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Abstract

Introduction: Breast cancer is the most common malignancy among Iranian women,
with shifting epidemiological patterns. This study aimed to analyze age-period-cohort
(APC) effects on breast cancer incidence and mortality among Iranian women aged 30—
69 years and assess temporal trends in attributable risk factors.

Methods: This ecological study utilized Global Burden of Disease (GBD) 2021 estimates
for Iranian women (1992-2021). APC analysis was conducted using the National Cancer
Institute’s APC Web Tool. Joinpoint regression was used to estimate the Average Annual
Percentage Change (AAPC) in Disability-Adjusted Life Years (DALYS) attributable to
key risk factors.

Results: The age-standardized incidence rate increased from 22.39 to 52.87 per 100,000
population between 1992 and 2021, with a significant net drift of 3.59% (95% CI: 3.16—
4.02%). The age-standardized mortality rate increased from 6.68 to 9.42 per 100,000
population, with a net drift of 1.59%. Metabolic risk factors, particularly high body mass
index (AAPC: 3.73%) and high fasting plasma glucose (AAPC: 3.03%), showed the
steepest rises in attributable DALYSs.

Conclusion: Breast cancer incidence in Iran increased substantially, driven by significant
period effects, while mortality rose more slowly. The parallel increase in metabolic risk-
attributable DALYs highlights the need for targeted prevention strategies, though
individual-level causality requires further clinical validation.
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Introduction

Breast cancer remains the most commonly
diagnosed malignancy among  women
worldwide. According to GLOBOCAN 2022
estimates, approximately 2.3 million new cases
and 670,000 deaths from female breast cancer
occurred globally in 2022, accounting for
23.8% of all cancer cases and 15.4% of all
cancer deaths in women (1, 2)In the Middle
East and North Africa (MENA) region,
outcomes are often compromised by late-stage
diagnosis and limited healthcare resources (3).
In Iran, rising incidence rates have been linked
to urbanization, dietary shifts, and changes in
reproductive patterns  (4)The Age-Period-
Cohort (APC) model is a powerful tool to
disentangle temporal effects, identifying
vulnerable  populations and  generating
hypotheses regarding population-level changes
(5). While previous studies explored lifestyle
impacts, few have simultaneously analyzed
APC effects for both incidence and mortality
alongside attributable risk factors. This study
aims to investigate breast cancer trends among
Iranian women aged 30—69 years using APC
analysis and evaluate temporal changes in
GBD-attributable risk factors to inform future
prevention strategies.

Materials and Methods

This secondary ecological analysis utilized
modeled estimates from the GBD 2021 study
for Iranian women aged 3069 years from 1992
to 2021. Data included incident cases, deaths,
and population estimates stratified by five-year
age groups and calendar periods.
Age-standardized incidence and mortality rates
were obtained from the Global Burden of
Disease (GBD) 2021 estimates and expressed
per 100,000 population. Both rates were
standardized using the same reference standard
population to facilitate consistent comparisons
of temporal trends in breast cancer incidence
and mortality.

Temporal trends in incidence and mortality
were analyzed using the APC model via the
National Cancer Institute’s APC Web Tool (5).
This log-linear Poisson regression framework
estimates age, period, and cohort effects,
calculating the "net drift" (overall annual
percentage change) and "local drifts" (age-
specific changes). Reference groups were set to
the 45-49 age group, 2002—-2006 period, and
1957 birth cohort.

Additionally, an ecological analysis assessed

Disability-Adjusted Life Years (DALYSs)
attributable to six modifiable risk factors (high
red meat intake, high BMI, high fasting plasma
glucose, low physical activity, secondhand
smoke, and smoking). Trends in age-
standardized DALY rates were analyzed using
Joinpoint Regression Program v5.4.0.0 (NCI).
The log-linear model used constant variance
and up to three joinpoints, selected by a Monte
Carlo permutation test. APC was calculated as
{exp(bi)—1} %100, and AAPC as the segment-
length-weighted average of APCs; the APC for
each interval between joinpoints represents the
annual change in that period. Alcohol use was
excluded due to near-zero estimates.

