionally,
the proportion of women with secondary education was also
associated with lower pan-cancer MIR among women
(Fig 1D; P < .001 for all, Table 1). Only female labor force
participation (Fig 1E) was not associated with female pan-
cancer MIR (P = .026).

On multivariable analysis, the independent components
of gender inequality (particularly those reflecting re-
productive burden, educational attainment, and political
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FIG 1. Univariable associations between the outcome and the GlI and its five component indicators: (A) maternal mortality ratio, (B) ado-
lescent birth rate, (C) proportion of parliamentary seats held by women, (D) proportion of women with at least secondary education, and (E)
female labor force participation. Gll, Gender Inequality Index; MIR, mortality-to-incidence ratio.

representation) were significantly associated with female power), adolescent birth rate (8 = .0014, P < .001), lower
cancer outcomes. In the multivariable model of GII com- female parliamentary representation (8 = —.0022, P < .001),
ponents (N = 168, R* = 0.70 indicating strong predictive and lower female educational attainment (8 = -.0020,
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TABLE 2. Multivariable Analysis of Gender Inequality Index Component Metrics and Their Association With Pan-Cancer Mortality-to-Incidence

Ratio (N = 168, R? = 0.7029)

Predictor Beta Lower ClI Upper CI P VIF
Maternal mortality ratio 0.000063 —0.0000289 0.000155 178 2.96
Adolescent birth rate 0.00143 0.000857 0.00199 <.001 2.49
Share of seats in parliament held by women —-0.00223 —-0.00334 -0.00113 <.001 2.37
Proportion with secondary education —0.00203 —0.00269 —-0.00137 <.001 1.05

Abbreviation: VIF, variance inflation factors.

P < .001) remained independently associated with higher
female MIR (Table 2). VIF values were all <3, suggesting
limited multicollinearity.

A final multivariable model adjusting for both gender
inequality components and broader health system met-
rics (N =124, R* = 0.88) revealed that greater UHC index
(B = —.0042, P < .001) and GDP per capita (B = —1.14E-06,
P = .007) were independently associated with lower female
MIR (Table 3). Among the GII components, higher ado-
lescent birth rate trended toward an association with higher
female MIR after adjustment for health system covariates
(P = .084). VIF values across all predictors remained ac-
ceptable (all with VIF <7.5), and no variable was excluded
for multicollinearity.

DISCUSSION

This global analysis found that several gender inequality
indicators, including higher adolescent birth rate, higher
maternal mortality ratio, lower proportion of secondary
education for women, and lower representation in national
parliaments by women, were linked to higher female cancer
MIRs in univariable models. When modeled together, ado-
lescent birth rate, education, and parliamentary

representation remained independently significant of each
other, with adolescent birth rate trending toward an asso-
ciation with higher MIRs even after accounting for national
wealth and health system characteristics. These results shed
light on the complex and multifaceted nature of gender
inequality and its role in shaping population-level cancer
outcomes for women.>7*°

High adolescent birth rates and elevated maternal mortality
often signal deeper weaknesses in reproductive and ma-
ternal health services.?® These deficiencies may limit access
to early diagnosis and timely cancer care, as countries with
underdeveloped reproductive health systems frequently
exhibit parallel deficiencies in screening, vaccination, and
treatment infrastructure for women’s cancers such as
cervical and breast cancer.’>'¢2?° The Philippines, for ex-
ample, leads Southeast Asia in breast cancer mortality and
exhibits among the highest cervical cancer rates in the
region“; low rates of screening, associated with high out-
of-pocket costs and sociocultural contexts,?® are likely
associated with the high proportions of advanced stage at
diagnosis (>50% for breast cancer, >70% for cervical
cancer).?*3° Strengthening reproductive and maternal
health systems, such as through investments in primary
care, contraception access, and women-centered health

TABLE 3. Multivariable Model of Gender Inequality Index Components and Broader Health Systems Variables (N = 124, R? = 0.8767)

