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Abstract

Electronic health records and administrative databases provide rich, longitudinal data for
health-related research. These data cover large, diverse populations creating excellent
research opportunities, but have limitations. In particular, information is available only
for individuals who are enrolled in a particular health system; thus, studies often exclude
individual’s with short enrollment history. Such cohort restriction may cause selection bias
in absolute risk estimates for the full enrollee population. We use hazard ratios (HRs)
to estimate the association between length of prior enrollment and cancer and all-cause
mortality risk. HRs diﬀerent from one indicate restricted cohorts would produce biased
risk estimates for the full enrollee population. Our study sample included 170,708 enrollees
of a Western Washington healthcare delivery system. Unadjusted models found individuals
with 10 or more years of prior enrollment had higher risk of cancer and death compared to
those with less than 5 years prior enrollment (HRs ranged from 1.29 − 3.01). Age- and sexadjusted models accounted for much of this diﬀerence (HRs: 0.93−1.24). Models adjusting
for additional covariates had similar results (HRs: 0.91 − 1.14). After evaluating potential
selection bias, we conclude that, in this setting, age- and sex-standardizing risk estimates
can remove most of the bias due to lengthy, prior-enrollment cohort restrictions. Before
generalizing estimates based on a selected sample of patients meeting prior enrollment
criteria, researchers should assess the potential for selection bias.
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1. Introduction
Data collected from electronic health records (EHRs) and administrative databases can
provide rich longitudinal information on large and diverse patient populations to address
important scientific questions (Ryan et al., 2010) Existing and newly forming partnerships
among health care systems and research organizations are increasing access to these data
sources for health care research (Chen et al., 2000; Reisinger et al., 2010; McCarty et al.,
2011; Fleurence et al., 2014; Nelson et al., 2014; Ross et al., 2014). Notably, longitudinal
data are available on increasingly larger cohorts of individuals, making it possible to estimate
the risk of rare events following long-term exposures, such as cancer screening practices.
While large clinical and administrative databases provide many research opportunities,
potential biases can limit their use. In particular, while age and sex are often available on
all enrollees, more detailed patient information is generally only recorded when a person is
seen at a particular health care facility or while insured by the health care organization.
When an individual disenrolls from their health system, information on their subsequent
care is no longer observable. Similarly, when an individual joins a health system, health
care utilization received prior to enrollment is not observed.
The absence of data to form a complete picture of an individual’s health care over a
period of interest can be a particular challenge for epidemiologic studies designed to evaluate
the relationship between exposures, like medication use or cancer screening behavior, and
subsequent cancer risk. Long periods of enrollment might be required on study samples
to ensure accurate exposure data capture from an EHR or administrative database. For
example, average-risk individuals are recommended to begin screening for colorectal cancer
at age 50 in the US (Preventive Services Task Force, 2008). Colonoscopy is a common
method for colorectal cancer screening. Individuals who undergo a colonoscopy and have
no high-risk finding are recommended to wait 10 years for their next screening test. Thus, to
evaluate cancer risk after repeat colorectal cancer screening tests, long periods of continuous
enrollment is required to obtain colonoscopy cancer screening behavior consistently among
study participants.
It is common for studies using EHR or administrative data to restrict the study cohort
to individuals with a minimum number of months of prior enrollment, with the required
length of enrollment varying based on the scientific question of interest (McBean et al., 1993;
Voordouw et al., 2004; Jackson et al., 2006; Hernandez-Diaz and Garcia Rodriguez, 2007;
Bird et al., 2013; Black et al., 2013; Ryan et al., 2013; Turner et al., 2014; Gray et al., 2015;
Nichols et al., 2015). This cohort restriction could result in bias when the risk of disease
in the entire population is the estimand of interest and the risk of disease is associated
with the cohort selection criteria (Hernn et al., 2004). Specifically, if individuals enrolled in
health systems for long periods of time have a lower or higher risk of cancer, then estimates
of cancer risk generated from these longer-term enrollees may not represent the true risk
across the complete enrollee population. In this paper, we investigate the potential for
selection bias based on length of prior enrollment in a study using EHR and administrative
data. Our goal was to assess whether restricting cohort studies based on prior enrollment
created a cohort with a diﬀerent risk of cancer or death than the full enrollee population.
52

