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Abstract

Cohort participants usually have lower mortality rates than non-participants, but it is unclear if this 

survival advantage decreases or increases as cohort studies age. We used a 1975 private census of 

Washington County, Maryland to compare mortality among cohort participants to non-participants 

for three cohorts CLUE I, CLUE II, and ARIC, initiated in 1974, 1989, and 1986, respectively. We 

analyzed mortality risk using time-truncated Cox regression models. Participants had lower 

mortality risk in the first 10 years of follow-up compared to non-participants [fully adjusted 

average hazard ratio (95% CI) were 0.72 (0.68, 0.77) in CLUE I, 0.69 (0.65, 0.73) in CLUE II and 

0.74 (0.63, 0.86) in ARIC], which persisted over 20 years of follow-up [0.81 (0.78, 0.84) in CLUE 

I, 0.87 (0.84, 0.91) in CLUE II, and 0.90 (0.83, 0.97) in ARIC]. This lower average hazard for 

mortality among participants compared to non-participants attenuated with longer follow-up [0.99 

(0.96, 1.01) after 30+ years in CLUE I, 1.02 (0.99, 1.05) after 30 years in CLUE II, and 0.95 (0.89, 

1.00) after 30+ years in ARIC]. In ARIC, participants who did not attend visits had higher 

mortality but those who did attend visits had similar mortality to the community. Our results 

suggest the volunteer selection for mortality in long-standing epidemiologic cohort studies often 

diminishes as the cohort ages.
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INTRODUCTION

Prospective epidemiologic cohort studies often strive to be representative of a target 

population and provide generalizable conclusions. However, cohort participants are usually 

not fully representative of the source population initially due to intentional or unintentional 

self-selection during the study enrollment process (e.g., ability or willingness to visit a 

research site). Indeed, previous studies reported that cohort participants usually have fewer 

health behavior-related risk factors, are better educated, and are older compared to non-

participants [1–4]. Moreover, multiple cohort studies have observed consistently lower 

mortality rates among participants versus non-participants [5–16] but whether this difference 

persists, increases, or decreases with long follow-up is uncertain. This topic is increasingly 

relevant as many cohorts were established during 1970–2000 era and their follow-up 

continues.

A well-defined population of non-participants is the key to assess study external validity. 

Due to the lack of data on people who did not participate or were not invited, most cohort 

studies were not able to examine cohort representativeness through direct comparison of 

participants to all non-participants. To evaluate the generalizability of a research cohort, 

previous studies had used active non-respondents (individuals who were invited to be in the 

study but refused to participate) as an approximation for non-participants [18, 19] and 

compared the baseline characteristics between the two group. To get a better estimation, 

some studies chose to resurvey a subgroup of active non-respondents [3] or have linked the 

non-participants’ or active non-respondents’ identifiers to regional or registry data for 

outcome ascertainment [5–9, 11, 13–16,18–20]. However, the follow-up time of these 

previous studies was relatively short, ranging from 2.8–10 years, with only one study 

reaching 15 years of follow-up [11], and each of these studies only examined a single cohort 

[5–8].

We leveraged a private census of Washington County, Maryland with over 40 years of 

follow-up for the ascertainment of mortality by linkage to participation in multiple cohort 

studies. The census provided unbiased data on population characteristics and risk of 

mortality for participants and non-participants alike. A key assumption we made in this 

study was that the differences in mortality rates and risks for death between cohort 

participants and non-participants can be used as indicators to access cohort 

representativeness. The aim of our study was to examine whether cohort representativeness, 

indirectly reflected by survival differences between participants and non-participants, would 

change over decades of follow-up. Our main hypotheses were: 1) participants have a survival 

advantage (i.e. lower risk of death) compared to non-participants; and 2) this survival 

advantage attenuates over follow-up time.
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METHODS

Study design and study population

We linked data from three sources: study cohorts, private census, and a registry of vital 

status from Washington County, Maryland and the United States Social Security 

Administration Death Master File (DMF). The 1975 private census covered over 92% of the 

Washington County population and was used to estimate the source population. We 

compared risk of all-cause mortality between the participants and the non-participants in 

three studies: CLUE I (Campaign Against Cancer and Stroke), CLUE II (Campaign Against 

Cancer and Heart Disease), and ARIC (Atherosclerosis Risk In Communities).

Details regarding the study design of the three cohorts are described elsewhere [21, 22]. 