Predictor Beta Lower ClI Upper ClI P VIF
Health spending as % of GDP —0.00160 —0.00625 0.00306 498 7.2

Physicians per 1,000 population —0.00460 -0.0182 0.00905 506 593
Nurses/midwives per 1,000 population —0.00499 -0.0102 0.000193 .059 5.46
Surgical workforce per 1,000 population —0.000158 —0.000710 0.000395 573 4.69
UHC index —-0.00419 —0.00590 —-0.00248 <.001 4.26
Pathology services (yes v no) —-0.00925 —-0.0434 0.0249 593 3.55
RT centers per 1,000 population -9.59 =223 3.08 137 3.45
GDP per capita —1.14E-06 -1.97E-06 —3.20E-07 .007 3.02
Out of pocket (%) —8.57E-06 —0.000758 0.000741 .982 2.38
Maternal mortality ratio 1.53E-06 —0.000082 0.000085 971 1.88
Adolescent birth rate 0.000436 —0.0000594 0.000932 .084 1.62
Share of seats in parliament held by women 0.000530 —0.000595 0.00166 352 1.55
Proportion with secondary education —0.000061 —0.000807 0.000685 872 1.43

Abbreviations: GDP, gross domestic product; RT, radiotherapy; UHC, Universal Health Coverage; VIF, variance inflation factors.
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delivery, has been shown to yield broad downstream im-
provements in women’s health, including reductions in
preventable mortality and gains in cancer prevention and
survival.”3°

Lower educational attainment and reduced political repre-
sentation among women were also found to be associated
with worse female cancer outcomes. This is consistent with
prior work showing that social and political power directly
affect women’s ability to seek and receive medical care.”8:3
In many countries, women may face legal or cultural re-
strictions that prevent them from accessing services inde-
pendently; in many settings, women need permission from
male relatives before seeing a doctor, which delays timely
diagnoses and treatments.” For instance, in Afghanistan,
women’s access to health facilities is often contingent on
being accompanied by a male guardian.>>3? In Pakistan,
sociocultural norms similarly limit women’s health-seeking
autonomy, with national surveys showing that more than
half of married women report needing spousal or familial
permission to obtain medical care, contributing to delays in
cancer screening and treatment.?* These findings align with
global evidence that cancer disparities are not only a function
of clinical gaps but are also shaped by broader patterns of
social inequality.”**

Previous work has found a direct relationship between more
female political participation and improved population
health outcomes. One ecologic study that evaluated female
political participation across Canadian provinces found that
as the cumulative average percentage of women rose in
government, total mortality rates for both male and female
populations decreased.?®> A cross-analysis of 49 European
countries also found that greater female political repre-
sentation was associated with better population health and
smaller inequalities (lower infant mortality, narrower self-
reported health gaps, fewer pollution-related diability ad-
justed life years, and higher life expectancy) for both women
and men.>* Taken together, these findings suggest that
expanding women’s political representation, via leadership
pipelines and equitable governance, may be a powerful,
system-level lever to advance cancer control and equity,
even as causal pathways warrant further examination.?'8:3°

Interestingly, female labor force participation did not show
a significant relationship with MIRs after correcting for
multiple potential confounders. This suggests that em-
ployment alone does not guarantee power or autonomy.37:38
A study from Nepal found that women’s participation in
household decision making and control over personal
health care were limited despite high rates of economic
activity.” In some settings, women may work with limited
control over their income or health decisions, which limits
any potential benefit from economic participation.” Addi-
tionally, we acknowledge that the systematic undercounting
of informal (especially female) work may blunt the observed
association between women’s labor participation and
MIRs.**

6 | © 2026 by American Society of Clinical Oncology

Our findings have practical implications for both health
systems and policy.*® By identifying adolescent birth rate,
women’s secondary education, and parliamentary rep-
resentation as independent predictors of female cancer
outcomes, this analysis may help to guide prioritization of
interventions that integrate gender equity goals into na-
tional cancer control planning.”*®4°-43 Strengthening re-
productive health programs, improving access to girls’
education, and promoting women’s participation in lead-
ership and governance may yield synergistic benefits for
early detection, treatment access, and survival.“°~42 Although
our analysis reflects cross-sectional data, trends in indi-
cators over the past two decades show gradual declines in
adolescent birth rates and rising female education levels in
many regions,** suggesting that continued investments in
these domains could translate into long-term reductions in
cancer mortality among women.