Cohort restriction based on prior enrollment: Examining potential selection bias

2. Methods
2.1 Study population
The study population includes individuals aged 40 years and older enrolled in Group Health
on the cohort entry date of January 1st, 2008 who have selected a Group Health clinician
for their primary care and reside in the Puget Sound Surveillance, Epidemiology, and End
Results (SEER) (Cancer Institute and DCCPS and Surveillance Research Program and
Surveillance Systems Branch, 2011) catchment area. Group Health is a not-for-profit mixedmodel health care delivery system located in Washington State. We excluded all individuals
with a known diagnosis of breast, cervical, colorectal, lung or prostate cancer on or before
December 31st, 2007.
2.2 Outcomes and covariates
We considered the 5-year risk of incident breast, cervical, colorectal, lung, and prostate
cancer as well as all-cause mortality. Cancer incidence data were obtained from SeattlePuget Sound SEER (Cancer Institute and DCCPS and Surveillance Research Program and
Surveillance Systems Branch, 2011). Deaths were collected from Group Health administrative data that draw on a number of sources including the Washington State Department
of Health. Event data were obtained through December 31st, 2012, or up until individuals
died or were censored due to disenrollment from Group Health.
We obtained a patients age and sex from administrative data available for all enrollees.
Additionally, for individuals enrolled in Group Health for the year prior to cohort entry (i.e.
from January 1 to December 31, 2007) we collected race, tobacco use, Charlson comorbidity
score (Charlson et al., 1987) and body mass index from EHR data. We formed three groups
of individuals based on their length of enrollment prior to January 1, 2008: less than 5
years, 5 to10 years, and 10 or more years.
2.3 Statistical analyses
We described diﬀerences in measured covariates between individuals enrolled for diﬀering
lengths of time prior to cohort entry using means and standard deviations for continuousvalued variables, with corresponding ANOVA p-values and percentages and raw numbers for
categorical variables, with corresponding chi-squared p-values. We report the median and
interquartile range for the length of observed follow-up for each of the enrollment groups as
well as the proportion of individuals who were enrolled for the full 5-year follow-up period.
We estimated hazard ratios (HRs) comparing the 5-year risk of each outcome in the two
groups with longest enrollment history (5 to 10 years and 10 or more years) compared to
individuals with the shortest enrollment history (less than 5 years). HRs diﬀerent from one
imply unadjusted risk estimates obtained from a cohort restricted by enrollment history
would be biased estimates of the true risk in the full enrollee population. We first estimated
separate unadjusted Cox proportional hazard models for each cancer considered and allcause mortality using length of prior enrollment as a predictor to estimate the diﬀerences
in risk for individuals with varying amounts of prior enrollment.
We fit parsimonious age- and sex-adjusted Cox proportional hazards models. We note
here that three of the cancers we considered (prostate, cervical, and breast) are sex-specific
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diseases, thus corresponding parsimonious models included only age as a covariate. If ageand sex-adjusted HRs are diﬀerent from one, then accounting for age and sex diﬀerence
between the full enrollee population and the restricted cohort would not fully account
for selection bias. Conversely, estimated HRs close to one indicate that risk estimates
calculated in a restricted cohort standardized to the age and sex distribution of the full
enrollee population would lead to unbiased risk estimates for the full population.
Lastly, we estimated a Cox model that adjusted for demographic information and general
health history in addition to age and sex. Specifically, this accounted for patient age (4049, 50-59, 60-69, 70-79, and 80+ years), sex, race and ethnicity (Asian, Non-Hispanic
Black, Hispanic, Native Hawaiian/Pacific Islander, Native American/Alaskan Native, nonHispanic White, Multiple Races, Unknown), tobacco use (never, ever current), Charlson
score (0,1,2+), and body mass index (<25, 25-30, 30-35, 35-40, 40+ kg/m2 ). This model
was estimated in a cohort of individuals who were enrolled at least 1 year prior to January 1,
2008 to ensure covariate information was available. Thus, the shortest enrollment category
for this model was less than 5 years but at least one year prior enrollment. Since this
reference group definition is diﬀerent than the reference group for the unadjusted and ageand sex-adjusted models, we refit both models restricting the reference group to patients
with at least one year of prior enrollment.
We estimated and plotted Kaplan-Meier curves (Kaplan and Meier, 1958; Cole and
Hernn, 2004) for the full enrollee population for all cancer outcomes considered and allcause mortality. To visually compare results from a restricted cohort analysis age- and
sex-standardized to the full enrollee population, we plotted inverse probability weighted
Kaplan-Meier curves for the cohort restricted to those individuals enrolled in Group Health
for 10 or more years. We constructed age- and sex-standardized inverse probability weights
for each individual in the enrollment restricted cohort by calculating the probability of the
individual belonging to an age- and sex-strata in the full enrollee population divided by
the probability of belonging to the same strata in the restricted cohort. All analyses were
performed in Stata Version 13.1 (StataCorp, 2013), and this study was approved by the
Group Healths institutional review board.