Briefly, targeting the entire Washington County population (age range 2–98 years) at two 

different time points 15 years apart, CLUE I enrolled 23,951 male and female volunteers in 

1974 and CLUE II enrolled 25,067 volunteers 1989. Both studies used mobile vans and 

general advertising to cover all areas of the county whose adult population was 

approximately 100,000. At the time of recruitment, socio-demographics, brief health 

histories, and biospecimens were collected from participants [21]. CLUE I and CLUE II 

participants were followed-up through questionnaires in 1996, 1998, 2000, 2003 and 2005. 

The ARIC study enrolled 4,020 men and women aged 45–64 years from Washington County 

during 1986–1989 [22]. Investigators collected participants’ information on demographics, 

social factors, and medical conditions. ARIC participants were invited to attend follow-up 

study visits at approximately three-year intervals after the baseline visit (visit 2, 1990–1992; 

visit 3, 1993–1995; visit 4, 1996–1998) and followed subsequently for mortality and 

hospitalizations.

Two private censuses were conducted among Washington County residents in 1963 and 

1975. Census staff distributed and collected a questionnaire asking for information on 

demographics, health behaviors (mainly smoking), and indoor environment at each 

household in Washington County. For the purpose of this analysis, we used the 1975 

Washington County private census data, which was chronologically closer to the CLUE I 

study enrollment and preceded the other cohort studies. Census data was collected on 92% 

of county residents, which allowed us a unique opportunity to identify the vital status of 

individuals who were eligible for the three cohort studies but did not participate. We 

excluded non-white individuals (3%) and adolescents younger than 20 years of age in 1975.

Definition of participation

To identify cohort study participants from the census population, we created a data linkage 

algorithm by matching the following information: individuals’ current last name, first name, 

middle name, and date of birth. For individuals matched with date of birth but mismatched 

with current name, we additionally used the name at birth (first, last, and middle name) to 

establish linkage. A total of 4,361 (18.2%) CLUE I participants, 8,807 (35.1%) CLUE II 

participants, and 1,096 (27.3%) ARIC participants were not linked with the census database 

and were excluded, likely due to migration into the county in the years between the census 
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and study enrollment. Male cohort participants were more likely to not link to the census 

database.

Participants in the CLUE I and CLUE II cohorts volunteered themselves to the study during 

the enrollment period while ARIC investigators actively approached and invited the eligible 

study population. The ARIC study used a known sampling frame randomly drawing age-

eligible individuals from the private census and drivers’ licenses registered at the local motor 

vehicle administration office. Eligible individuals were invited to participate in ARIC by 

study staff in person. Therefore, we were able to divide non-participants into invited non-

respondents and uninvited community members. Among the 6,174 individuals in 

Washington County who were invited to the ARIC study, 2,154 refused to participate. 

Among these invited non-respondents, we identified 1,165 individuals (54.1%) in the 

census.

We used the first four consecutive ARIC visits (visit 1–4) to subdivide participants into full 

participants (individuals who attended all four visits) and partial participants (individuals 

who were alive at the end of ARIC visit 4 on January 30th, 1999 but missed at least one of 

the follow-up visits 2–4). We then analyzed mortality subsequent to visit 4.

Linkage of data sources

The 1975 private census in Washington County, MD included 90,261 individuals. We 

excluded 31,031 individuals younger than 20 years of age in 1975, 692 non-white 

individuals, and 1,442 individuals with missing covariates. After linking the data sources, we 

identified 17,100 CLUE I participants, 12,661 CLUE II participants, and 2,921 ARIC 

participants within the census dataset. In addition, we identified 38,324 eligible non-

participants for CLUE I, and 33,548 eligible non-participants for CLUE II; and 1,165 invited 

non-respondents and 17,830 uninvited community members for ARIC (Figure 1).

Mortality ascertainment

We ascertained deaths through linkage of the census data to the State of Maryland Vital 

Records and United States Social Security Administration Death Master File (DMF). The 

above linkage was based on last name, first name, middle name, sex, and date of birth. 

Follow-up for death was applied uniformly to participants and non-participants in all studies 

(i.e. we used census mortality ascertainment rather than cohort mortality follow-up of 

participants). The administrative censoring date for our mortality ascertainment was August 

31st, 2015. To access potential information bias due to death misclassification, we compared 

the census ascertained deaths against deaths ascertained in the ARIC study (gold standard) 

(Appendix A).

