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Project Overview 

For the 5-year reporting period 2018–2022, Iowa had the second highest rate of new 

cancers (incidence) in the U.S. and was one of only three states with an increasing rate 

of new cancers. To better understand what drives Iowa’s high cancer rates, the Key 

Drivers of Cancer in Iowa Project was launched following a recommendation by the 

Governor and an appropriation of $1 million from the Iowa General Assembly to the 

University of Iowa (UI). With this support, the UI College of Public Health assembled a 

team of cancer and data experts to collaborate with the Iowa Department of Health and 

Human Services to identify key contributors and inform future interventions. Phase 1 of 

the project began in July 2025 and ended on June 30, 2026. Data sources included the 

Iowa Cancer Registry, the Centers for Disease Control and Prevention (CDC) WONDER, 

the Surveillance Research Program, National Cancer Institute SEER*Stat software, the U.S. 

Census Bureau’s American Community Survey, and the CDC Behavioral Risk Factor 

Surveillance System (Iowa and U.S.). 

Aim 1 of this project focuses on six cancer types: prostate cancer, female breast cancer, 

lung cancer, melanoma of the skin (hereafter referred to as melanoma), colorectal cancer, 

and HPV-associated cancers. Prostate cancer, female breast cancer, lung cancer and 

melanoma were selected because of their substantial impact on Iowa’s cancer trends. 

Colorectal and HPV-associated cancers were selected by the Iowa Department of Health 

and Human Services based on their public health importance and potential relevance to 

prevention and control efforts. 

The analyses summarized on the following pages focus on quantifying Iowa’s excess 

cancer burden, evaluating how much of that burden can be explained by selected risk 

factors, and identifying geographic patterns of excess cancer across Iowa counties. 

Each cancer type was examined separately for males and females because cancer 

incidence patterns, risk factors, and screening practices often differ by sex. Analyses 

were further stratified by age group. Because behavioral and demographic factors are 

among the most consistently measured and well-established determinants of cancer risk 

at the population level, and because many were immediately available for analysis, this 

Phase 1 report focuses primarily on these factors. Evaluating these factors first provides 

a foundation for understanding how much of Iowa’s excess cancer burden may be 

explained by known population-level characteristics before examining more complex 

environmental and individual genetic influences in Phase 2 of this work. 

Aims 2 and 3 of Phase 1 included investigating the possible role of provider screening 

behavior in the increased incidence of prostate cancer in Iowa, as well as identifying and 

evaluating successful population-level health interventions. Phase 2 will include 

modeling the potential impact of these interventions in Iowa.
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AIM 1 

 

Evaluate Patterns and Demographic and 

Behavioral Drivers of Excess Cancers in Iowa 

This aim examined six cancer types to quantify Iowa's excess cancer burden, evaluate 

demographic and behavioral drivers of excess cancer, and identify geographic patterns 

across Iowa. 

 

Includes Chapters 1–8 

Chapter 1 – Background and Introduction 

Chapter 2 – Prostate Cancer 

Chapter 3 – Female Breast Cancer 

Chapter 4 – Lung Cancer 

Chapter 5 – Melanoma 

Chapter 6 – Colorectal Cancer 

Chapter 7 – HPV-associated Cancers 

Chapter 8 – Summary of Aim 1 Findings 
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CHAPTER 1 

1 Background and Introduction 

BACKGROUND AND 

INTRODUCTION 

Overview of Iowa's cancer burden and study approach 
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1.1 Overview of Iowa’s Cancer Rates 

Iowa continues to have the second highest age-adjusted cancer incidence (newly 

diagnosed cancers) rate over the most recent 5-year reporting period (2018–2022). The 

age-adjusted cancer incidence rate across the U.S. for 2022, the most recent year of 

available data, was 612.8 new cases of cancer per 100,000 people (males and females, 

ages 20+ years), while Iowa’s age-adjusted cancer incidence rate in 2022 was 701.6 new 

cases of cancer per 100,000 people (males and females, ages 20+ years).  

The age-adjusted incidence rates for all invasive cancers combined, for ages 20 years 

and older (20+) in Iowa, were consistently higher than the U.S. rates and generally 

increased through 2022 (Figure 1.1). In contrast, mortality rates for all cancer deaths 

combined, for ages 20+ in Iowa, closely followed the national mortality trends.  

Figure 1.1. All cancers combined, ages 20+: Age-adjusted incidence and mortality rates 

 

Data Source: CDC WONDER, SEER*Stat 
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To better understand Iowa’s increasing incidence rates, age-adjusted incidence rates 

were further examined by stage at diagnosis (Figure 1.2). Localized (early-stage) 

incidence for all cancers combined generally increased in Iowa beginning in 2014 and 

diverged from the U.S. rate, which remained relatively stable over time (Figure 1.2). 

Regional- and distant-stage incidence for all cancers combined remained relatively stable 

in both Iowa and the U.S., although Iowa consistently had higher incidence rates than the 

U.S. for both stages over time. The increase in localized-stage incidence suggests that 

factors related to cancer detection, screening, and diagnostic practices may contribute 

to some of the observed increases in cancer incidence in Iowa.  

Figure 1.2. All cancers combined, ages 20+: Age-adjusted incidence rates by stage 

 
Data Source: SEER*Stat 
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While all cancers combined provide a useful overview of Iowa’s cancer burden, examining 

individual cancer types helps identify which cancers contribute most to Iowa’s elevated 

incidence rates. Table 1.1 lists the 10 cancer types with the highest age-adjusted 

incidence rates among adults ages 20+ in Iowa, ordered from the highest to lowest 

incidence rate, and compares these rates with those of the U.S. from 2018–2022. Iowa’s 

age-adjusted incidence rate was higher than the U.S. rate for each of the 10 cancers and 

ranks in the top 10 states for eight of the 10 cancers. 