3. Results
A total of 170,708 individuals aged 40 to105 years were included in our study sample. Of
these, 31% had been enrolled in Group Health for less than 5 years (median: 1.9 years
of prior enrollment), 17% had been enrolled in Group Health for between 5 and 10 years
(median: 7.1 years), and 52% had been enrolled for 10 or more years at cohort entry
(median: 15.1 years). We report the diﬀerences among measured covariates by length of
prior enrollment in Table 1. Notably, those who had been enrolled for 10 or more years
were on average older, 62.0 years with a standard deviation (sd) of 12.7 years compared
to an average age of 55.8 years (sd=11.4 years) for individuals enrolled for 5 to 10 years
and 52.8 years (sd=9.6 years) for those enrolled less than 5 years. The sex distribution was
similar, about 54% female, across enrollment groups, as was body mass index, with a mean
of about 29 kg/m2 in all three groups.
The distribution of tobacco use was slightly diﬀerent between the groups with 47% of
individuals with the shortest prior enrollment having never smoked, compared to 56% and
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58% in the groups with 5 to 10 years and 10 or more years of prior enrollment, respectively.
As expected, since those with longer enrollment history were on average older, Charlson
score increased as the length of prior enrollment increased. Of individuals who had 10 or
more years of prior enrollment, 74% had a Charlson score of 0, while 80% of individuals
with between 5 − 10 years and 84% of those with less than 5 years of prior enrollment had a
Charlson score of 0. All p-values associated with ANOVAs and chi-squared tests evaluating
diﬀerences in measured covariates across the three enrollment groups were less than 0.001.
Length of follow-up was also slightly diﬀerent between the three groups with 61%
(n=32099) of individuals with the shortest enrollment history having the full 5 years of
follow-up, while 77% (n=22768) of those with 5 to 10 years and 89% (n=78735) of those
with more than 10 years of enrollment had the full 5 years of follow-up. The median length
of follow-up time for all three enrollment groups was 5 years.
During the 5 year follow-up period, we observed 1514 breast, 387 cervical, 684 colorectal,
829 lung, and 982 prostate cancer incident events, and 9246 deaths due to any cause (Table
2). This corresponds to a 5-year mortality risk rate, estimated from the Kaplan-Meier
curve in the full enrollee population, of 0.0625 with a 95% confidence interval (CI) of
(0.0613, 0.0638). The 5-year incidence of each of the cancer types under consideration were
as follows: 0.0105 (0.0100, 0.0110) for breast, 0.0027 (0.0024, 0.0030) for cervical, 0.0047
(0.0043, 0.0050) for colorectal, 0.0057 (0.0053, 0.0061) for lung, and 0.0068 (0.0064, 0.0072)
for prostate.
Results from unadjusted models indicated a higher risk for all cancers considered and
all-cause mortality in the group of individuals with the longest prior enrollment (>10 years)
compared to those with less than 5 years of prior enrollment; HRs ranged from 1.29 − 3.01,
with all 95% CIs excluding one. HRs for individuals with between 5 and 10 years prior
enrollment were closer to one, but still showed a higher risk of incident colorectal, lung, and
prostate cancer as well as all-cause mortality compared with individuals with less than 5
years of prior enrollment (HRs ranged from 0.98 − 1.56).
Adjusting for age and sex produced HRs close to one for both longer prior enrollment
groups for all cancers considered and all-cause mortality (HRs ranged from 0.93 to 1.24).
For all outcomes, models that adjusted for demographic information and general health
history had similar HR estimates as the model that adjusted for only age and sex (HRs
ranged from 0.91 to 1.14). Estimates from the unadjusted and age- and sex- adjusted
models with the same reference group as the demographic and general health history model
were very similar to the results presented in Table 2 (see Appendix). As shown in Figure 1,
age- and sex-standardized Kaplan-Meier curves for the restricted cohort requiring 10+ years
enrollment prior to cohort entry, produce Kaplan-Meier curves very similar to Kaplan-Meier
curves constructed in the full enrollee population.