Measurement of other covariates

We used individual-level data on demographics (age, sex), social factors (education, marital 

status), and health characteristics (smoking status, cancer) that were available in the census, 

measured universally for both cohort participants and non-participants. We classified 

education level as less than 12 years, equal to 12 years, or more than 12 years. We defined 

marital status as currently married, never married, or divorced/separated/widowed. We 
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categorized smoking status as never smoker, current smoker, or former smoker. Self-reported 

cancer at baseline was collected through census survey questionnaire and was coded as a 

binary variable. We excluded 1,442 individuals (<2% of the census population) who had 

missing data for any of these covariates.

Statistical analysis

Descriptive statistics for each cohort are presented as means (standard deviation, SD) for 

continuous variables and as counts (%) for categorical variables. We compared baseline 

covariates by participation status using analysis of variance (ANOVA) and chi-square tests. 

Since the CLUE I study started 1 year before the census (1974), the time of entry for CLUE 

I survival analysis was set to 1975 to exclude immortal person time. To calculate age-

standardized mortality rates from participants and non-participants, we used age of the 

whole census population as the standard population. For CLUE I and CLUE II, the standard 

population was the combination of the participants and the non-participants; and for ARIC, 

the standard population was the combination of the participants, the invited non-respondents, 

and the uninvited community members. We created Kaplan-Meier curves to present 

cumulative survival by participation status and performed log-rank tests. We used Cox 

regression models to estimate hazard ratios (HRs) for all-cause mortality by participation 

status for the three studies, stratified by 5-year (ARIC study) or 10-year (CLUE I and CLUE 

II studies) periods of follow-up. We used HRs for mortality during different time intervals as 

an indicator that reflected cohort representativeness at different point of follow-up time. We 

compared the unadjusted relative hazards (model 1) to the estimates adjusted for age and sex 

(model 2) and then further adjusted for education category, marital status, smoking status, 

and self-reported cancer status (model 3). Within ARIC, we also estimated average HRs over 

10-year incremental follow-up periods after ARIC visit 4, comparing the participation 

subtypes of full participants, partial participants, and invited non-respondents to the 

reference group of uninvited non-participants. We performed the statistical analyses with 

Stata statistical software, version 15.0 (StataCorp, College Station, Texas).

RESULTS

Baseline characteristics

At baselines, the age range was 19–96 years in CLUE I (year 1974), 34–97 years in CLUE II 

(year 1989), and 45–65 years in ARIC (year 1986). The mean age was similar between 

participants and non-participants (Table 1). Across the three studies, we found that compared 

to non-participants, participants were more likely to be women, have a high level of 

education (12 years of education or more), be married, and not be a current smoker at the 

time of the census. Participants of CLUE I and II were more likely to report cancer history; 

while in ARIC, cancer status was not significantly different across participation types (Chi-

square test P > 0.05).

Risk of death over time

The median follow-up time was 35 years for CLUE I, 26 years for CLUE II, and 28 years 

for ARIC. Participants had a lower mortality rate than non-participants during the first 10 

years in all three studies (Table 2). The difference in age-standardized mortality rates 
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decreased over time and disappeared after 30 years of follow-up in CLUE I, during 10–20 

years of follow-up in CLUE II, and after 10 years of follow-up in ARIC. After 20 years of 

follow-up, there were higher mortality rates in participants (30.8/1,000 person-years, 95% 

CI 29.3, 32.4) compared to non-participants (22.9/1,000 person-years, 95% CI 22.0, 23.9) in 

CLUE II. In ARIC, we consistently observed higher mortality rates among invited non-

respondents compared to the groups of participants and uninvited community members. The 

survival curves of participants and non-participants converged in the three studies by the 

third to fourth decade after baseline, and the proportional hazard assumption was not met 

(Figure 2, log-rank test P < 0.05, proportional hazard test P < 0.001).

Adjusted relative hazards

We observed a lower hazard of all-cause mortality for participants vs. non-participants 

during the first 10 years of follow-up in all three cohorts (Table 3; Table 4). Adjusting for 

age, sex, education, marital status, smoking status, and cancer history in model 3 reduced 

but did not eliminate the lower risk of death seen among cohort participants relative to non-

participants: 0.72 (0.68, 0.77) in CLUE I, 0.69 (0.65, 0.73) in CLUE II, and 0.80 (0.65, 1.00) 

in ARIC. With non-overlapping following up time stratified into 5- or 10-year periods, 

participants’ survival advantage over non-participants decreased over time. With full 

adjustment, the survival advantage of participants over non-participants disappeared after 

20+ years in CLUE I (20–30 year HR: 1.04, 95% CI 1.00, 1.09), after 10+ years of follow-

up in CLUE II (10–20 year HR: 1.05, 95% CI 1.00, 1.10), and in ARIC (10–15 year HR: 

1.01, 95% CI 0.88, 1.15).

