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Abstract

Background

Investigators often use claims data to estimate the diagnosis timing of chronic conditions.

However, misclassification of chronic conditions is common due to variability in healthcare

utilization and in claims history across patients.

Objective

We aimed to quantify the effect of various Medicare fee-for-service continuous enrollment

period and lookback period (LBP) on misclassification of COPD and sample size.

Methods

A stepwise tutorial to classify COPD, based on its diagnosis timing relative to lung cancer

diagnosis using the Surveillance Epidemiology and End Results cancer registry linked to

Medicare insurance claims. We used 3 approaches varying the LBP and required continu-

ous enrollment (i.e., observability) period between 1 to 5 years. Patients with lung cancer

were classified based on their COPD related healthcare utilization into 3 groups: pre-existing

COPD (diagnosis at least 3 months before lung cancer diagnosis), concurrent COPD (diag-

nosis during the -/+ 3months of lung cancer diagnosis), and non-COPD. Among those with 5

years of continuous enrollment, we estimated the sensitivity of the LBP to ascertain COPD

diagnosis as the number of patients with pre-existing COPD using a shorter LBP divided by

the number of patients with pre-existing COPD using a longer LBP.

Results

Extending the LBP from 1 to 5 years increased prevalence of pre-existing COPD from ~

36% to 51%, decreased both concurrent COPD from ~ 34% to 23% and non-COPD from ~

29% to 25%. There was minimal effect of extending the required continuous enrollment
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period beyond one year across various LBPs. In those with 5 years of continuous enroll-

ment, sensitivity of COPD classification (95% CI) increased with longer LBP from 70.1%

(69.7% to 70.4%) for one-year LBP to 100% for 5-years LBP.

Conclusion

The length of optimum LBP and continuous enrollment period depends on the context of the

research question and the data generating mechanisms. Among Medicare beneficiaries,

the best approach to identify diagnosis timing of COPD relative to lung cancer diagnosis is

to use all available LBP with at least one year of required continuous enrollment.

Author summary

Healthcare data such as electronic health records and health insurance claims is a rich

resource to study outcomes of chronic medical conditions such as chronic obstructive

pulmonary disease (COPD). However, it can be tricky to determine the optimal period of

searching the claims to identify the first diagnosis time of a chronic condition. In this

study, we explored three approaches to optimize classification of COPD diagnosis based

on a variety of Medicare claims search periods and observability (required continuous

periods of enrollment) periods. We used a large dataset of Medicare claims linked to

SEER cancer registry including more than 158,000 Medicare beneficiaries to identify diag-

nosis timing of COPD relative to lung cancer diagnosis. We observed that the most effi-

cient approach to classify COPD diagnosis timing is to use all available historical claims

data while requiring a minimum of one year of Medicare continuous enrollment. Our

findings will help researchers concerned about accuracy of diagnosis timing of chronic

conditions such as COPD and loss in sample size, especially when long periods of contin-

uous insurance enrollment isn’t feasible.

Introduction

Investigators often want to use administrative healthcare data to estimate the timing of initial

diagnoses of chronic conditions to examine its association with health outcomes. However,

healthcare utilization (HCU) data (electronic health records (EHRs) and administrative

claims) can be discontinuous based on several factors such as insurance coverage, healthcare

access, and severity of the underlying condition, which could prevent achieving this goal. To

estimate the time of first diagnosis of a chronic condition, the current recommendations sug-

gest ensuring at least one or two years of observable lookback period prior to the appearance

of the chronic condition diagnosis in the claims [1]. The observability period is frequently

approximated by the continuous enrollment period (i.e., membership period in coverage

through a particular insurance provider), while the look back period (LBP) is the claim search

period for indicators of case definition before the index date (e.g., the baseline date or date of

diagnosis of a second condition). The LBP could extend to the beginning of all patient data

(“all available” LBP) or it extend for fixed amount of time (“fixed” LBP) [2,3]. When the

observable LBP period is too short, under-ascertainment of a chronic condition or misclassifi-

cation of its first diagnosis date can occur because it is not possible to distinguish between

missing data and absence of the condition. Indeed, a short continuous enrollment period
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might result in missing some patients who don’t have HCU related to the chronic condition

within that period, or incorrectly classifying their condition diagnosis as incident instead of

prevalent [4,5].