4. Conclusion
In this study, length of prior enrollment was strongly associated with risk of all cancers
considered and mortality in unadjusted models. This increased risk appeared to be mostly
due to the fact that individuals with the longest prior enrollment were on average older
than the other enrollment groups. Accounting for age and sex in restricted cohort models
for all outcomes resulted in HRs that were very near one, with all 95% CIs including one,
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Table 1: Distribution of covariates by length of prior enrollment.
Length of Group Health enrollment prior to January 1, 2008

less than 5 years 5-10 years†
10 or more years
(N=52582)
(N=29637)
(N=88489)
Age: 40-49 years
43% (22443)
34% (10188) 16% (14369)
50-59 years
36% (18923)
34% (9960)
33% (28932)
60-69 years
16% (8345)
18% (5337)
24% (21667)
70-79 years
4% (1865)
10% (2870)
14% (12684)
80+ years
2% (1006)
4% (1282)
12% (10837)
Sex: female
54% (28433)
54% (16097) 55% (48965)
Body mass index∗ : < 25 kg/m2
24% (9090)
27% (7946)
28% (24813)
25-30 kg/m2
30% (11353)
33% (9867)
35% (31015)
30-35 kg/m2
18% (6764)
19% (5575)
20% (17272)
2
35-30 kg/m
8% (3112)
8% (2437)
8% (7176)
40+ kg/m2
6% (2158)
6% (1690)
5% (4570)
Unknown
15% (5873)
7% (2122)
4% (3643)
Tobacco use∗ : Never
47% (18082)
56% (16489) 58% (51608)
Previous
25% (9640)
28% (8260)
31% (27406)
Current
15% (5621)
13% (3828)
9% (8208)
Unknown
13% (5007)
4% (1060)
1% (1267)
∗
Race : Asian
9% (3403)
9% (2650)
5% (4827)
Non-Hispanic Black
4% (1584)
4% (1198)
4% (3218)
Hispanic
2% (712)
2% (571)
2% (1912)
Native Hawaiian/Pacific Islander 1% (257)
1% (199)
1% (442)
Native American/Alaskan Native 1% (266)
1% (252)
1% (643)
non-Hispanic White
56% (21382)
65% (19335) 77% (68464)
Multiple Races
2% (650)
2% (486)
1% (1230)
Unknown
26% (10096)
17% (4946)
9% (7753)
Charlson score∗ : 0
84% (32049)
80% (23615) 74% (65818)
1
11% (4339)
14%(4119)
16% (14194)
2+
5% (1962)
6% (1903)
10% (8477)
Number of years prior enrollment‡
1.92 (0.8, 3.2)
7.1 (6.1, 8.2) 15.1 (15.1, 15.1)
Number of years of follow-up‡
5.0 (2.75, 5.0)
5.0 (5.0, 5.0) 5.0 (5.0, 5.0)
∗ In order to obtain covariate information beyond age and sex, some minimal amount of enrollment
criteria (1 year) was needed. This reduced the number of individuals in the shortest enrollment
history group to 38350, which we used as the denominator for calculating percentages in the
shortest enrollment period for body mass index, tobacco use, race/ethnicity and Charlson score.
† Enrollment group includes individuals enrolled at least 5 years but less than 10 years.
‡ Median with interquartile range in parentheses.
Covariates
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Table 2: Comparison of cancer and all-cause mortality hazard ratios by prior enrollment
duration.
Length of prior
enrollment