Table 1.1. Age-adjusted incidence rates of top 10 cancers in Iowa compared to the U.S., 

ages 20+, diagnosis years 2018–2022 

Leading Cancer Site 
Iowa’s Rank 
(out of 50) 

Iowa Age-Adjusted Rate 
per 100,000 

U.S. Age-Adjusted Rate 
per 100,000 

Female Breast 13th 192.3 184.1 

Prostate 12th 181.6 163.2 

Lung 10th 84.0 73.6 
Colorectal 8th 56.2 51.2 
Melanoma of the Skin 2nd 45.8 37.7 
Uterus 6th 42.2 32.3 
Bladder 7th 30.5 26.3 
Non-Hodgkin Lymphoma 1st 29.8 25.4 
Kidney and Renal Pelvis 7th 29.4 24.3 
Leukemia 1st 22.4 19.2 

Data Source: CDC WONDER 
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Changes in cancer incidence rates between 2013 and 2022 for Iowa relative to the U.S. 

are shown in Figure 1.3. Values greater than zero indicate that the incidence rates 

increased more (or decreased less) in Iowa than in the U.S., whereas values less than 

zero indicate that rates increased less (or decreased more) in Iowa than in the U.S. Values 

equal to zero indicate that incidence rates changed at the same rate in Iowa and the U.S. 

The colored points represent the cancer sites examined in this report. The vertical dashed 

lines mark differences of 0, 5, and 10 cases per 100,000 people in the change in age-

adjusted incidence rates between Iowa and the U.S. 

Prostate cancer had the largest divergence between Iowa and U.S. trends, followed by 

female breast, melanoma of the skin, and lung and bronchus. This means that these 

cancers are increasing at a greater rate in Iowa compared to the U.S. These observed 

differences provide additional context for the specific cancers examined in this project, 

highlighting areas where Iowa’s trends depart from national patterns. 

Figure 1.3. Divergence in cancer incidence trends between Iowa and the U.S., ages 20+, 

diagnosis years 2013–2022 

 
Data Source: CDC WONDER 

The statewide patterns presented above highlight that Iowa’s cancer burden differs from 

national trends for all cancers combined and across cancer types. However, age-adjusted 

rate comparisons alone do not identify if any populations or areas are particularly 

contributing to these differences. Additional analyses are therefore needed to better 

understand the factors associated with Iowa’s elevated cancer burden. 
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1.2 Aim 1 Overview, Scope, and Analytic Framework 

While age-adjusted rate comparisons are useful for identifying broad patterns, they do 

not fully explain the complexity of Iowa’s cancer burden. This project aims to provide a 

more comprehensive assessment by examining cancer incidence across multiple levels 

of analysis and at the most granular level possible.  

This report focuses on six cancer types: prostate cancer, female breast cancer, lung 

cancer, melanoma of the skin (hereafter referred to as melanoma), colorectal cancer, and 

HPV-associated cancers. Prostate cancer, female breast cancer, lung cancer and 

melanoma were selected because of their substantial impact on Iowa’s cancer trends as 

illustrated in Figure 1.3. Colorectal and HPV-associated cancers were selected by the 

Iowa Department of Health and Human Services based on their public health importance 

and potential relevance to prevention and control efforts.  

Each cancer type was examined separately for males and females because cancer 

incidence patterns, risk factors, and screening practices often differ by sex. Analyses 

were further stratified by age group.  

Cancer incidence and mortality are influenced by multiple processes occurring along the 

pathway from a healthy individual to cancer diagnosis and eventual outcomes. Risk 

factors such as demographic, behavioral, environmental, and genetic characteristics 

influence the development of cancer, while screening affects when cancers are detected, 

and healthcare influences treatment and outcomes. Because behavioral and 

demographic factors are among the most consistently measured and well-established 

determinants of cancer risk at the population level, and because many were immediately 

available for analysis, this Phase 1 report focuses primarily on these factors. Evaluating 

these factors first provides a foundation for understanding how much of Iowa’s excess 

cancer burden may be explained by known population-level characteristics before 

examining more complex environmental and individual genetic influences in Phase 2. 

 

The analyses presented in Chapters 2–8 address Aim 1 of the project, which focuses on 

identifying geographic patterns in cancer incidence across Iowa, quantifying Iowa’s 

excess cancer burden, and evaluating how much of that burden is explained by selected 

risk factors after adjustment. The sequence of analyses used to address these objectives 

is summarized in Figure 1.4.  
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These analyses are organized around five key questions: 

1. How many excess cancer cases occur in Iowa relative to the U.S. and to Iowa’s cluster? 

2. How does cancer incidence compare between state clusters and among states in Iowa’s cluster? 

3. Which age-sex groups and cancer types contribute most to Iowa’s cancer burden? 

4. Which counties have more and fewer cases than expected before adjustment for selected risk factors? 

5. How many of Iowa’s excess cancer cases can be explained after adjustment for selected risk factors? 

Figure 1.4. Analytic roadmap for characterizing Iowa’s cancer burden and evaluating potential contributors 
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1.3 Data Sources 

County-level cancer case data for Iowa were obtained from the Iowa Cancer Registry, 

which served as the primary source of observed cancer incidence throughout this report. 

These data provide detailed county-level cancer counts across Iowa’s 99 counties. For 

state-level and national comparisons, including the reference incidence patterns used in 

expected case calculations, cancer incidence data were obtained from CDC WONDER and 

the Surveillance Research Program, National Cancer Institute SEER*Stat software. Of 

note, the most recent year of data available from CDC WONDER is 2022 at the time of this 

release. Cancer registry data lag behind real-time primarily due to the complexity of data 

collection, rigorous validation processes, standard reporting timelines, and the need to 

adjust for incomplete or delayed case reporting. 

Population data used in this report were obtained from CDC WONDER and the American 

Community Survey (ACS) 5-year estimates. CDC WONDER provided single-year state-

level population totals, while ACS provided county-level age and sex population 

distributions. Because the two sources are generated using different estimation 

approaches, a harmonization procedure was used to combine ACS county-level 

distributions with CDC WONDER state-level population totals to produce consistent 

county-level population estimates for analysis.  

Risk factor data were obtained from several additional sources. Demographic 

characteristics were primarily derived from ACS data, while behavioral risk factors were 

obtained from the Behavioral Risk Factor Surveillance System (BRFSS). Because BRFSS 

county-level estimates can be unstable in rural counties with small sample sizes, multi-

year aggregation and Bayesian spatial smoothing methods were used to generate more 

stable county-level estimates. Additional data sources included vital record data for 

variables such as maternal age; ultraviolet (UV) radiation exposure estimates from the 

National Cancer Institute (NCI); and county-level radon estimates from publicly available 

environmental datasets. 