To mitigate concerns of “missing” a condition due to shorter continuous enrollment peri-

ods, another approach is to restrict the study to those with long periods of continuous enroll-

ment (e.g., 2 or more years). However, basing the study inclusion criteria on longer period of

continuous enrollment can lead to selection bias and limit generalizability of the study results

due to inadvertent exclusion of younger populations (especially with age-dependent insurance

enrollment such as Medicare), groups of patients who have intermittent access to health insur-

ance, or patients with mild underlying chronic conditions. In addition, restricting the popula-

tion to patients with longer continuous enrollment might be inefficient due to reductions in

sample size which can impact the power of the study to detect an association [6]. Previous

research have examined the impact of shorter versus longer continuous enrollment on

patients’ classification in pharmacoepidemiology studies [7], as well as “fixed” LBPs versus “all

available” LBPs in ascertainment of incident versus prevalent chronic conditions [2] and con-

trol of confounders using both real world and simulation data [8,9].

In this paper we illustrate a stepwise tutorial for using administrative claims (Medicare)

data to optimally classify a commonly occurring chronic condition, chronic obstructive pul-

monary disease (COPD), based on its diagnosis timing relative to lung cancer diagnosis. Our

objectives are to identify whether each patient with lung cancer has COPD, and if yes, whether

COPD diagnosis was prevalent (pre-existing) versus incident (concurrent) at the time of lung

cancer diagnosis. We consider how parsing through various periods of lookback and continu-

ous enrollment (observability) can impact classification of COPD diagnosis timing, while con-

sidering the sample size and generalizability of the study results.

Motivating example

COPD is a common comorbidity and an important determinant of lung cancer outcomes

[10,11]. However, COPD is frequently underdiagnosed in the general population, and is some-

times not identified until a patient presents with another lung-related condition, such as lung

cancer [12,13]. We conducted a study to estimate prevalence versus incidence of COPD diag-

nosis among a cohort of Medicare beneficiaries with lung cancer, with consideration of when

COPD was first diagnosed relative to incident lung cancer diagnosis. Because healthcare utili-

zation of COPD varies with disease severity, access to healthcare, underlying comorbidities

and frailty, the correct LBP and continuous enrollment period for establishing a classification

of COPD were not immediately clear. Therefore, we varied the LBP and the required continu-

ous enrollment period from one to five years to examine the impact of longer vs. shorter peri-

ods on classification of COPD diagnostic timing. We also demonstrated the impact of

requiring longer versus shorter periods of continuous enrollment on sample size, the sociode-

mographic and clinical composition of the population under study.

Methods

Data source

We used the National Cancer Institute’s Surveillance, Epidemiology and End Results (SEER)

cancer registry data linked to Medicare enrollment and insurance claims data from the Centers

for Medicaid and Medicare Services (CMS). The SEER-Medicare data reflect linkage of two

large population-based sources to provide detailed information about Medicare beneficiaries

with cancer. The SEER database includes data from 21 cancer registries and represents approx-

imately 40% of the US population [14]. The SEER registry file includes clinical,
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sociodemographic and cause of death information for patients with cancer. The Medicare fee-

for-service (FFS) claims files includes billed health care services that occurred in different set-

tings (e.g., hospitals, physician offices, outpatient clinics) from the time of a person’s Medicare

enrollment until death.

Study population

The baseline study population included Medicare beneficiaries who were newly diagnosed

with primary invasive lung cancer between 2008 to 2017. We excluded patients who were diag-

nosed at autopsy or only on their death certificate, had lung cancer staged in situ, had previous

history of cancer, or were younger than 66 years old (Fig 1). For the baseline analysis, we

included patients who had continuous enrollment in parts A and B fee for service without

health maintenance organization (HMO) coverage for at least 12 months before to 3 months

after lung cancer diagnosis (or until death). For exploration, we identified 4 subpopulations of

the baseline population with longer continuous enrollment periods of 2, 3, 4, and 5 years prior

to lung cancer diagnosis. To ensure that all study participants were representative of the Medi-

care population (and the older adult population with lung cancer in the US), we excluded

patients younger than 67, 68, 69, and 70 years of age for the subpopulations with required lon-

ger continuous enrollment periods of 2, 3, 4, and 5 years, respectively.