Breast
cancer

Cervical
cancer

Colorectal
Lung
Prostate
All-cause
cancer
cancer
cancer
mortality
Number of events
< 5 years
345
90
110
156
168
1144
≥ 5 & <10 years
258
56
102
133
143
1144
≥ 10 years
911
241
472
540
671
6958
Unadjusted hazard ratios [95% CI]
< 5 years
Ref
Ref
Ref
Ref
Ref
Ref
≥ 5 & <10 years
1.17
0.98
1.47
1.35
1.34
1.56
[1.00‡ , 1.38] [0.70, 1.36] [1.12, 1.93] [1.07, 1.70] [1.07, 1.68]
[1.44, 1.70]
≥ 10 years
1.29
1.31
2.17
1.74
2.05
3.01
[1.15, 1.47] [1.03, 1.67] [1.76, 2.67] [1.46, 2.08] [1.73, 2.42]
[2.83, 3.20]
Age- and sex-adjusted hazard ratios [95% CI]
< 5 years
Ref
Ref
Ref
Ref
Ref
Ref
≥ 5 & <10 years
1.09
0.93
1.16
0.99
1.09
0.96
[0.93, 1.28] [0.67, 1.30] [0.88, 1.52] [0.78, 1.25] [0.87, 1.36]
[0.89, 1.05]
≥ 10 years
1.09
1.13
1.24
0.86
1.17
0.98 ]
[0.96, 1.25] [0.88, 1.45] [1.00, 1.55] [0.72, 1.04] [0.98, 1.39]
[0.92, 1.05]
Demographic and general health history adjusted hazard ratios [95% CI]∗
< 5 years†
Ref
Ref
Ref
Ref
Ref
Ref
≥ 5 & <10 years
1.05
0.91
1.08
1.05
1.07
0.99
[0.89,1.25] [0.64, 1.30] [0.81, 1.44] [0.82, 1.35] [0.84, 1.36]
[0.90, 1.08]
≥ 10 years
1.05
1.08
1.14
0.98
1.09
0.99
[0.90,1.21] [0.81, 1.43] [0.90, 1.45] [0.80, 1.21] [0.90, 1.32]
[0.93, 1.07]
∗ Demographic and general health history model included as covariates: age, sex, race,
Charlson score, tobacco use and body mass index.
† Reference group includes individuals who had at least 1 year prior enrollment and less than 5 years
of enrollment, in contrast to unadjusted and age- and sex-adjusted models, which includes all
individuals with less than 5 years prior enrollment, including those with less than 1 year enrollment.
‡ Round forces bound to be equal to 1.00, but true confidence interval does not include one.
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Figure 1: Kaplan-Meier curves in the full enrollee population (Full Cohort) and weighted
Kaplan-Meier curves in the cohort restricted to individuals with at 10+ years
prior enrollment (Restricted cohort, weighted). Weighted analyses standardize
the restricted cohort to the age and sex distribution of the full enrollee population.
We restricted the y-axis to allow for visual comparison of Kaplan-Meier curves.
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and Kaplan-Meier curves very similar to those in the full enrollee population. Accounting
for additional covariates resulted in minimal change in HRs; it appears that age and sex
accounted for the majority of the risk diﬀerences by length of prior enrollment.
There is a growing literature on the impact of imposing enrollment criteria in recordsbased observational studies to select cohorts and capture covariate information on potential confounders. In particular, Roberts et al. studied the impact of varying the length
of required prior enrollment in new user study designs for pharmacoepidemiologic studies (Roberts et al., 2015). It is common in such studies to require a washout period, a
period of time in which no medicine dispensing has occurred, in order to define a cohort
of “new users” of a medication. Roberts et al. (2015) found misclassification rates for
new medication use of approximately 50% using a washout of 6 months and of 30% using a
washout of 12 months, suggesting that a 12 month or less washout period may be insuﬃcient
for a new user study design (Roberts et al., 2015). Riis et al. (2015) found similar results in
their analysis of lengths of look-back periods for new user studies, recommending two years
or longer for some medication types (Riis et al., 2015). Enforcing longer washout periods
for studies, requires restricting cohorts to populations of individuals who are enrolled and
have coverage information available during the full time period.
Some work has reported on the uses of variable length look-back periods to define covariates. That is, authors assessed whether study investigators should use the same look-back
time to define covariates for all individuals or use all available information even if the time
frame that covariates are defined over varies across individuals included in the study. Both
studies concluded that using all available information could reduce potential confounding,
but both studies required a minimum amount of enrollment on all cohort members (Brunelli
et al., 2013; Gilbertson et al., 2015). Gilbertson et al. (2015) acknowledged that defining a
look-back period is a balancing act that takes into account potential misclassification bias
on one hand and potential selection bias on the other. Our study focused on this latter
type of bias investigators must weigh the impact of when designing a study. That is, the
potential for selection bias to be induced by restricting a cohort to have long periods of
prior enrollment in order to ascertain exposure and covariate information. As more studies
implement enrollment restrictions, it is increasingly important to understand the impact of
such restrictions on the validity of results.
This study was conducted using data gathered from Group Health members aged 40
years and older, thus the generalizability of these results to younger age groups and other
outcomes should be explored. We were able to identify mortality and cancer events for
individuals only if they were enrolled in Group Health during the follow-up period. Since,
the length of follow-up across the diﬀerent enrollment groups varied, our estimates could
have been influenced by censoring; although the majority of individuals were enrolled in
Group Health for all 5 years of follow-up. Additionally, we were only able to ascertain prior
cancer occurrence for individuals while they were enrolled at Group Health; it is likely that
we have more complete cancer information history for those individuals who were enrolled
longer prior to January 1, 2008. Therefore, it is possible that we included more individuals
with a prior cancer diagnosis in the group with less than 5 years prior enrollment than in
the groups with longer enrollment history. Race and ethnicity, as well as tobacco use and
body mass index, were missing on some individuals; had this information been observed
on everyone it is possible that these covariates could have accounted for some additional
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residual bias. Lastly, we were unable to ascertain family history of cancer, a risk factor for
both cancer risk and mortality, to assess how adjustment for family history might further
reduce residual bias.
We conclude that longitudinal, cohort studies investigating incident cancer and allcause mortality risk that use a restricted cohort based on length of prior enrollment may
produce valid risk estimates for the full enrollee population if analyses account for age and
sex. Accounting for additional demographic and health history information could further
reduce potential bias, but based on the results in this setting, age- and sex-adjusted models
appear to adequately account for much of the apparent diﬀerence in cancer incidence and
all-cause mortality among persons with diﬀerent lengths of prior enrollment. This finding
is extremely promising because age and sex are often completely captured in EHR and
administrative databases. Researchers conducting studies using restricted cohorts should
evaluate the potential for selection bias in their particular setting before making conclusions
about the full enrollee population.
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Appendix
In the main manuscript we report results for unadjusted and age- and sex-adjusted hazard
ratios in the full Group Health populations regardless of how long individuals were enrolled
prior to January 1, 2008. In order to ascertain demographic and general health history
information individuals in the shortest enrollment category with less than 1 year of Group
Health enrollment were excluded from the Cox model used to estimate hazard ratios for the
demographic and general health history adjusted model reported in the main manuscript.
This appendix reports the results of sensitivity analyses (Table 3) excluding individuals with
less than 1 year of Group Health enrollment from the shortest enrollment category for all
models (including unadjusted and age- and sex- adjusted models). The results reporting the
hazard ratios from the demographic and general health history adjusted model are nearly
identical to those reported in Table 2 of the main manuscript.
Table 3: Comparison of cancer and all-cause mortality hazard ratios by prior enrollment
duration.
Length of prior
enrollment