Detailed descriptions and references for the data sources used in Phase 1 are provided 

in Appendix A. 
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1.4 Methods Used Across Site Specific Cancer Chapters 

The methods described in this chapter correspond to the analytic framework outlined in 

Figure 1.4. The general approach across cancer types involved quantifying Iowa’s excess 

cancer burden, identifying demographic and geographic patterns, and evaluating how 

much of that burden is explained after adjustment for selected risk factors. 

1.4.1 Calculation of Excess Cases 

Age-adjusted rates are useful for comparing cancer incidence across populations, but 

they do not directly quantify the number of cases that occur. Because Iowa has higher 

age-adjusted cancer incidence rates than the national average, it is also important to 

estimate how many additional cancer cases occur in Iowa relative to what would be 

expected if Iowa had the same cancer rates as the U.S. Therefore, many analyses in this 

report focus on estimating the number of “excess” cases of cancer in Iowa relative to a 

national baseline.  

The excess cases metric compared the actual observed number of cancer cases in Iowa 

to the number of cancer cases to be expected if Iowa had the same age- and sex- specific 

cancer rates as the U.S. These expected case counts were calculated by age group (20–

85+, in 5-year groupings), sex, year (single years or multi-year groupings), and county. 

Excess was then defined as: 𝐸𝑥𝑐𝑒𝑠𝑠 = 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 − 𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 , where positive values 

indicate more cases than expected, and negative values indicate fewer cases than 

expected. Excess cases were summed across sex and age group to produce county 

totals, and across counties for statewide estimates. 

These calculations were performed separately for males and females because cancer 

incidence patterns, risk factors, and screening practices often differ by sex. Excess cases 

were also evaluated across age groups to identify populations contributing to Iowa’s 

cancer burden. Stratifying by sex and age helps identify patterns that may be masked 

when all cases are combined. In this report, cancers can have up to four separate 

analyses: younger females, younger males, older females, and older males. The age 

ranges defining “younger” and “older” ages are detailed separately for each cancer type. 
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1.4.2 Excess Cases in Iowa Relative to U.S. Rates 

Using the previously defined excess cases calculation, Iowa’s statewide estimated 

excess cases were summarized across the 1999–2022 time period. Displayed in  

Figure 1.5 are the yearly observed cancer cases in Iowa compared to the expected 

number of cases based on national rates along with the resulting excess cases of all 

cancers combined among ages 20+. The error bars for each year represent the 95% 

confidence interval around the estimated expected number of cases from the national 

age-sex-specific rates. For years with purple shading, the white portion of the bar 

represents the expected number of cases, and the purple portion represents the excess 

cases above the expected count. For years with yellow shading, the white portion of the 

bar represents the observed number of cases, and the yellow portion represents the 

difference between observed and expected counts. Dark purple and dark yellow indicate 

years in which the observed counts fell outside the 95% confidence interval and were 

therefore significantly more or fewer than expected. Light purple and light yellow indicate 

years in which observed counts were above or below the expected counts but remained 

within the 95% confidence interval and thus within the expected range. 
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For all cancers combined, Iowa’s observed number of cancer cases was consistently 

more than the expected number of cases based on national rates for nearly the entire 24-

year period (Figure 1.5). The only year with slightly fewer cases than expected was 2007 

(eight fewer observed cases than expected), which was generally consistent with 

expectations. Since 2009, observed cases have remained consistently above the number 

of expected cases. In the most recent year (2022), Iowa had an estimated excess of 2,582 

cases statewide, meaning that 2,582 more Iowans were diagnosed with cancer than 

would have been expected if Iowa’s cancer rates matched those observed nationally. 

Figure 1.5. All cancers combined, ages 20+: Iowa’s observed, expected, and excess cases 

Note: Error bars represent 95% confidence intervals Data Source: CDC WONDER 
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In contrast, among people under age 20, cancer incidence in Iowa generally tracked with 

national expectations over time, with only two years in which observed case counts fell 

outside the expected range: 2006 when there were 25 fewer cases than expected and 

2011 when there were 28 more cases than expected (Figure 1.6). Therefore, most excess 

cancer cases observed in Iowa relative to national expectations occurred among adults 

ages 20+. Because cancer incidence among individuals under age 20 was generally 

consistent with national expectations, subsequent analyses in this report focus on 

populations ages 20+. 

Figure 1.6. All cancers combined, ages <20: Iowa’s observed, expected, and excess cases 

Note: Error bars represent 95% confidence intervals Data Source: CDC WONDER 

Similar analyses presented later in the report and in the cancer-specific chapters can also 

be conducted using comparison groups other than the U.S., such as selected neighboring 

or cluster states. 
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1.4.3 State Clusters of Demographic Characteristics and Behavioral Risk 

Factors 

To identify potential reasons why Iowa’s cancer rates differ from cancer rates of other 

states, all 50 U.S. states were evaluated and characterized based on demographic 

characteristics and self-reported behavioral risk factors. Identifying which states were 

the most similar or different from Iowa allowed for informed comparisons of cancer rates. 

A clustering algorithm was used to group the 50 U.S. states into an optimized number of 

clusters based on similarities in demographic characteristic and behavioral risk factor 

profiles. States within the same cluster therefore had similar population characteristics, 

regardless of whether their cancer incidence rates were similar or different.  

Variables used in creating these profiles included ACS demographic characteristics such 

as state-level educational attainment (i.e., percent with bachelor’s degree), 

unemployment, insurance coverage, median household income, and poverty rate. The 

self-reported behavioral risk factor variables from BRFSS used in clustering included 

measures of alcohol use, smoking, exercise and physical inactivity, diet-related indicators, 

obesity, and preventive care. The full list of variables and their sources included in the 

clustering analysis is provided in Table D-1. All variables were aggregated from 2018–

2022 and standardized to ensure comparable scale prior to clustering. States were then 

assigned to clusters by minimizing differences in average values for each potential 

cancer risk factor or demographic characteristic, resulting in seven groupings of states 

with similar risk profiles.  

These seven exploratory groupings correspond to the color-coded clusters shown in 

Figure 1.7 and reflect similarities in demographic characteristics and self-reported 

behavioral risk factors across geographic regions.  
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Figure 1.7. Seven identified state clusters based on demographic characteristics and self-

reported behavioral risk factors, 2018–2022 

 

The resulting clusters are summarized below and represent distinct combinations of 

demographic characteristics and behavioral risk factors observed across the U.S. 

