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1  | INTRODUC TION

Following the recommendations of the US Preventive Services Task 
Force (USPSTF), the Affordable Care Act (ACA) eliminated cost- 
sharing for preventive services starting in January 2011, includ-
ing colorectal cancer (CRC) screening in Medicare beneficiaries. 
Although CRC has a high disease burden1,2 and screening colonos-
copy reduced CRC morbidity and mortality,3-7 the screening rate 

prior to the ACA remained suboptimal at an estimated range be-
tween 29 and 60 percent.2,8,9 Screening colonoscopy for average- 
risk Medicare beneficiaries had been covered since July 2001, but 
beneficiaries without supplementary insurance were still respon-
sible for out- of- pocket payments arising from Part B coinsurance 
and deductibles, a potential deterrent to screening.10 The degree to 
which screening colonoscopy rates increased after the ACA elimi-
nated cost- sharing is, therefore, an important question.
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Whether overall screening colonoscopy rates increased follow-
ing this policy change is not known, however, because most available 
data come from single centers that do not provide a national esti-
mate or surveys that can be subject to overreporting of preventive 
service use.10-14 Use of Medicare claims can potentially improve on 
estimates from these sources, but inferring screening intent of colo-
noscopy from claims data poses a challenge because one must distin-
guish screening from diagnostic colonoscopies, and information on 
the indication is often absent—or if present is inaccurate.15-17 Some 
providers bill screening colonoscopies as therapeutic if, during the 
procedure, the endoscopist removes colonic polyps or adenomas. 
CMS’ reimbursement rules specify that the pretest intent should de-
termine the indication, independent of any procedures during the 
test,18 and required including a screening indication code for colo-
noscopy. The impact of these rules has been little studied, and con-
fusion remains over defining screening status based on completed 
activities vs intent.18-20 Moreover, with the ACA's elimination of all 
cost- sharing for preventive services classifying the colonoscopy as a 
screening rather than diagnostic can save beneficiaries without sup-
plemental coverage several hundred dollars.

Accurately assessing which colonoscopies are likely to be 
screening colonoscopies can thus indicate the impact of the policy 
change, as well as the number of beneficiaries wrongly being billed 
for their colonoscopy. Various algorithms have been proposed and 
used to classify colonoscopy indications using electronic or paper 
medical records,21-27 but to date, no studies have compared them or 
evaluated them. This paper uses FFS Medicare claims to calculate 
the sensitivity and specificity of five such algorithms using recent 
Medicare claims- based codes. Then, it assesses changes in screening 
colonoscopy use after two major policy changes: (a) the introduc-
tion of Medicare reimbursement for screening colonoscopy in 2001; 
and (b) the elimination of cost- sharing for screening colonoscopy in 
2011. Finally, it uses a difference- in- differences method to estimate 
the impact of ACA's elimination of cost- sharing on screening colo-
noscopy rates by comparing states that had enacted mandates for 
private insurance plans to cover CRC screening prior to the ACA with 
those that had not.

2  | METHODS

2.1 | Study population

We used a 20 percent sample of Medicare FFS claims (Parts A 
and B) and the Medicare denominator file from years 2000 to 
2012. We extracted the beneficiaries’ demographic, vital status, 
and enrollment information from the denominator file. We used 
Healthcare Common Procedures Coding System (HCPCS) codes 
and International Classification of Diseases, 9th Edition, Clinical 
Modification  (ICD- 9- CM) diagnosis codes to identify colonoscopies, 
other relevant procedures, and relevant symptoms and comorbidities 
from Carrier, Outpatient, and Inpatient files (see Technical Appendix).