Since assumptions made about the data are important to interpret the study approach and

results [15], we explicitly state ours: we assumed that Medicare claims is a valid source of data

for ascertainment of COPD diagnosis based on its related healthcare utilization; and that once

COPD is diagnosed, the patient will live with COPD until lung cancer diagnosis or until death.

We considered the longest LBP to be 5 years before lung cancer diagnosis to minimize missing

data among patients younger than 70 years old.

Exposure

To identify patients with comorbid COPD, we used a previously validated algorithm of ICD

codes against pulmonologists chart review for pulmonary function testing and other clinical

Fig 1. Look back periods (LBPs) and observability (i.e., Medicare fee-for-service continuous enrollment) periods

used in Methods 1,2,3 of the study to ascertain COPD diagnosis timing relative to the index date (incident lung

cancer diagnosis).

https://doi.org/10.1371/journal.pdig.0000633.g001
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indicators of COPD diagnosis (sensitivity = 85%, specificity = 78.4%) [16,17]. Following this

algorithm, we considered COPD diagnosis with one or more of the following ICD diagnosis

codes: ICD-9 (491, 491.2, 492, 496) or ICD-10 (J40, J41, J43.0, J43.1, J43.2, J43.8, J43.9, J44).

We classified COPD based on its related healthcare utilization in Medicare claims into: pre-

existing COPD, defined as having the first COPD diagnostic code identified at least 3 months

before lung cancer diagnosis, and concurrent COPD, defined as having the first COPD diag-

nostic code +/-3 months from the lung cancer diagnosis.

Covariates

We described the patient populations by their sociodemographic characteristics, including age

at lung cancer diagnosis, sex, race and ethnicity, marital status, census tract-based estimates of

socioeconomic status (Yost US-based quintile) [18], residence [19], SEER registry region, and

year of lung cancer diagnosis (2008–2017).

Approaches to classify COPD diagnosis timing relative to lung cancer

diagnosis

We used three methods to estimate diagnosis timing of initial COPD relative to lung cancer

diagnosis in our study population:

Method 1: COPD Classification based on a fixed one-year LBP for the baseline cohort

with at least one-year continuous enrollment: Our primary classification of COPD diagnosis

timing was based on a one-year LBP searching the claims for evidence of COPD-related HCU

among patients with at least one year of continuous enrollment. If the earliest diagnosis code

for COPD occurred at least 3 months prior to lung cancer diagnosis, we considered the patient

to have pre-existing COPD diagnosis, while if it occurred during the lung cancer peri-diagno-

sis period (-3 months to +3 months from cancer diagnosis) [20] we considered the patient to

have concurrent COPD. Given that some patients may visit their doctors less than once per

year, this one-year LBP might not be sufficient to capture the true prevalence of pre-existing

COPD. Therefore, we decided to extend the LBP beyond one year to identify additional

claims-based evidence of COPD diagnosis that may have occurred earlier (Method 2).

Method 2: COPD classification based on all available LBPs (truncated at 5 years) for the

baseline cohort with at least one year of continuous enrollment. Using the same baseline

cohort (with required one year of continuous enrollment as Method 1), we extended the LBP

to 2, 3, 4, and 5 years before lung cancer diagnosis to identify additional evidence of pre-exist-

ing COPD. Note that this method is similar to the all-available LBP approach but is truncated

at 5 years to avoid missing data among patients younger than 70 years old. In addition, we

excluded individuals with early “atypical” Medicare eligibility who are less than 65 years old at

the time of enrollment because they are not representative of the older adult population with

lung cancer in the US [21]. However, the all-available LBP could introduce misclassification

that differentially impacts younger patients whose continuous enrollment period of one year is

shorter than the specified LBPs of 2, 3, 4, and 5 years. For example, a patient who is 66 years

old at the time of lung cancer diagnosis will not have more than one year of continuous Medi-

care enrollment because Medicare enrollment begins at 65 years old. Therefore, we tried

method 3.