 Cluster 1 – AL, AR, KY, LA, MS, OK, TN, WV (yellow): States with lower 

socioeconomic status (SES) and higher health-risk behaviors, including higher 

obesity and cigarette smoking rates. 

 Cluster 2 – CA, CT, HI, IL, MD, MA, NJ, NY, RI, VA, WA (dark red): States with higher 

SES and generally favorable health behaviors, including lower obesity and higher 

fruit intake. 

 Cluster 3 – DE, IN, KS, MI, MO, OH, PA (pink): States with moderate SES but 

elevated obesity and smoking. 

 Cluster 4 – AK, CO, ID, ME, MT, NH, OR, VT, WY (green): States with above-average 

SES and generally healthier behaviors but higher levels of binge drinking. 

 Cluster 5 – UT (red): A single-state cluster characterized by very low cigarette 

smoking and drinking rates and overall healthier lifestyle patterns, with average 

SES. 

 Cluster 6 – AZ, FL, GA, NV, NM, NC, SC, TX (purple): States with lower SES and 

lower insurance coverage and mixed behavioral risk factors. 

 Cluster 7 – IA, MN, NE, ND, SD, WI (turquoise): States with average SES but high 

levels of drinking and obesity. 
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These clusters were subsequently used as comparison groups in cancer incidence 

analyses. Specifically, cancer incidence rates in Iowa’s cluster were compared with those 

of other clusters to evaluate how Iowa differed from states with different demographic 

characteristics and risk factor profiles. Additional analyses then compared Iowa directly 

with other states within its cluster to determine whether Iowa’s cancer burden differed 

from states with similar demographic characteristics and risk factor patterns. These 

comparisons are first illustrated using all cancers combined among ages 20+. 

Iowa’s cluster (C7) generally followed the national trend for all cancers combined and 

had incidence rates similar to other state clusters from 1999–2013 (Figure 1.9). However, 

after 2013, Iowa’s cluster showed a larger increase in rates compared with the other state 

clusters and the national trend. From 2019 through 2022, Iowa’s cluster had the highest 

age-adjusted incidence rates among the state clusters. 

Figure 1.9. All cancers combined, ages 20+: Age-adjusted incidence rates by state 

clusters 

 
Data Source: CDC WONDER 
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For all cancers combined among ages 20+, Iowa’s incidence rates exceeded those of 

other states in its cluster beginning in 2014 and remained the highest through 2022 

(Figure 1.10). Minnesota showed a similar increasing pattern over time, whereas several 

other states in the cluster had declining incidence rates that more closely followed the 

national trend. 

Figure 1.10. All cancers combined, ages 20+: Age-adjusted incidence rates for states in 

Iowa’s cluster  

 

Data Source: CDC WONDER 
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1.4.4 Identifying Counties with Excess Cases Before Risk Factor Adjustment  

To assess the potential impact of demographic characteristics and behavioral risk 

factors, county-level analyses were performed “before” adjusting for any possible risk 

factors, to be later compared to county-level analyses “after” adjusting for possible risk 

factors. These analyses identified counties with significantly more or fewer cancer cases 

than expected based on national age- and sex-specific incidence rates. Expected cancer 

case counts were calculated by applying national incidence rates to the corresponding 

Iowa county populations, and excess cases were defined as the difference between those 

observed and expected counts. This approach was similar to the approach defined in 

section 1.4.1 Calculation of Excess Cases but was further stratified to also be county 

specific in addition to age- and sex-specific. 

To account for natural random variation in cancer incidence, classifications were based 

on both county-level information and information from neighboring counties to reduce 

the influence of random variation, particularly in counties with smaller population sizes. 

For each county, age group, sex, and time period, 10,000 simulations were generated 

under a scenario in which Iowa followed national cancer incidence rates. Counties were 

then classified as having significantly more cases than expected, fewer cases than 

expected, or cancer incidence within expected range based on whether the observed 

county case counts fell outside the simulated 90% confidence intervals. 

A 90% confidence level was used rather than the more traditional 95% confidence level 

to increase sensitivity for identifying counties with potentially elevated or reduced cancer 

incidence. This approach reduces the likelihood that counties with unusually high cancer 

burden are overlooked, although it results in a larger number of counties being identified 

as having significant excesses. Consequently, the county classifications presented 

throughout this report should be viewed as a starting point for identifying areas that may 

warrant further investigation. 

Supplementary sensitivity analyses using standardized excess measures and spatial 

smoothing methods were also conducted to evaluate the robustness of the findings and 

the consistency of geographic patterns of excess cancer incidence across Iowa counties. 

The county-level classification approach is shown in Figure 1.11 for all cancers combined 

among adults ages 20+. Counties shaded in purple were identified as having significantly 

more cancer cases than expected, counties shaded in yellow were identified as having 

significantly fewer cases than expected, and counties shaded white had observed case 

counts that were within the expected range. Classifications are shown for three time 

periods (2008–2012, 2013–2017, 2018–2022) to show how patterns of excess cancer 

have changed over time in Iowa. The age- and sex-specific cancer analyses in this report 



Background and Introduction 25 

show only the most recent time period (2018–2022) to align with the cancer diagnosis 

years used in the modeling approach. 

County-level patterns for all cancers combined among ages 20+ showed an increasing 

number of counties with more cases than expected over time (Figure 1.11). During 2008–

2012, counties with more cases than expected were scattered across the state, and 

several counties had fewer cases than expected. By 2018–2022, most counties in Iowa 

(91 out of 99 counties) were identified as having more cases than expected relative to 

national rates, and no counties had fewer cases than expected. 

   



Background and Introduction 26 

Figure 1.11. All cancers combined, ages 20+: County excess classification before 

adjustment for risk factors across three periods 
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1.4.5 Identifying Counties with Excess Cases After Risk Factor Adjustment 

After identifying counties with excess cancer incidence based on national age- and sex-

specific incidence rates, county-level analyses were repeated using predicted cancer 

case counts estimated from models that incorporated demographic characteristics and 

behavioral risk factors. Comparing the observed number of cancer cases with these 

model-predicted case counts for each county allowed evaluation of whether excess 

cancer cases remained after accounting for the selected variables. 