Results

Over the study period, the age-standardized
incidence rate of breast cancer increased from
22.39 to 52.87 per 100,000. The APC analysis
revealed a significant overall upward trend with
an annual net drift of 3.59% (95% CI: 3.16—
4.02%; p < 0.001; Table 1). Local drifts (age-
specific annual percent changes) were positive
in every age group, rising from 3.04% per year
(95% CI: 1.66—4.44) in the 30-34 age group to
4.33% per year (95% CI: 3.38-5.29) in the 65—
69 age group (Figure 1A; the shaded band
shows the 95% CI of the local drift in each age
group). The incidence rate ratio for the 1987
birth cohort relative to the 1957 reference
cohort was 2.50 (95% CIL. 1.64-3.77).
Nonlinear age and period effects were
significant (p < 0.001 and p = 0.002,
respectively), while the nonlinear cohort effect
was non-significant (p = 0.973) (Figure 2A).
Mortality increased from 6.68 to 9.42 per
100,000, exhibiting a modest net drift of 1.59%
(95% CI: 0.59-2.60%; p = 0.002; Table 1).
Mortality local drifts rose from 0.95% per year
(95% CI: -2.85-4.90) in the 30-34 age group to
2.41% per year (95% CI: 0.72—4.13) in the 65—
69 age group (Figure 1B). Only the nonlinear
age effect was significant for mortality (p =
0.046) (Figure 2B).

Regarding attributable burden, metabolic risk
factors showed the steepest upward trajectories.
High BMI (AAPC: 3.73%, 95% CI: 3.60-3.86)
and high fasting plasma glucose (AAPC:
3.03%, 95% CI: 2.94-3.11) demonstrated the
highest average annual increases, with peak
APCs of 6.51% and 5.18%, respectively. High
red meat consumption contributed substantially
to the absolute burden but had a lower AAPC
(1.01%). A sharp decline in DALYs
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attributable to all evaluated risk factors

occurred between 2019 and 2021 (Figure 3).

Table 1: Net drift and local drifts of breast cancer incidence and mortality among Iranian women aged
30—69 years, Iran, 1992-2021 (APC Web Tool). Drifts are annual percent changes (% per year).

Outcome Net drift, % per P-value Local drift, age 30-34, % | Local drift, age 65-69, %
year (95% CI) per year (95% CI) per year (95% CI)

Incidence 3.59 (3.164.02) <0.001 3.04 (1.66-4.44) 4.33 (3.38-5.29)

Mortality 1.59 (0.59-2.60) 0.002 0.95 (-2.85-4.90) 2.41(0.72-4.13)

A Incidence

Percent per Year

19(3):73-92

B Mortality

Local Drifts with Net Drift Local Drifts with Net Drift

o] /O

Percent per Year

Age Age
Figure 1: Local drifts and net drift of breast cancer incidence (A) and mortality (B) among Iranian
women aged 30—69 years, 1992-2021. X-axis: age in years (each point is plotted at the midpoint of a 5-
year age group); y-axis: annual percent change (% per year). Circles and line: local drifts (age-specific
annual percent change); gray band: 95% CI of the local drifts; solid horizontal line: net drift (overall
annual percent change); dashed horizontal lines: 95% CI of the net drift. Numerical net drift values are

given in Table 1.
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Figure 2: Age, period and cohort effects on breast cancer incidence (A) and mortality (B) among Iranian
women aged 30-69 years, 1992-2021. Left: longitudinal-to-cross-sectional rate ratios by age group;
middle: period rate ratios relative to the 2002-2006 reference period; right: cohort rate ratios relative to
the 1957 birth cohort. Lines are rate-ratio estimates, shaded bands are 95% Cls.
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Figure 3: Trends in age-standardized DALY rates attributable to selected risk factors for
female breast cancer, Iran, 1992-2021 (GBD 2021, women of all ages). Y-axis: DALYSs per
100,000 women; x-axis: calendar year.

Discussion

This study demonstrates a substantial increase
in breast cancer incidence among Iranian
women, with a considerably slower rise in
mortality. The significant period effect suggests
that external population-level influences, such
as improved cancer registration, increased
mammography access (potentially leading to
overdiagnosis), and widespread societal shifts
like rapid urbanization and adoption of Western
dietary patterns, have influenced breast cancer
risk across all age groups (6, 7).

The parallel upward trend in DALYs
attributable to metabolic risk factors (high BMI
and fasting plasma glucose) aligns with the
rising incidence. The prevalence of obesity
among Iranian women has reached alarming
levels, underscoring the potential role of
metabolic dysregulation in breast cancer
development (8). Furthermore, while metabolic
factors exhibited the steepest relative growth,
excessive red meat consumption remains the
leading dietary driver in terms of absolute
burden, consistent with previous local studies
9).