Method 3: COPD Classification based on 1, 2, 3, 4, and 5 year LBPs for cohorts with at

least 5 years of continuous enrollment: To avoid misclassification of patients with shorter

continuous enrollment, we extended the required period of continuous enrollment to match

the longer LBPs of 2, 3, 4, and 5 years. Note that Method 3 now introduces the potential for
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reduction in sample size and generalizability of our study population, especially for younger

patients who might not have sufficient enrollment prior to their cancer diagnosis (Fig 1).

Statistical significance of differences between methods

We used Cohen’s Kappa test [22] to compare the agreement between Method 1 and method 2

since they have the same baseline population (n = 185,405). We didn’t compare method 3 with

either methods 1 or 2 since it is based on the subpopulation with 5 years continuous enroll-

ment (n = 136,335).

Sensitivity of various LBPs to classify COPD

We assumed that sensitivity of a LBP to classify COPD will increase if we ensured observability

(required continuous enrollment for the entire length of the LBP). Therefore, we measured

sensitivity of various LBPs (1, 2, 3, 4 years) against the longest LBP of 5 years (the reference

perios) among patients with at least 5 years of Medicare continuous enrollment. Sensitivity of

a LBP was calculated as the number of individuals with pre-existing COPD using a shorter

LBP divided by the number of individuals with pre-existing COPD using the 5-year LBP (the

reference period). The upper and lower limits of 95% confidence interval were calculated

based on standard error equations [23] (S1 Text). Because prevalence of pre-existing COPD

diagnosis consistently increased with longer LBPs, we set the specificity to 100% across all peri-

ods of lookback and continuous enrollment (i.e., no false positive diagnosis of pre-existing

COPD).

Statistical significance of differences between methods

We used Cohen’s Kappa test [22] to calculate the inter-rater agreement (95% CI) between

Method 1 and method 2 using the baseline population (n = 185,405). We didn’t use Kappa test

to compare method 3 with either methods 1 or 2 because it is based on a subpopulation with

smaller sample size (n = 136,338).

All analyses were conducted using SAS, version 9.4 (SAS Institute Inc). This study was

reviewed and approved as exempt by The University of North Carolina at Chapel Hill Institu-

tional Review Board (#22–2998).

Results

The baseline study population included 185,405 older adults with lung cancer with at least one

year of continuous Medicare enrollment, of which 70.8% had COPD based on one-year LBP.

The mean age at lung cancer diagnosis was 76.4 years old, 50.9% were female, 84.3% were

Non-Hispanic White, 7.2% were Non-Hispanic Black, and 4% were Hispanic. Requiring lon-

ger continuous enrollment reduced the distribution of patients younger than 70 years old

(from 19.3% to 0%), increased prevalence of COPD diagnosis (from 70.8% to 74.6%), without

notable changes in other sociodemographic or clinical characteristics. The sample size was

reduced by 22.9% from n = 185,405 of the baseline population with one-year continuous

enrollment to n = 136,338 of those with at least 5 years continuous enrollment. Most patients

in our study (77.1%) had at least 5 years of continuous Medicare enrollment. (Table 1).

Classification of COPD prevalence and diagnosis timing

Method 1: Using a one-year LBP among the baseline population with at least one-year contin-

uous enrollment, we estimated that 36.1% received their first COPD diagnosis at least 3

months before the lung cancer diagnosis (pre-existing COPD), 34.7% within 3 months of lung
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Table 1. Comparing Sociodemographic and clinical characteristics of the study subpopulations based on length of Medicare fee-for-service continuous enrollment.