In order to construct models that were predictive of the number of cancer cases, a core 

set of demographic characteristics and behavioral risk factors (e.g., obesity, binge 

drinking, health insurance coverage) was evaluated across all cancer types, with cancer-

specific variables selected based on their contribution to predicting cancer incidence at 

the population level (e.g. radon for lung cancer and UV exposure for melanoma). Poisson 

regression models were fitted using state-level cancer counts to estimate the predicted 

number of cancer cases after adjustment and incorporated the selected variables, age 

group information, and population size through an offset term. The fitted state-level 

models were then applied to Iowa county-level data to generate predicted cancer counts 

for each county. Because the models were developed using aggregate state-level data, 

inclusion of a variable should not be interpreted as evidence of an individual-level causal 

relationship with cancer. 

Simulation-based prediction intervals were used to account for natural variation in cancer 

counts after adjustment. Counties were classified as having significantly more cases 

than expected, significantly fewer cases than expected, or cases within the expected 

range by comparing the observed number of cases with the range of predicted counts 

from the adjusted models. These analyses evaluated whether county-level excess cancer 

incidence remained after adjustment for differences in known or potential behavioral risk 

factors and demographic characteristics. 

The adjustment at this stage of the study focused on known demographic characteristics 

and behavioral risk factors for multiple reasons. First, these factors are well established 

in the scientific literature. For example, if it is known that a county contains a higher 

proportion of smokers, then the lung cancer rates are expected to be higher in that region. 
1-3 The goal was therefore to first consider if there are still more cancer cases than would 

be expected after adjustment for these known risk factors. If the number of cancer cases 

remains high in a region after adjustment for demographic characteristics and behavioral 

risk factors available in this analysis, then future investigation of other risk factors, 

including additional environmental or genetic factors, may be warranted. 
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A second reason for this approach is that many demographic characteristics and 

behavioral risk factor data were immediately available and collected using standardized 

methods nationwide, allowing comparable analyses across geographic regions. In 

contrast, environmental data are often not collected in a standardized manner and 

generally require additional time to obtain and harmonize. Thus, Phase 1 focused on 

developing baseline models using readily available behavioral risk factors and 

demographic characteristics. These models provide a foundation for Year 2 analyses, 

which will explore the role of environmental and genetic factors in the cancer patterns 

observed across Iowa. 
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These statewide comparisons provide useful background information but mask 

important variation across demographic groups. Because many characteristics differ 

substantially by age and sex, the following figures present age- and sex-specific 

comparisons to provide a more detailed picture of how Iowa differs from the U.S. and the 

five states with the lowest overall cancer incidence.  

Age- and sex-specific patterns for demographic characteristics obtained from the ACS 

are presented in Figure 1.12. It is important to note that the scale of each graph within 

the figure is different in order to zoom in on differences between the comparisons, so 

comparing the magnitude of the differences between graphs requires close 

consideration of the different scales. Several consistent patterns are evident across both 

females and males. Compared with the U.S. and the five lowest-incidence states, Iowa 

generally has lower poverty and unemployment across most age groups, while health 

insurance coverage is consistently higher. Educational attainment shows a more mixed 

pattern. The prevalence of bachelor's degree attainment in Iowa is generally similar to or 

lower than the comparison groups among older adults, whereas the prevalence of high 

school completion is generally higher across most age groups. These differences are 

relatively consistent across males and females, although the magnitude varies by age. 
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Figure 1.12. Demographic characteristics by sex and age in Iowa, the U.S., and the five 

states with lowest overall incidence rates, 2018–2022 

 

Data Source: ACS 
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Age- and sex-specific behavioral risk factors from the BRFSS are presented in  

Figure 1.13. As noted previously, the scale of each graph within the figure is different, so 

comparing the magnitude of the differences between graphs requires close 

consideration of each of the scales. Several behavioral patterns observed in the 

statewide summary are also apparent within age- and sex-specific groups. Current 

smoking, binge drinking, and obesity were more common in Iowa than in the comparison 

populations across many age groups, particularly among adults between approximately 

25 and 64 years of age. In contrast, regular physical activity tended to be less common in 

Iowa, especially among males. Dietary measures showed smaller differences across 

populations, although Iowa generally had a higher prevalence of consuming fewer than 

one serving of vegetables per day, whereas differences in fruit consumption were less 

consistent. Overall patterns were generally similar for females and males, although the 

magnitude of differences varied by age and sex. 

For example, among females in Iowa, those ages 25–44 had the highest percentage of 

current smokers, and this age group differed most from the national percentage of 

current smokers among females. Among males in Iowa, those ages 35–44 had the 

highest percentage of current smokers, but smoking prevalence was more similar to the 

national percentage, with differences between Iowa and the national percentage 

remaining relatively consistent across age groups. Conversely, among males in Iowa, 

those ages 25–34 had the highest percentage reporting binge drinking and showed the 

largest difference from the national percentage of males reporting binge drinking. Among 

females, those ages 18–25 had the highest percentage reporting binge drinking and also 

differed most from the national percentage of females reporting binge drinking, although 

the difference between Iowa and the national percentage was smaller than that observed 

among males and remained more consistent across age groups. 
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Figure 1.13. Behavioral characteristics by sex and age in Iowa, the U.S., and the five 

states with lowest overall incidence rates, 2018–2022 

 

Data Source: BRFSS 

Together, these figures provide descriptive context for Iowa's statewide risk factor profile 

and highlight demographic groups in which Iowa differs most from the comparison 

populations. They are intended to describe population characteristics rather than 

establish causal relationships with cancer incidence.  
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1.5.2 Differences in Iowa’s Cancer Burden by Urbanicity 

Iowa counties were classified as metropolitan or rural using the 2013 Rural-Urban 

Continuum Codes (RUCC) developed by the U.S. Department of Agriculture. Counties with 

RUCC classifications 2–3 were classified as metropolitan, while counties with RUCC 

classifications of 4–9 were classified as rural. Iowa does not have any counties with a 

RUCC classification of 1. Using this classification, 21 of Iowa’s 99 counties were 

categorized as metropolitan and 78 were categorized as rural (Figure 1.14). The 

metropolitan counties were Benton, Black Hawk, Bremer, Dallas, Dubuque, Grundy, 

Guthrie, Harrison, Johnson, Jones, Linn, Madison, Mills, Plymouth, Polk, Pottawattamie, 

Scott, Story, Warren, Washington, Woodbury. 