However, these ecological associations cannot
establish  individual-level causality. The
observed trends likely reflect a mixture of true
epidemiological changes and surveillance

artifacts, such as improved data quality and
diagnostic practices. Importantly, the APC
model identified a positive age deviation at 45—
49 years (Wald test of nonlinear age effects: p
< 0.001; largest positive deviation +0.325 on
the log-rate scale for incidence and +0.237 for
mortality). An age deviation is the departure of
the log rate at a given age from the linear age
trend, estimated after removing the linear
component; it describes the shape of the age
curve. It is not equivalent to the local drift,
which is the annual percent change of the rate
over time within an age group and was highest
at 65—69 years (4.33% per year), nor to the
absolute incidence, which is also highest in the
oldest ages, nor to the relative rate change
between age groups. The positive deviation at
45-49 years therefore indicates that the age
curve at this age lies above the fitted linear age
gradient, not that incidence is rising fastest or is
highest at this age, and it should not be used to
dictate screening initiation ages without formal
cost-effectiveness evaluations.

Conclusion

Breast cancer incidence in Iran has increased
substantially over the past three decades, driven
by significant period effects, while mortality
has risen more modestly. The concurrent rise in
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metabolic risk-attributable DALY's highlights
the urgent need for targeted public health
interventions addressing obesity and metabolic
health. However, these population-level trends
require validation through individual-level
epidemiological studies. Future prospective
cohort and case—control studies should examine
the individual-level association of obesity
(BMI, waist circumference, weight change) and
metabolic indicators (fasting glucose, insulin
resistance, diabetes, metabolic syndrome),
together with diet (e.g., red meat), physical
activity, reproductive factors, and tobacco
exposure, with breast cancer incidence,
adjusting for confounders and stratifying by age
and menopausal status; registry-based studies
with stage and screening data are also needed to
separate true incidence changes from screening
effects and overdiagnosis before these findings
inform  evidence-based  screening  and
prevention policies.
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Figure 1: Age-Period-Cohort (APC) plots of breast cancer incidence rates, presented across four complementary dimensions. (A) Age-Cohort Plot: Incidence

rate (log. per 100,000) by age for successive birth cohorts (1925-1989). (B) Age-Period Plot: Incidence rate (log. per 100,000) by age for different periods. (C)
Cohort-Age Plot: Incidence rate (log. per 100,000) across cohorts and ages. (D) Period-Age Plot: Incidence rate (log per 100,000) across periods and ages.
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Figure 2: Age-Period-Cohort (APC) plots of breast cancer mortality rates, presented across four complementary dimensions. (A) Age-Cohort Plot: mortality rate
(log. per 100,000) by age for successive birth cohorts (1925-1989). (B) Age-Period Plot: mortality rate (log. per 100,000) by age for different periods. (C) Cohort-
Age Plot: mortality rate (log. per 100,000) across cohorts and ages. (D) Period-Age Plot: mortality rate (log. per 100,000) across periods and ages.
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Table 1: Net drift and local drifts of breast cancer incidence and mortality among Iranian women aged
30—69 years, 19922021 (APC Web Tool); drifts are annual percent changes (% per year).

Outcome Net drift, % per year P-value Local drift, age 30-34, | Local drift, age 65-69,
(95% CI) % per year (95% CI) | % per year (95% CI)

Incidence 3.59(3.16-4.02) <0.001 3.04 (1.66-4.44) 4.33(3.38-5.29)

Mortality 1.59 (0.59-2.60) 0.002 0.95 (-2.85-4.90) 2.41(0.72-4.13)

A Incidence
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Figure 3: Local drifts and net drift of breast cancer incidence (A) and mortality (B) among
Iranian women aged 30—69 years, 1992-2021. X-axis: age (years; midpoint of each 5-year age
group); y-axis: annual percent change (% per year). Circles/line: local drifts; gray band: 95%