Breast
cancer

Cervical
cancer

Colorectal
Lung
Prostate
All-cause
cancer
cancer
cancer
mortality
Number of events
≥ 1 & <5 years†
261
72
92
118
130
922
≥ 5 & <10 years
258
56
102
133
143
1144
≥ 10 years
911
241
472
540
671
6958
Unadjusted hazard ratios [95% CI]
≥ 1 & <5 years†
Ref
Ref
Ref
Ref
Ref
Ref
≥ 5 & <10 years
1.16
0.92
1.32
1.35
1.32
1.47
[0.98, 1.38] [0.65, 1.30] [1.00, 1.76] [1.05, 1.73] [1.04, 1.68] [1.35, 1.60]
≥ 10 years
1.29
1.23
1.96
1.74
2.02
2.83
[1.12, 1.48] [0.95, 1.60] [1.56, 2.44] [1.42, 2.12] [1.67, 2.43] [2.63, 3.03]
Age- and sex-adjusted hazard ratios [95% CI]
†
≥ 1 & <5 years
Ref
Ref
Ref
Ref
Ref
Ref
≥ 5 & <10 years
1.10
0.88
1.08
1.04
1.12
0.97
[0.92, 1.31] [0.62, 1.25] [0.81, 1.43] [0.81, 1.33] [0.88, 1.42] [0.89, 1.06]
≥ 10 years
1.11
1.06
1.15
0.90
1.20
0.99
[0.96, 1.28] [0.81, 1.39] [0.92, 1.46] [0.74, 1.11] [0.99, 1.45] [0.92, 1.06]
Demographic and general health history adjusted hazard ratios [95% CI]∗
†
≥ 1 & <5 years
Ref
Ref
Ref
Ref
Ref
Ref
≥ 5 & <10 years
1.05
0.91
1.08
1.05
1.07
0.99
[0.89, 1.26] [0.64, 1.30] [0.81, 1.44] [0.82, 1.35] [0.84, 1.36] [0.90, 1.08]
≥ 10 years
1.05
1.08
1.14
0.98
1.09
0.99
[0.90, 1.21] [0.82, 1.43] [0.90, 1.45] [0.80, 1.21] [0.90, 1.32] [0.92, 1.07]
∗ Demographic and general health history model included as covariates: age, sex, race,
Charlson score, tobacco use and body mass index.
† Reference group includes individuals who had at least 1 year prior enrollment and less than
5 years of enrollment.
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