Figure 1.14. Classification of Iowa counties as metropolitan and rural using Rural-Urban 

Continuum Codes (RUCC), 2013 

 

Cancer burden is often discussed in terms of differences between rural and metropolitan 

communities. Because Iowa contains both predominantly rural areas and several 

metropolitan population centers, it is useful to examine whether cancer incidence differs 

across these settings. Age-adjusted incidence rates for all cancers combined are 

compared between metropolitan and rural Iowa counties in Figure 1.15. 
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Age-adjusted incidence rates for all cancers combined among individuals ages 20+ were 

generally comparable between metropolitan and rural counties from 1999–2022  

(Figure 1.15). Although small year-to-year variation was observed, incidence rates in both 

groups followed similar trends over time, suggesting that cancer burden is distributed 

across both metropolitan and rural communities in Iowa. 

Figure 1.15. All cancers combined, ages 20+: Age-adjusted incidence rates in 

metropolitan and rural counties in Iowa. 

 

Data Source: SEER*Stat 

During 2018–2022, both metropolitan and rural counties in Iowa experienced 

approximately 11% more cancer cases than expected (10.9% and 11.4%, respectively), 

indicating that Iowa’s excess cancer burden was not concentrated within a single 

geographic setting (Table 1.3). 

Table 1.3. All cancers combined, ages 20+: Annual observed and expected cancer 

cases by county urbanicity in Iowa, 2018–2022 yearly average 

Urbanicity Observed Cases Expected Cases Percent Above Expected 

Metropolitan 10,894 9,819 10.9% 

Rural 9,017 8,091 11.4% 
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1.5.3 Limitations 

While this project used the most complete and reliable data sources available for Iowa 

and the U.S., several important limitations should be considered: 

 Use of ecological data at the state- or county-level. 

The risk factors and outcome measures were only available at the state- or county-

level and not at the individual level. As a result, associations observed in this 

analysis cannot be directly interpreted as individual level relationships. For 

example, although alcohol use is associated with various cancers, the percentage 

of a county reporting binge drinking reflects the aggregate behavior of residents 

and does not indicate that any specific individual’s drinking caused their cancer. 

This aggregate level of analysis may lead to different combinations of variables 

being predictive of the number of cancer cases in a county than an analysis using 

individual level behavioral data. 

 Small population sizes in many counties. 

County-level analyses, particularly in rural areas, are affected by small population 

sizes. This can lead to unstable estimates of incidence and risk factors, limiting 

the ability to precisely characterize cancer trends in smaller counties. BRFSS 

sampling, for example, is designed to produce stable estimates at the state level 

but not necessarily at the county level. 

 Changes in BRFSS methodology over time. 

BRFSS underwent a major methodological transition during 2011–2012, shifting 

from a landline-only survey to a combined landline and cellular telephone 

administered survey, along with changes to its weighting methodology. As a result, 

estimates collected before 2011 should not be directly compared with estimates 

collected after 2011 at the single-year level. Trends spanning this transition period 

should therefore be interpreted with caution. 

 Suppression of national cancer data in certain strata. 

National cancer data are suppressed when case counts are small, particularly for 

younger age groups. This limits the precision of national comparisons for these 

populations. 

 Time lags in data reporting. 

Cancer registry data lag behind real-time primarily due to the complexity of data 

collection, rigorous validation processes, standard reporting timelines, and the 

need to adjust for incomplete or delayed case reporting. The most recent year of 

data available from CDC WONDER is 2022 at the time of this release.  



Background and Introduction 38 

 Complexity of cancer etiology and interpretation of unexplained excess cases. 

Cancer is not a single disease but a group of complex diseases with many causes. 

Different cancer types, and even subtypes within the same cancer, may have 

different causes and risk factors. In addition, some factors may increase the risk 

of one cancer while reducing the risk of another. Although this project included a 

broad range of known behavioral risk factors and demographic characteristics, not 

all causes of cancer are fully understood. As a result, unexplained excess cases 

may reflect factors that were not measured, factors not yet well understood, or 

complex interactions among multiple risk factors. 
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CHAPTER 2 

2 Prostate Cancer 

PROSTATE 

CANCER 

Incidence, mortality, excess cases, and county-level patterns in Iowa 
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Individual and Population Risk Factors Associated with Prostate Cancer 

The most well-established risk factors for prostate cancer are age, race, family history, 

and inherited genetic mutations. Age is the biggest risk factor for prostate cancer. Most 

prostate cancer cases occur in men over the age of 50, and the risk of developing this 

cancer increases substantially after age 65. Prostate cancer occurs more often in Black 

men than in White men. Men with a father or brother who had prostate cancer, or who 

have an inherited genetic variation (e.g., BRCA1, BRCA2) have an increased risk of 

developing prostate cancer.4-6 

Many sociodemographic and lifestyle factors may also influence prostate cancer risk. 

Men who are married may benefit from greater spousal social support and more 

consistent engagement with healthcare services than men who are single, leading to 

higher rates of cancer screening and other preventive health behaviors.7-9 These patterns 

can increase the likelihood that prostate cancer is detected at an earlier stage. Similarly, 

men with health insurance and better access to medical care tend to have more frequent 

interactions with the healthcare system than those who are uninsured or have limited 

access to care. Greater healthcare engagement provides more opportunities for 

screening, clinical evaluation, and diagnostic testing, which may lead to earlier detection. 

As a result, differences in healthcare utilization may contribute to timing of diagnosis and 

observed prostate cancer incidence rates.  

Because the analysis is being conducted at the county level rather than the individual 

level, certain lifestyle factors, such as alcohol consumption, smoking, and obesity, may 

be correlated with increased prostate cancer risk, although evidence is insufficient to 

definitively link prostate cancer risk with these factors. These risk factors may also be 

Chapter Guide 

cancer

concludes
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associated with differences in healthcare utilization, such as higher rates of cancer 

screening, as well as with other population-level risk factors. 