An example of this integrated, equity-oriented approach can
be seen in the work of the ICanServe Foundation in the
Philippines, which has demonstrated how civil society
leadership and women’s advocacy can drive both access to
cancer screening and care, as well as broader inclusive cancer
policy reforms.?° Majority of ICanServe’s leadership, polit-
ical partners, and patient navigators are female, serving as
an example of women’s leadership in health governance.
Such efforts can link grassroots education, early detection
programs, and legislative engagement to tangible im-
provements in access and outcomes for women with
cancer.>°

There are several limitations to this study. Because the data
are ecologic, the results describe national trends and do not
allow for conclusions about individuals. Nevertheless, we
intentionally relied on data from GLOBOCAN, the United
Nations, and the World Bank to elucidate macrolevel pat-
terns. Although multicollinearity was addressed and VIFs
remained within acceptable levels, the overlap between
gender inequality and broader health system indicators
makes it difficult to fully separate their effects.

Indeed, because this study used national-level data, the
associations observed are inherently diffuse and reflect the
complex interplay of social, economic, and health system
determinants rather than individual-level causation. The
spread of data points across countries underscores the
intersectionality of these structural factors and the con-
textual heterogeneity inherent to real-world global data
sets.’** Accordingly, the observed relationships should be
interpreted as ecologic associations that highlight broad
patterns rather than precise causal effects.

Additionally, the meaning of variables such as labor force
participation or education may vary between countries.
Informal work, for example, is often undercounted in na-
tional surveys, which may obscure the true relationship
with cancer outcomes. Future work should explore how
gender inequality interacts with national health system
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capacity, social policy, and cultural context to shape
women’s cancer outcomes, ideally through longitudinal
and mixed-methods approaches that can disentangle these
complex relationships.

Finally, because this study examined aggregate, pan-cancer
outcomes, the analysis does not capture site-specific pat-
terns that may differ across cancer types. In particular,
breast and cervical cancers, two leading causes of female
cancer death worldwide, are shaped by distinct biologic,
behavioral, and health system factors that may interact
differently with gender inequality.”*+*> Future site-level
analyses could therefore clarify whether the same social
determinants identified here exert comparable effects on
specific cancers, and whether tailored gender-equity in-
terventions could yield greater impact for these priority
diseases.

Future research should further elucidate the pathways
through which gender inequality shapes cancer outcomes
across the cancer control continuum.” Although our find-
ings demonstrate associations between gender inequality
indicators and female cancer MIRs, additional work is
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needed to clarify the mechanisms linking these structural
factors to cancer outcomes. Gender inequality may influ-
ence multiple stages of cancer control, including risk ex-
posure, screening uptake, diagnosis, treatment access, and
survivorship, through pathways related to health literacy,
decision-making autonomy, economic dependence, and
sociocultural norms. In addition, studies incorporating
subnational data and intersectional frameworks may pro-
vide deeper insight into how gender inequality operates
within countries, including differences related to rural
versus urban residence, socioeconomic status, and eth-
nicity and how these factors shape access to cancer care and
outcomes.

In conclusion, structural gender inequality, particularly in
areas related to reproductive health, education, and political
representation, appears to contribute to national-level
differences in female cancer outcomes. Efforts to improve
cancer survival must go beyond health system reforms and
also address barriers that limit women’s power and access to
resources. Policies that integrate cancer care with broader
goals of gender equity may be important for reducing
mortality worldwide.
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