ARIC invited non-respondents had a higher hazard of death during the entire follow-up time 

(model 3 HRs adjusted for age, sex, education, marital status, smoking status, and cancer 

history ranged from 1.14 to 1.44). We found that there was no consistent difference in risk of 

mortality for the enumerated individuals (combination of ARIC participants and invited non-

respondents) compared to the uninvited community members.

The sensitivity analysis examining participants’ survival advantage over non-participants, 

using cumulative follow-up time, confirmed the pattern found in the main analysis (Table S1 

and Table S2).

Full vs. partial participation in ARIC

By the end of ARIC visit 4 (January 1999), 2,700 participants, 1,015 invited non-

respondents, and 16,021 uninvited non-participants were alive. We further classified the 

2,700 participants into 2,295 full participants (attended visits 1 through 4) and 405 partial 

participants (missing at least one of visits 2 to 4). Partial participants had the lowest 

cumulative survival followed by invited non-respondents and the uninvited non-participants 

(general community members) (Figure 2D; log-rank P < 0.001). ARIC full participants had a 

survival benefit compared to the uninvited general community members during the first 10 

years of follow-up, but this advantage attenuated during the second decade of follow-up as 

mortality rates rose slightly faster among full participants (Table S3). The lower hazard of 

death comparing full participants to uninvited community members and the higher hazard of 

death comparing partial participants to uninvited community members attenuated towards 
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over time (Table S4 and Table S5). Invited non-respondents had greater hazards of death 

than uninvited community members during the entire study follow-up time. Adjustment for 

demographics, social factors, and health characteristics explained very little of these survival 

differences.

DISCUSSION

Using three community-based studies, we characterized two major patterns of longstanding 

cohorts. First, there existed initial survival difference between cohort participants and non-

participants after cohort formation but this survival difference gradually diminished over 

follow-up time. We found that the relative lower mortality rate among cohort participants 

persisted for 10 to 20 years in the three cohorts. The lower age-standardized mortality rate of 

participants compared to non-participants disappeared after 10+ years of follow-up in CLUE 

II and ARIC and after 30 years of follow-up in CLUE I. Differences in baseline 

demographics, social factors, and health characteristics did not explain the initial survival 

differences observed in the first decade of follow-up. In ARIC, individuals who declined an 

invitation by study staff (the invited non-respondents) had a higher risk of mortality which 

persisted for two decades compared to both the uninvited community members and ARIC 

participants. Also, in ARIC, partial participants who did not attend all visits had a higher 

risk of mortality than full participants and uninvited community members. Interestingly, full 

participants’ survival advantage compared to the uninvited community members diminished 

over the second decade of follow-up.

The survival advantage of healthy participants to research cohorts resembles in some aspects 

of healthy worker effects (HWE) in occupational studies [23–25]. In terms of mechanism, 

HWE has been viewed as an example of confounding due to unmeasured health status of 

employees and imperfect choice of the using general population as the comparison group. 

However, the nature of the healthy participants effect in our study and other cohort studies 

alike is a combination of confounding and population selection bias. Similar to the patterns 

observed in our study, the HWE of employees over general or unemployed population lasted 

for 3 to 15 years and then attenuated [23, 26, 27]. Some difference could be explained by 

measured confounders while some remained and is attributed to selection and unmeasured 

confounders.

Our results agree with and extend the findings from several other long-standing cohorts. An 

early Framingham Heart Study (FHS) publication [28], comparing the mortality rate of 

participants and non-participants after one decade of follow-up, found that the mortality rate 

was higher among non-participants and it varied according to the reasons for non-

participation. The study concluded that the final cohort participants were not fully 

representative of the pre-defined study target population. The British Regional Heart Study 

(BRHS) [5], which enrolled middle-age men in the community, found a decrease in the 

survival difference of participants relative to non-participants during a median of 7.2 years 

of follow-up. Survival advantages were also observed in the study of Monitoring of Trends 

and Determinants in Cardiovascular Disease (MONICA) [4] with data linkage to the 1990 

census of the Swiss population. Our study extends these results by adjusting for differences 
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in demographics and education as well as exploring how participants’ survival advantage 

changes when follow-up is longer than a decade.