Characteristics One-year continuous

enrollment

N (Col%)

Two-year continuous

enrollment

N (Col%)

Three-year continuous

enrollment

N (Col%)

Four-year continuous

enrollment

N (Col%)

Five-year continuous

enrollment

N (Col%)

All patients, N (%) 185,405 (100) 172,042 (100) 159,542 (100) 147,674 (100) 136,338 (100)

Age (at time of cancer diagnosis)

Mean (SD) 76.4 (7) 77 (6.8) 77.6 (6.6) 78.1 (6.3) 78.7 (6.1)

Groupings, N (%)

66–69 35,686 (19.3) 25,732 (15) 16,513 (10.4) 7,908 (5.4) 0 (0)

70–75 55,931 (30.2) 54,262 (31.5) 52,517 (32.9) 50,734 (34.4) 48,738 (35.8)

76–80 40,937 (22.1) 40,093 (23.3) 39,337 (24.7) 38,571 (26.1) 37,818 (27.7)

81–85 30,894 (16.7) 30,360 (17.7) 29,866 (18.7) 29,409 (19.9) 28,981 (21.3)

85+ 21,957 (11.8) 21,595 (12.6) 21,309 (13.4) 21,052 (14.2) 20,801 (15.3)

Sex

Female 94319 (50.9) 88,000 (51.1) 82,089 (51.5) 78,744 (51.4) 70,999 (52.1)

Male 91086 (49.1) 84,042 (48.9) 77,453 (48.5) 74,420 (48.6) 65,339 (47.9)

Race & ethnicity

Non-Hispanic White 156209 (84.3) 145,699 (84.7) 135,665 (85) 126,117 (85.4) 116,812 (85.7)

Non-Hispanic Black 13293 (7.2) 11,872 (6.9) 10,680 (6.7) 9,525 (6.5) 8,572 (6.3)

Hispanic 7363 (4) 6,668 (3.9) 6,036 (3.8) 5,492 (3.7) 4,983 (3.7)

Asian American 7140 (3.9) 6,524 (3.9) 5,988 (3.8) 5,488 (3.7) 5,013 (3.7)

American Indian or Alaskan

Native (AIAN)

624 (0.3) 578 (0.3) 528 (0.3) 475 (0.3) 434 (0.3)

Native Hawaiian or another Pacific

Islander (NHPI)

470 (0.3) 419 (0.2) 390 (0.2) 354 (0.2) 323 (0.2)

Multiracial 83 (0) 75 (0.05) 72 (0.1) 61 (0.01) 53 (0.04)

Unspecified /Unknown race a 223 207 183 162 148

Marital/ Partner status

Yes 64205 (49.5) 59,148 (49.2) 54,473 (48.9) 50,007 (48.5) 45,729 (48.1)

No 65611 (50.5) 61,201 (50.8) 56,981 (51.1) 53,073 (51.5) 49,434 (51.9)

Unknown a 55589 51,693 48,088 44,594 41,175

% Poverty indicator census tract

(Quartiles)

Highest poverty rate 36,974 (22.1) 34,705 (22.4) 32,559 (22.6) 30,455 (22.8) 28,451 (23.1)

Upper Middle poverty rate 45,147 (27) 42,153 (27.2) 39,243 (27.3) 36,653 (27.5) 34,017 (27.6)

Lower Middle poverty rate 50,906 (30.4) 47,136 (30.4) 43,657 (30.3) 40,328 (30.2) 37,237 (30.2)

Lowest poverty rate 34,184 (20.4) 31,164 (20.1) 28,498 (19.8) 25,919 (19.4) 23,555 (19.1)

Unknown a 18,194 16,884 15,585 14,319 13,078

Neighborhood SES (US-based

Quantile)

Lowest SES 29,918 (16.8) 27,267 (16.5) 24,936 (16.2) 22,597 (15.9) 20,533 (15.6)

Lower Middle SES 32,006 (17.9) 29,541 (17.8) 27,336 (17.8) 25,113 (17.7) 23,021 (17.5)

Middle SES 33,958 (19) 31,479 (19) 29,190 (19) 27,054 (19) 24,973 (19)

Upper Middle SES 39,000 (21.8) 36,429 (22) 33,826 (22) 31,515 (22.2) 29,272 (22.3)

Highest 34,666 (24.5) 40,950 (24.7) 38,373 (25) 35,932 (25.3) 33,569 (25.6)

Unknown a 6857 6376 5881 5,463 4970

COPD prevalence

Yes

No
131,230 (70.8) 124,628 (72.5) 117,202 (73.5) 109,429 (74.1) 101,668 (74.6)