Our study population was beneficiaries who received colonos-
copies between January 1, 2001, and December 31, 2012, aged 65 

or older on the date they received a colonoscopy, and whose orig-
inal reason for entitlement was “aged without ESRD.” Although 
the USPSTF recommends starting CRC screening at age 50, we 
restricted the analysis to the beneficiaries 65 or older because of 
concern that those under 65 and eligible for Medicare because 
of disability or end- stage renal disease could differ in their use 
of preventive services.28,29 We also restricted the analysis to the 
beneficiaries with continuous enrollment in FFS Medicare (Parts 
A and B) for 12 months before the date of the colonoscopy, since 
applying the algorithms required precolonoscopy information on 
utilization, diagnosis, and symptoms, yet the claim history is in-
complete during any period that the beneficiary was enrolled in 
Medicare Advantage. After removing 51.4 percent of the original 
population based on these criteria, we were left with a sample of 
5 871 301 colonoscopies performed on 3 808 755 beneficiaries 
between 2001 and 2012.

2.2 | Algorithms to identify screening colonoscopies

We began by searching PubMed (2000- Present) for existing ap-
proaches for classifying colonoscopy indications using search 
terms “screening colonoscopy” and “colorectal cancer” in combi-
nation with “algorithm,” “intent,” “claims data,” “model,” or “clas-
sification.” There were 14 relevant studies that met our criteria, 
excluding those requiring pathology and laboratory test data, re-
view articles, or case studies.21-27,30-35 We categorized these 14 
studies into four groups based on their methodologic similarity, in 
particular, how the algorithms were developed, what types of data 
they used, and whether they were validated (Technical Appendix). 
We selected one or two from each category based on the rate 
of adoption by other researchers. The process resulted in five al-
gorithms we used to identify colonoscopy indications: El- Serag, 
Goodwin, Fassil, Sewitch, and Ko. Table 1 provides a detailed com-
parison of these five algorithms.

Among the five algorithms, three are “expert- opinion- based,” 
 (El- Serag, Goodwin, and Fassil) meaning they are designed to re-
flect the clinical intuition of what experts think of as true screen-
ing, defining true screening as the absence of certain CRC- related 
symptoms or procedures before or at the time of the examination. 
The two other algorithms (Sewitch and Ko) are “statistical- model- 
based” because they use statistical models to identify a set of vari-
ables that predict the screening indication from administrative data. 
Sewitch used survey data from endoscopists and patients as the 
gold standard of screening indication. Ko used data from the Clinical 
Outcomes Research Initiative (CORI) database, which includes data 
from the medical records of gastrointestinal endoscopy procedures 
from participating sites, as a gold standard36 and matched these data 
to Medicare claims data. Sewitch and Ko each used two statistical 
methods to make their predictions: Sewitch used a multivariate lo-
gistic regression model (log) and recursive partitioning (tree), and 
Ko used linear discriminant analysis (LDA, a parametric model) and 
Classification and Regression Trees (CART, a nonparametric method). 
As a result, we effectively compare seven different methods.
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2.3 | Test characteristics of the 
classification algorithms

We calculated the sensitivity, specificity, and positive predictive 
value (PPV) of these various algorithms in our study population 
using two administrative codes (CPT modifier = 33 and ICD- 9 
code = V76.51) as tarnished gold standards. Because we are inter-
ested in measuring the tests that originally had screening intent, 
we relied on the two administrative codes that were designed to 
reflect the patient's original screening intent, the CPT modifier 
33 and the ICD- 9 code V76.51, instead of the two HCPCS codes 
G0105 and G0121 (G0105—colorectal cancer screening, colonos-
copy on individual at high risk; G0121—colorectal cancer screen-
ing, colonoscopy on individual not meeting criteria for high risk) 
that define screening colonoscopy more broadly. The modifier 33 
was created specifically to allow providers to indicate the deliv-
ery of preventive services.37 V76.51 is a diagnosis code for CRC 
screening when the patient seeks preventive care that has histori-
cally been underused, but our analysis of data indicates its use in-
creased as a proportion of colonoscopy volume since CMS’ 2009 
clarification that coding should reflect the initial screening intent. 
The tarnished gold standard is therefore either V76.51 or modifier 
33 present. We did not require the presence of both codes as a 
gold standard, because both codes are rarely present on the same 
claim; in our sample, only 0.1 percent of the claims with V76.51 
also had the modifier 33 present.