This Phase 1 report focuses primarily on demographic and behavioral risk factors, 

whereas the Phase 2 report will include other types of risk factors, such as environmental 

and genetic factors. Demographic characteristics and behavioral risk factors were 

assessed at the county level since individual level data sources were not available. It is 

therefore important to note that the relationships between risk factors and cancer 

incidence at the county level may be different than the relationships between risk factors 

and the development of cancer at the individual level. 
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2.1 Overview of Prostate Cancer in Iowa 

Prostate cancer is the second most common cancer among Iowans. The prostate cancer 

incidence (newly diagnosed prostate cancers) rate among Iowa males for all ages was 

129.5 per 100,000 population for years 2018–2022. Prostate cancer incidence began 

increasing in Iowa after 2013 and Iowa ranks 13th in the U.S. for years 2018–2022. While 

the rate of new prostate cancers has been increasing, the prostate cancer mortality 

(prostate cancer deaths) rate has been fairly stable in Iowa since 2010. Iowa ranks 30th 

in the U.S. for prostate cancer mortality for years 2019–2023, with a rate of 19.6 per 

100,000 population. In Iowa, the 5-year relative survival rate for all prostate cancer was 

99% for years 2016–2022. The 5-year relative survival rate for prostate cancers 

diagnosed at either a localized or regional stage was 100%. This rate dropped to 41% for 

distant-stage disease. Treatment is typically more effective when diagnosed at earlier 

stages. In Iowa, 75% of prostate cancers were diagnosed at a localized stage, 16% at a 

regional stage, and 9% at a distant stage from 2016–2022. 
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The age-adjusted incidence rate for prostate cancer, ages 20+ in Iowa exceeded the U.S. 

rate starting in 2014 and continued to increase through 2019 (Figure 2.1). Mortality rates 

for prostate cancer in Iowa closely match national mortality rates. Differences in early 

detection (i.e., more localized stage at diagnosis), treatment, or survival could contribute 

to Iowa having an average mortality rate despite its higher incidence rate for prostate 

cancer. 

Figure 2.1. Prostate cancer, ages 20+: Age-adjusted incidence and mortality rates 

 
Data Source: CDC WONDER, SEER*Stat  

  



Prostate Cancer  44 

As shown in Figure 2.1, overall (all stages combined) age-adjusted incidence rates for 

prostate cancer, ages 20+, increased after 2013. Similarly, localized (early-stage) prostate 

cancer incidence increased after 2013, substantially contributing to the overall increase 

in prostate cancer incidence (Figure 2.2). Smaller increases in regional- and distant-stage 

prostate cancer were observed, and Iowa’s rates for these stages generally followed the 

national trends.  

Figure 2.2. Prostate cancer, ages 20+: Age-adjusted incidence rates by stage  

 
Data Source: SEER*Stat 

  



Prostate Cancer  45 

Because prostate-specific antigen (PSA) testing can influence observed prostate cancer 

incidence through screening and earlier detection, the percentage of males ages 40+ who 

reported having a PSA test within the past 2 years was examined using BRFSS data 

collected even years from 2002 through 2020 (Figure 2.3). PSA testing patterns in Iowa 

were similar to those observed nationally throughout the study period. Both Iowa and the 

U.S. experienced declines in PSA testing after 2010. 

Figure 2.3. Percentage of males ages 40+ who had a PSA test within the past 2 years in 

Iowa and the U.S. 

  
Data Source: BRFSS 

Note: Gray vertical dotted line indicates the 2011 BRFSS methodology change (addition of cellular 

telephone sampling and revised weighting methodology). Trend comparisons with years before 

2011 should be interpreted with caution. 
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2.2 Excess Cases Relative to U.S. by Age Group 

In 2022, there were 331 total excess prostate cancer cases among males ages 20+. To 

better understand how this excess was distributed, the observed, expected, and excess 

number of prostate cancer cases were calculated for males by age group in Iowa relative 

to the U.S. Specifically, the observed, expected, and excess cases were based on the male 

age-specific national rates per year. Calculations per age group are shown as a yearly 

average over the 2018–2022 period. 

Prostate cancer cases in Iowa exceeded the expected range among males 50 years and 

older (50+) (Figure 2.4). In contrast, few cases were observed in both the U.S. and Iowa 

among males ages 20–39. In those 40–49, Iowa’s observed cases were within the 

expected range and aligned with what would be expected compared to national rates. 

Figure 2.4. Prostate cancer, by age group: Iowa’s observed, expected, and excess cases, 

2018–2022 yearly average 

Note: Error bars represent 95% confidence intervals  Data Source: CDC WONDER 

One goal of these analyses was to understand how Iowa’s rates differ from national rates. 

The number of prostate cancer cases among males younger than age 50 was within the 

expected range. Therefore, the remainder of this prostate cancer report focused on males 

ages 50+ years, where the number of cancer cases was observed to be higher than 

expected.   
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2.3 Males, Ages 50+ 

2.3.1 Excess Cases Relative to U.S. 

For prostate cancer among males ages 50+, there were fewer observed cases in Iowa 

than expected based on male age-specific national rates for 1999–2013 (Figure 2.5). 

Beginning in 2014, excess cases were observed, although they remained within the 

expected range through 2016. Since then, Iowa’s number of prostate cases has remained 

above the expected range. In the most recent year (2022), Iowa had an excess of 336 

cases statewide, meaning that 336 more males ages 50+ in Iowa were diagnosed with 

prostate cancer in that year than expected if Iowa’s cancer rates matched those observed 

for the entire U.S. 

Figure 2.5. Prostate cancer, ages 50+: Iowa’s observed, expected, and excess cases 

 
Note: Error bars represent 95% confidence intervals Data Source: CDC WONDER 
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2.3.2 Cancer Incidence Trends by State Clusters 

State clusters were created by algorithmically grouping states with the most similar 

demographic characteristics and behavioral risk factor profiles. Age-adjusted prostate 

cancer incidence trends for males ages 50+ were then evaluated across those seven 

state clusters and states within Iowa’s cluster, which included Minnesota, Nebraska, 

North Dakota, South Dakota, and Wisconsin. Iowa’s observed cases were then compared 

with expected case counts based on male age-specific incidence rates from the states in 

Iowa’s cluster to estimate regional excess cases. 

Iowa’s cluster (C7) generally followed the national trend and trends of other clusters until 

2014, when the age-adjusted incidence rate of prostate cancer in Iowa’s cluster began to 

increase (Figure 2.6). In 2022, Iowa’s cluster had the second highest rate of prostate 

cancer for males ages 50+ behind only Utah, which is in a cluster by itself (C5).  

Figure 2.6. Prostate cancer, ages 50+: Age-adjusted incidence rates by state clusters 

 
Data Source: CDC WONDER 
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Iowa’s incidence rate of prostate cancer among males ages 50+ was the lowest among 

its cluster from 1999–2008 and followed a trend similar to the U.S. and other states in its 

cluster until 2013 (Figure 2.7). After 2013, Iowa’s rate began increasing above the U.S. 

and other states, leveled off in 2019, and was the fourth highest rate in the cluster by 

2022. 