54,175 (29.2) 47,414 (27.5) 42,340 (26.5) 38,245 (25.9) 34,670 (25.4)

(Continued)
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cancer diagnosis (concurrent COPD), and 29.2% did not have any COPD-related claims (non-

COPD. Method 2: By extending the LBP to all available LBP (truncated at 5 years) among the

baseline population with at least one-year continuous enrollment, we observed gradual

increases in pre-existing COPD (from 36.1% to 50.7%), decreases in concurrent COPD (from

34.7% to 23.7%), and decreases in non-COPD (from 29.2% to 25.6%). Notably, as earlier

claims were considered (longer LBP), patients who had previously been classified as having

concurrent or no COPD were reclassified as having pre-existing COPD as evidence of an ear-

lier diagnosis is discovered. Contrarily, patients with evidence of pre-existing COPD under the

one-year LBP classification remained in the pre-existing category no matter how far the LBP

was extended (within 5 years). (Fig 2) Method 3: Despite extending the required continuous

enrollment from one-year to at least 5 years, we observed minimal changes in COPD classifica-

tion, with various LBPs, compared to method 2. The longest LBP of 5 years resulted in ~52%

pre-existing COPD, 22.5% concurrent COPD, and 25.5% non-COPD classification, with negli-

gible differences observed when extending the continuous enrollment period beyond one year

(Fig 3 and S1 Table). We observed moderate agreement between Methods 1 and 2 with

Kappa (95% CI) of 0.78 (0.77 to 0.78) for simple Kappa testing and 0.67 (0.66 to 0.67) for

weighted Kappa testing.

Sensitivity of COPD classification

Among patients with at least 5 years continuous enrollment, we compared sensitivity of

shorter (1, 2, 3, and 4 years) versus longer (5 years) LBPs to classify pre-existing COPD. We

observed an increase in sensitivity of pre-existing COPD with longer LBPs, ranging from

70.1% (95% CI: 69.7 to 70.4) for a one-year LBP to 97.1% (95% CI: 97 to 97.2) for a 4-year LBP

compared to a 5-year LBP (Table 2). In the context of our study design and research question,

all available LBP (truncated at 5 years) with a minimum of one-year of continuous enrollment

was the best approach to mitigate exposure misclassification of COPD diagnosis timing and

Table 1. (Continued)

Characteristics One-year continuous

enrollment

N (Col%)

Two-year continuous

enrollment

N (Col%)

Three-year continuous

enrollment

N (Col%)

Four-year continuous

enrollment

N (Col%)

Five-year continuous

enrollment

N (Col%)

Modified Charlson Comorbidity

Score Index b

0 87434 (47.1) 80,162 (46.6) 73,364 (46) 67,092 (45.4) 64,078 (44.8)

1 43312 (23.4) 40,358 (23.5) 37,635 (23.6) 35,008 (23.7) 34,063 (23.8)

2 24007 (13) 22,606 (13.1) 21,291 (13.3) 19,929 (13.5) 19,564 (13.7)

3+ 30652 (16.5) 28,916 (16.8) 27,252 (17.1) 25,645 (17.4) 25,303 (17.7)

Tumor histology

Non-small cell lung cancer 147876 (79.8) 137,054 (79.7) 126,961 (79.6) 117,309 (79.4) 108,121 (79.3)

Small Cell lung cancer 21334 (11.5) 19,486 (11.3) 17,711 (11.1) 16,070 (10.9) 14,544 (10.7)

Other lung cancer 16195 (8.7) 15,502 (9) 14,870 (9.3) 14,295 (9.7) 13,673 (10)

Early vs. Late Stage

Early stage 37431 (21.4) 34,807 (21.5) 29,872 (21.5) 27,943 (21.5) 25,579 (21.6)

Late stage 137764 (78.6) 127,478 (78.5) 108,933 (78.5) 101,817 (78.5) 100,319 (78.4)

Unknown a 10210 9,757 8,869 8,517 8,440

a Unknown / missing data were not included in calculations of percentage.
b Modified CCI: COPD was excluded from CCI to compare comorbidity burden between patients with and without COPD.

https://doi.org/10.1371/journal.pdig.0000633.t001
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losses in sample size. We didn’t apply sensitivity and specificity of the previously validated

ICD codes [16,17] in our sensitivity calculations because they were related to validity of ICD

codes as diagnostic indicator against pulmonologist chart review. Our measures, however, are

related to sensitivity of different observable lookback periods in ascertainment of COPD

diagnosis.