To address the violation of proportional hazard assumption signaled by the crossing Kaplan-

Meier curves (Figure 2), we used two sets of survival models. Using mutually exclusive 

intervals allows the survival modeling to dissect the difference between participants and 

non-participants in each interval. However, concerns have been raised that survival to the 

beginning of each interval influences the subsequent risk [29]. Therefore, we also conducted 

a comparison of cumulative intervals starting at baseline which allows for an overall 

comparison of the groups. Results from the two models were consistent.

The implications of our study are important for people conducting, funding and interpreting 

results from longstanding cohort studies. Longstanding cohorts are particularly valuable for 

conditions where cumulative exposure and long latency are important. For example, 

cumulative exposure to high blood pressure may take decades to result in significant 

cognitive decline, brain changes including amyloid deposition and dementia [30]. Likewise, 

cancer initiators require long latency periods to have their full effects, during which cohort 

participants were exposed to promoters and had sufficient time for tumor growth leading to 

clinical outcomes [31]. In addition, the consequences of changes in exposure, such as 

quitting smoking, are important to study for long-term outcomes [32]. Although it cannot be 

determined whether for a specific exposure (such as blood pressure or a risk factor of 

dementia) the population bias is less as a result of the participants’ survival benefit 

diminishing. Our findings provided evidence that a well-designed long-standing cohort 

could have better external validity and be more representative of the older target population 

than a newly established cohort. With increasing availability of passive follow-up data from 

registry, census, and broader real time “big data,” it is possible to extend our analyses to 

other settings. Given the growing difficulty and cost of establishing new cohorts, 

acknowledging the value of existing long-standing cohorts is noteworthy.

Due the nature of census data, we were only able to adjust for time-fixed baseline covariates 

to assess the change of the relative survival advantage between participants and non-

participants. The lack of data on updated population characteristics restricted our ability to 

quantify changes in the characteristics of participants and non-participants to provide insight 

as to the mechanisms for the shrinking difference in mortality risks between the groups. 

However, for the purpose of examining cohort representativeness, our study does not rely on 

time-updated information for hypothesis testing. Either through active “change in health 

behavior” or “passive preferential deaths” of sicker individuals, the difference in the overall 

health profiles between participants and non-participants became smaller, which contributed 

to our testing the hypothesis of decreased survival advantage of cohort participants.

There are several other limitations to our study. First, our cohorts were recruited from a 

single county which limits generalizability to other research settings. Second, some cohort 

participants could not be linked to the 1974 census. This could be due to not being in the 

county during the census as a result of migration or non-linkage due to a name change. This 

incomplete linkage favoring most stable residents may have resulted in more conservative 

estimation of the initial survival advantage of participants over non-participants as well as 
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the rate of survival advantage decline over time. To maximize linkage between data sources, 

we additionally matched individuals with their name at birth. Finally, given that our vital 

statistics information was based on a local death registry reports and annually updated 

United States DMF, we may have had some misclassification of deaths, especially those 

occurring outside of the State of Maryland. If participants were less likely to move, as 

happened in ARIC, the underestimation of mortality risk due to migration would be more 

relevant to non-participants than to participants. Using the ARIC death ascertainment which 

captured both in-state and out-state deaths as the “gold standard”, we found that the overall 

percentage of missing deaths by the census was less than 7% (Table S6), similar to the 

estimate of missed deaths among participants age 95+ years by the end of follow-up.

In summary, our study characterized the representativeness of a community-based cohort by 

comparing participants’ risk of mortality to that of non-participants. We found that cohort 

participants had a survival advantage over non-participants initially, but this survival 

advantage in these cohorts decreased after the one to two decade of follow-up. Compared to 

non-participants or participants that missed follow-up visits, individuals who participated in 

all study visits had survival profiles that gradually converged to that of the source 

population. Thus, in terms of mortality risk long-standing cohort studies with high follow-up 

rates are expected to be more rather than less similar to the target population over time.

Supplementary Material
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Figure 1. 
Diagram of the study populations including cohort participants and comparison non-

participant groups in the 1975 private census
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Figure 2. 
Kaplan-Meier curves of all-cause mortality by participation in CLUE I (A), CLUE II (B), 

and ARIC (C & D).

Panel A: Cumulative survival of CLUE I participants and non-participants, followed from 

CLUE I baseline in 1974. Panel B: Cumulative survival of CLUE II participants and non-

participants, followed from CLUE II baseline in 1989. Panel C: cumulative survival of ARIC 

participants, invited non-respondents, and uninvited non-participants, followed from ARIC 

baseline visit in 1986–1989; Panel D: cumulative survival of ARIC subtypes of 

participation-full participants, partial participants, invited non-respondents, and uninvited 

non-participants, followed from ARIC visit 4 in 1997–1999.
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Table 3.