Figure 2.7. Prostate cancer, ages 50+: Age-adjusted incidence rates for states in Iowa’s 

cluster  

 
Data Source: CDC WONDER 
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2.3.3 Excess Cases Relative to Iowa’s Cluster 

Expected counts were calculated using the male age-specific incidence rates from the 

states in Iowa’s cluster as the reference rather than using national rates as in the previous 

comparison. For prostate cancer among males ages 50+, the number of excess cases in 

2022 was 336 relative to the U.S. (Figure 2.5). When compared only to states in Iowa’s 

cluster, the excess decreased to 70 cases and fell within the expected range in 2022 

(Figure 2.8). This suggests that Iowa and its neighboring states currently have similar 

patterns of prostate cancer. 

Figure 2.8. Prostate cancer, ages 50+: Iowa’s observed, expected, and excess cases 

relative to Iowa’s cluster  

 
Note: Error bars represent 95% confidence intervals Data Source: CDC WONDER 
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2.3.4 Counties with Excess Cases Before Risk Factor Adjustment 

Before adjusting for potential risk factors, county-level analyses were conducted to 

identify counties with significantly more (purple) or fewer (yellow) prostate cancer cases 

than expected. Expected county case counts and ranges were estimated using 90% 

confidence intervals based on male age-specific national incidence rates, and counties 

were flagged when their observed number of cases fell outside the expected range. 

Before adjustment for risk factors, 63 counties, primarily in northwestern, northeastern, 

and southwestern Iowa, were identified as having more prostate cancer cases than 

expected compared to national rates from 2018–2022 (Figure 2.9). The number of cases 

in the southeast corner of Iowa was mainly within the expected range of prostate cancer 

cases. Ten counties statewide were identified as having fewer cases than expected 

relative to national rates.
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Figure 2.9. Prostate cancer, ages 50+: County excess classification before adjustment for risk factors, 2018–2022 
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2.3.5 Counties with Excess Cases After Risk Factor Adjustment 

Behavioral risk factors from BRFSS and demographic characteristics from ACS were 

considered for inclusion in state-level statistical models. Table 2.1 summarizes the risk 

factors considered and whether each variable was incorporated into the Phase 1 

analyses. These state-level models were used to identify risk factors associated with 

cancer incidence and estimate their relationships with cancer counts. The county-level 

risk factor estimates were then applied to these state-level models to predict the 

expected number of cancer cases for each Iowa county after adjustment. 

As previously noted, the purpose of the state-level modeling was to identify risk factors 

that were predictive of cancer incidence at the population level. Although the models 

were fit using state-level data, they were subsequently applied to county-level risk factor 

estimates to generate adjusted expected cancer counts for each Iowa county. Inclusion 

of a variable in the state-level models should not be interpreted as evidence of a causal 

relationship at the individual level. 

Additional information on prostate cancer risk factors, including the literature- and 

referent organization-based rationale for risk factor consideration, data availability, and 

whether each factor could be incorporated into Phase 1 analyses is provided in   

Table E-1. 

Table 2.1. Prostate cancer, ages 50+: Description of variables considered and selected 

for modeling 

Variable Definition* Time period In final model 

Alcohol Percent binge drinking 2013–17 Yes 

Checkup Percent checkup with doctor in past year 2016–20 Yes 

Insurance Percent insured (ages 19+) 2016–20 Yes 

Marital status Percent married 2016–20 Yes 

Obesity Percent BMI ≥ 30 kg/m2 2013–17 Yes 

Race Percent Black population 2013–17 Yes 

Smoking Percent never smoked 2013–17 Yes 

Education Percent bachelor’s degree or higher (ages 25+) 2013–17 – 

Income Median household income (MHI) in dollars 2013–17 – 

PSA testing Percent PSA testing within past 2 years (ages 40+) 2016–20 – 

* See Appendix B for detailed variable definitions 
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Shown in Figure 2.10 is a comparison of the: 

 expected number of prostate cancer cases among males ages 50+ in Iowa based 

on national rates; 

 predicted number of cases after adjustment for selected behavioral risk factors 

and demographic characteristics; and 

 observed number of cases in Iowa per year.  

An average of 2,684 prostate cancer cases among males ages 50+ was observed per 

year in Iowa from 2018–2022. Based on national rates, Iowa was expected to have 2,404 

prostate cancer cases per year. After adjustment for selected risk factors, the model 

predicted 2,566 prostate cancer cases per year in Iowa. Based on national rates, Iowa had 

an unadjusted excess of 280 cases per year (Observed minus Expected). After 

adjustment for selected risk factors, the predicted number of cases was 162 cases per 

year higher (Predicted minus Expected), meaning that the risk factors explained 58% of 

the unadjusted excess cases. This leaves an excess of 118 cases per year (Observed 

minus Predicted) in Iowa not explained by the risk factors evaluated. 

Figure 2.10. Prostate cancer, ages 50+: Iowa’s observed, expected, and predicted* 

number of cases per year, 2018–2022 yearly average 

 
* From risk factor-adjusted model 
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County-level predicted case counts adjusted for risk factors were calculated to identify 

counties with significantly more or fewer cancer cases than expected. Displayed in  

Figure 2.11 are counties identified as having more prostate cancer cases than expected 

(purple), within the expected range (white), or fewer cases than expected (yellow) among 

males ages 50+ after adjustment for selected risk factors. 

After adjustment, 32 counties were identified as having more cases than expected, many 

of which were located in northwestern Iowa (Figure 2.11). Additionally, 30 counties 

throughout Iowa were identified as having fewer cases than expected after adjustment 

for selected risk factors. 
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Figure 2.11. Prostate cancer, ages 50+: County excess classification after adjustment for selected risk factors,  

2018–2022 
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2.4 Combined Results for Counties with More Cases Than 

Expected After Adjustment  

The analyses presented in this section identified counties with significantly more 

prostate cancer cases than expected among males age 50+ after adjustment for selected 

demographic characteristics and behavioral risk factors. Counties that remained 

classified as having significantly more cases than expected after adjustment are shown 

in (Figure 2.12). After adjustment, 32 counties were identified as having more prostate 

cancer cases than expected, many of which were located in northwestern Iowa  

(Figure 2.12).
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