Discussion

In this study, we explored several alternate approaches for searching Medicare claims to iden-

tify the best lookback and observability (i.e., continuous enrollment) periods to ascertain diag-

nosis timing of a chronic condition such as COPD and provide a framework for future studies

that would utilize one of these approaches in their methods. Using a large population dataset

(SEER-Medicare), we observed that all available LBP with at least one year of continuous

enrollment is the most efficient approach to mitigate COPD misclassification while minimiz-

ing losses in sample size. With a short observable LBP of one year, there were similar propor-

tions (one third) of patients classified as having pre-existing versus concurrent COPD

diagnosis. Extending the LBP increased proportion of pre-exiting COPD from one third to

one half of patients.

We observed minimal effect of extending the required continuous enrollment period

beyond one year across various LBPs. Prevalence of pre-existing versus concurrent COPD

diagnoses were almost the same among those with required one versus 5 year continuous

enrollment (Methods 2 versus Method 3) across various LBPs. Figs 2 and 3 [24,25]. This

might be explained by that majority (77.1%) of our study population had at least 5 years of

continuous Medicare enrollment, resulting in minimal changes in distribution of sociodemo-

graphic (except for age) and clinical characteristics.

Fig 2. Changes in classification of COPD diagnosis timing by look back period (LBP) among the baseline

population with one-year Medicare fee-for -service continuous enrollment (CE). (Method2).

https://doi.org/10.1371/journal.pdig.0000633.g002
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Our findings expand upon prior work that considered misclassification of covariates using

private and public insurance claims data in the US. A study of the MarketScan database

observed increases in prevalence of pre-existing COPD with longer LBP and the negligible

effect of extending the required continuous enrollment period [2]. In another study of Medi-

care claims, researchers compared various fixed LBPs versus all available LBPs to identify and

control for baseline covariates. They observed that longer fixed LBPs and all available LBP

allowed for more thorough characterization of the study participants and better control of con-

founding compared to shorter fixed LBPs [3]. The superiority of longer LBPs and all available

LBP was also reported by other studies using real world healthcare data [8] and simulation

data [26]. In the context of lung cancer, the SEER-Medicare database was the best available

option for us to obtain relatively long claims history from older adults in the US. It might not

be comparable to the nationwide healthcare databases in other western countries (e.g., Den-

mark, Sweden) with over a decade claims history. However, even studies from these databases

Fig 3. Changes in classification of COPD diagnosis timing by look back period (LBP) among the baseline

population with 5-year Medicare fee-for -service continuous enrollment (CE). (Method 3).

https://doi.org/10.1371/journal.pdig.0000633.g003

Table 2. Sensitivity of COPD classification using 1, 2, 3, and 4 year LBPs compared to 5-year LBP among patients

with 5 years continuous enrollment (The reference LBP).

Lookback period Pre-existing COPD

N

Sensitivity % of pre-existing COPD (95% CI)

One year 49,855 70.1% (69.7 to 70.4)

Two years 60,926 85.6% (85.4 to 85.9)

Three years 65,935 92.7% (92.5 to 92.9)

Four years 69,088 97.1% (97 to 97.2)

Five years 71,141 100%

https://doi.org/10.1371/journal.pdig.0000633.t002
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didn’t reach a consensus on the optimum LBP and required observability to identify incident

versus prevalent chronic conditions [27–30]. Differences in age distribution, burden of comor-

bidities, case definition, data source, and study design were among the most identified factors

for this lack of consensus.