Hazard ratio associated with cohort participation compared to non-participants across 10-year stratified 

periods of follow-up time in CLUE I and CLUE II

Models b 10-year period of follow-up
Hazard Ratio (95% CI)

CLUE I CLUE II

Model 1 0–10 year 0.54 (0.51, 0.57) 0.59 (0.56, 0.62)

10–20 year 0.82 (0.78, 0.86) 1.07 (1.02, 1.12)

20–30 year 1.08 (1.03, 1.13) 1.73 (1.62, 1.84)

>30 year 1.31 (1.24, 1.37) NA

Model 2 0–10 year 0.69 (0.65, 0.73) 0.64 (0.60, 0.67)

10–20 year 0.82 (0.78, 0.86) 0.98 (0.93, 1.03)

20–30 year 0.98 (0.93, 1.02) 1.68 (1.57, 1.78)

>30 year 1.24 (1.18, 1.30) NA

Model 3 0–10 year 0.72 (0.68, 0.77) 0.69 (0.65, 0.73)

10–20 year 0.89 (0.85, 0.93) 1.05 (1.00, 1.10)

20–30 year 1.04 (1.00, 1.09) 1.75 (1.64, 1.87)

>30 year 1.30 (1.24, 1.37) NA

Abbreviation: CI: confidence interval; NA: not applicable

a
Model 1: unadjusted; model 2: adjusted for baseline age and sex; model 3 adjusted for baseline age, sex, education level, marital status, smoking 

status, and cancer history.
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Table 4.

Hazard ratio associated with cohort participation status compared to uninvited community members across 5-

year stratified periods of follow-up time in ARIC

Models Follow-up Period Hazard Ratio (95% CI)

Enumerated individuals (n=4,086) Enumerated Individuals

Participants (n=2,921) Invited non-respondents (n=1,165)

Model 1 0–5 years 0.91 (0.76, 1.09) 0.78 (0.62, 0.97) 1.26 (0.96, 1.64)

5–10 years 0.87 (0.76, 1.00) 0.72 (0.60, 0.86) 1.26 (1.02, 1.56)

10–15 years 1.10 (0.98, 1.23) 1.01 (0.89, 1.16) 1.33 (1.11, 1.61)

15–20 years 1.05 (0.94, 1.16) 0.96 (0.85, 1.09) 1.28 (1.08, 1.53)

20–25 years 1.26 (1.15, 1.39) 1.18 (1.05, 1.32) 1.52 (1.29, 1.78)

>25 years 1.15 (0.99, 1.33) 1.06 (0.88, 1.27) 1.35 (1.07, 1.71)

Model 2 0–5 years 0.88 (0.74, 1.05) 0.73 (0.59, 0.91) 1.29 (0.99, 1.69)

5–10 years 0.83 (0.72, 0.95) 0.67 (0.56, 0.80) 1.27 (1.03, 1.57)

10–15 years 1.04 (0.93, 1.17) 0.93 (0.82, 1.07) 1.35 (1.12, 1.63)

15–20 years 0.97 (0.87, 1.08) 0.87 (0.77, 0.99) 1.30 (1.09, 1.55)

20–25 years 1.17 (1.06, 1.29) 1.05 (0.94, 1.18) 1.55 (1.32, 1.82)

>25 years 1.04 (0.90, 1.21) 0.92 (0.77, 1.10) 1.37 (1.08, 1.73)

Model 3 0–5 years 0.92 (0.77, 1.09) 0.80 (0.65, 1.00) 1.16 (0.89, 1.52)

5–10 years 0.86 (0.74, 0.99) 0.73 (0.61, 0.88) 1.14 (0.93, 1.41)

10–15 years 1.08 (0.96, 1.21) 1.01 (0.88, 1.15) 1.24 (1.03, 1.50)

15–20 years 1.00 (0.89, 1.11) 0.93 (0.82, 1.05) 1.18 (0.99, 1.41)

20–25 years 1.18 (1.07, 1.30) 1.09 (0.97, 1.22) 1.44 (1.22, 1.69)

>25 years 1.04 (0.89, 1.21) 0.93 (0.78, 1.12) 1.29 (1.02, 1.64)

a
Model 1: unadjusted; model 2: adjusted for baseline age and sex; model 3 adjusted for baseline age, sex, education level, marital status, smoking 

status, and cancer history.

b
Enumerated individuals (n=4,086) includes 2,921 participants and 1,165 invited non-respondents.
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