CI of local drifts; solid horizontal line: net drift; dashed lines: 95% CI of net drift. The y-axis
scales differ between panels. Values are given in Table 1.
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Figure 4: Age, period and cohort effects on breast cancer incidence (A) and mortality (B) among Iranian
women aged 30-69 years, 1992-2021. Left: longitudinal-to-cross-sectional rate ratios by age group;
middle: period rate ratios relative to the 2002—2006 reference period; right: cohort rate ratios relative to
the 1957 birth cohort. Lines are rate-ratio estimates, shaded bands are 95% Cls.
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Figure 5: Trends in age-standardized DALY rates attributable to selected risk factors for female breast
cancer, Iran, 1992-2021 (GBD 2021, women of all ages). Y-axis: DALYs per 100,000 women; x-axis:

calendar year.
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Supplementary Table S1: Wald Test Results for Nonlinear Age, Period, and Cohort Deviations in Breast
Cancer Incidence and Mortality Among Iranian Women Aged 30-69 Years, 1992-2021.

Outcome | Effect v | df P- Largest positive Largest negative
value deviation deviation
Incidence Age 94.32 | 8 | <0.001 45-49 years 30-34 years
(+0.325) (-0.415)
Period |16.84| 6 | 0.002 | 1992-1996 (+0.112) | 2002-2006(- 0.108)
Cohort | 3.89 |11 | 0.973 — -
Mortality Age 12.83 | 8 | 0.046 45-49 years 30-34 years
(+0.237) (—0.369)
Period 333 | 6 | 0.505 — —
Cohort 1.07 | 11| 0.999 — —
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Supplementary Table S2: Annual Percentage Change (APC) and Average Annual Percentage Change
(AAPC) in Age-Standardized DALY Rates Attributable to Breast Cancer Risk Factors Among Iranian

Risk . APC AAPC . . APC AAPC
factor Period (95% CI) p-value 95% CI) Risk factor| Period 5% CI p-value 95% CI)
1992-1995] 0.60(-0.42, 2.47) | 0.22 1992-2003 | 1.92(1.35,2.28) | 0.005
Diet high L2252002|-LO3C2.31, -0.64)| 0.04 2003-2016 | 6.51(1.74, 6.98) | 0.008
inred  [2202:2007] 2.01(0.58.329) [ 001 |, ) 000 | 1y [High body-[ 20162019 2.35(1.78, 6.96) [ <0.001 }3.73(3.60. 3.86)
meat | 2007-2015] 4.05(3.70,4.89) | <0.001] "o\ 2 o o mass index| 20192021 |-1.73(4.00. 10D | 0212 (p-value<0.001)
2015-2019] 0.49(-0.05, 1.41) | 0.07
2019-2021|-4.48(-6.17, 2.67)| <0.001
1992-1996] 2.69(2.20, 3.66) | <0.001 1992-1995 | 0.65(-0.34, 2.47) | 0.194
1996-2000] 0.86(-0.05, 1.49) | 0.064 1995-2002 | 0.67(-2.02, 2.07)| 0.104
High  [5000-2004] 3.19(2.27,4.77) | <0.001 | 3.032.94,3.11) | _F®%  [30022006 | 2.24(0.29,4.79) | 0.017 | 1.24(1.13, 1.35)
fasting [5004-2016] 5.18(5.06, 5.45) | <0.001 | (p-value<0.001) | P¥SICal 000 015 | 4.14(3.81, 4.89) | <0.001 | (p-value<0.001)
pPlasma 176167019] 1.62(1.03, 3.14) | <0.001 ACVIY 152019 | 0.58(0.08, 1.44) | 0.034
glucose 150192021]-2.72(-4.10, -1.42)| <0.001 2019-2021 [-4.44(-6.11, -2.61)| <0.001
1992.2001]-0.72(-1.39, 0.39)[ 0026 "} 119 4o) 1992-2001 |-0.07(-0.63, 0.21)| 0.476
Secondhan|2001-2004] 2.44(-0.69,3.91) | 0.140 | V0 2001-2009 | 2.76(0.11, 3.07) | 0.046
d smoke [2004-2015] 4.17(3.96, 4.87) | <0.001 Smoking [2009-2015 | 3.58(3.08, 4.46) | <0.001 | | .11(1.00, 1.18)
2015-2019] 0.87(0.29, 1.84) | 0.016 | (P-value<0.001) 2015-2019 [0.03(-0.57, 0.85) | 0.915 | (p-value<0.001)
2019-2021]-4.18(-5.94, 2.28)| <0.001 2019-2021 |-4.96(-6.67, -3.14)| <0.001
Alcohol (19922021 _

use

Women, 1992-2021.
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