Unlike the approaches used in this study, some researchers reported that exposure misclas-

sification can be introduced through variability in data elements used to define it rather than

variability in claims search period. In a previous study, restricting the analysis to only patients

with high quality indicators rather than all patients with common indicators led to a loss in

sample size and a biased estimate [6]. In the context of our study, COPD diagnosis is challeng-

ing because of inconsistent diagnostic indicators used across different care practices and

underutilization of high-quality indicators such as pulmonary function testing (PFTs) [31,32].

Therefore, we used highly performing and externally validated algorithm of ICD codes to

ascertain COPD diagnosis to avoid the need for specific test that aren’t frequently done (such

as pulmonary function test), and if performed, their results aren’t recorded in claims data.

Strengths and limitations

While only a methodological exercise, our study utilized a large population-based database

that is generally representative of older patients with lung cancer in the US. The longitudinal

nature of Medicare data collection allowed ascertainment of COPD diagnosis over a long

period (5 years) which improves upon the current recommendations of 1 to 2 years to identify

the first diagnosis timing of a chronic condition. However, our study has some limitations:

first, Medicare claims might not be the best option for answering the question of COPD inci-

dence versus prevalence because it is impossible to know with 100% accuracy the first time

COPD was diagnosed as no data is available before the usual age of Medicare eligibility at 65

years old. However, evidence from previous studies showed that large proportion (45–90%) of

COPD is undiagnosed till the time of lung cancer diagnosis [12,13,33]. Second, we lacked data

about COPD severity and smoking which might affect COPD related HCU and diagnosis tim-

ing, however these concepts are not easily gleaned from claims data. Third, the sensitivity and

specificity of ICD codes we used to ascertain COPD diagnosis might vary compared to the

original algorithm, especially around the time of lung cancer diagnosis when it is hard to dif-

ferentiate if healthcare utilization was related to lung cancer versus underlying COPD. In addi-

tion, the age distribution of our study population is older than those used to validate the

COPD diagnosis algorithm. Studies that use different COPD diagnostic indicators might have

different sensitivity of various LBPs than ours [2]. However, this is an inherent limitation in

comparable studies that ascertain chronic condition in the context of cancer diagnosis [15].

Fourth, our study didn’t account for scenario of individuals who were enrolled within 3–12

months (since they would have less than one year of history but enough time for a COPD diag-

nosis to be establish to count as pre-existing), and how they differ from those who were

enrolled in the plan for a longer period of time. Fifth, the scope of this study is not to examine

the association of COPD with lung cancer outcomes, but to ascertain prevalent versus incident

COPD diagnosis based on documented healthcare utilization in claims data. We encourage

researchers who use our methods for association analyses to control for factors that might con-

found healthcare utilization such as smoking and comorbidity.

Conclusion

Exposure misclassification of a chronic condition is common using shorter versus longer LBPs

in administrative claims data. The length of optimum LBP and continuous enrollment (i.e.,

observability) period depends on the context of the research question and the data generating
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mechanisms. In Medicare FFS claims, we estimated that all available LBP with one year of

required continuous enrollment was the best approach to tradeoff between COPD diagnosis

misclassification and loss in sample size.
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29. Abbas S, Ihle P, Köster I, Schubert I. Estimation of disease incidence in claims data dependent on the

length of follow-up: a methodological approach. Health Serv Res. 2012; 47(2):746–55. Epub 2011/10/

01. https://doi.org/10.1111/j.1475-6773.2011.01325.x PMID: 21958217; PubMed Central PMCID:

PMC3419886.

30. Czwikla J, Jobski K, Schink T. The impact of the lookback period and definition of confirmatory events

on the identification of incident cancer cases in administrative data. BMC Med Res Methodol. 2017; 17

(1):122. Epub 2017/08/16. https://doi.org/10.1186/s12874-017-0407-4 PMID: 28806932; PubMed Cen-

tral PMCID: PMC5556662.

31. Ritchie AI, Baker JR, Parekh TM, Allinson JP, Bhatt SP, Donnelly LE, et al. Update in Chronic Obstruc-

tive Pulmonary Disease 2020. Am J Respir Crit Care Med. 2021; 204(1):14–22. Epub 2021/04/16.

https://doi.org/10.1164/rccm.202102-0253UP PMID: 33856972; PubMed Central PMCID:

PMC8437128.
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