We defined sensitivity as the true- positive rate, the total num-
ber of colonoscopies categorized as screening according to each 
algorithm divided by the total number of truly positive screening 
colonoscopies according to our tarnished gold standards. Similarly, 
we defined specificity as the true- negative rate, the total number of 
colonoscopies not categorized as screening according to each algo-
rithm divided by the total number of truly negative screening colo-
noscopies according to our tarnished gold standards. We defined 
PPV as the proportion of true screening colonoscopies out of all 
colonoscopies categorized as screening according to each algorithm. 
All of these values were calculated using claims from 2011 to 2012 
after modifier 33 had been implemented.

The various algorithms required some adaptation to the 
Medicare claims data. The Fassil algorithm was designed for ap-
plication to clinical data and did not include ICD- 9 codes, so we 
translated each criterion in the algorithm into corresponding 
ICD- 9 and HCPCS codes. Because the symptoms in the Fassil algo-
rithm's classification criteria were also used in other claims- based 
algorithms that relied on consultation with clinical experts,24,25 we 
used the corresponding ICD- 9 codes from those other algorithms. 
Since some of the original criteria in the Fassil algorithm required 
more detailed information than what was available from the claims 
data, we were only able to classify claims into four indication types 
(screening, diagnostic, surveillance, and unknown) instead of the 
eight suggested by the original model. The algorithms differed 
in their look- back periods, so we standardized all of them to one 
year so that the same set of individuals met the eligibility criteria. 

Goodwin, for example, considered symptoms and procedures 
in the three months before the colonoscopy, whereas Sewitch 
looked back five years.

2.4 | Robustness checks for application of the 
classification algorithms

We evaluated the robustness of our classification method in three 
ways. We first used each algorithm's original definition of the look- 
back period. Second, we standardized the ICD- 9 codes for similar 
symptoms across all algorithms. For example, when referring to 
CRC- related symptoms and conditions such as anemia, abdominal 
pain, and gastrointestinal bleeding as criteria to determine indi-
cation, some models differed in the specific ICD- 9 codes used in 
their algorithms. Thus, we made all models refer to the same set 
of conditions and ICD- 9 codes. Third, we were concerned about 
distinguishing information that was obtained before rather than 
during or after the test, such as polypectomy performed concur-
rently with screening as a result of abnormal findings.19 To do so, 
we removed the criteria related to post- test procedures as well 
as the patient's symptoms that were present on the colonoscopy 
claims from the algorithms. Details of these robustness checks are 
described in the Technical Appendix. All analyses were performed 
in R, version 3.2.0.

2.5 | Evaluation of policy effect

We examined changes in the use of screening colonoscopies defined 
by each algorithm following two Medicare policy changes. Effective 
from July 1, 2001, Medicare beneficiaries at average risk for CRC be-
came eligible for a screening colonoscopy every 10 years. Screening 
colonoscopies for high- risk individuals already were reimbursed 
(Medicare considers an individual at high risk if he or she has one or 
more of the following: a close relative who has had colorectal cancer 
or an adenomatous polyp; a family history of familial adenomatous 
polyposis; a family history of hereditary nonpolyposis colorectal 
cancer; and a personal history of adenomatous polyps, colorectal 
cancer, or inflammatory bowel disease, including Crohn's disease, 
and ulcerative colitis).

Effective from January 1, 2011, section 4104 of the ACA elim-
inated cost- sharing for almost all preventive services covered by 
Medicare, including colonoscopy.38 We measured the age- , sex- , and 
race- adjusted changes in screening rates following these two policy 
changes. To address the yearly variation in patient composition, we 
created a hypothetical population for each age- sex- race bracket for 
each year and calculated the bracket- specific screening colonoscopy 
rates according to the seven different algorithms. We then calcu-
lated the adjusted annual screening rate by multiplying the propor-
tion of the population across study years in each bracket type with 
the bracket- specific annual rates. Last, we estimated the adjusted 
annual changes in screening rate by subtracting the adjusted screen-
ing rates for 2001 from those in 2002, and those in 2011 from those 
in 2012.
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2.6 | Estimating the effect of ACA's elimination of 
cost- sharing

To estimate the effect of ACA's elimination of cost- sharing in the 
Medicare population, we used a difference- in- differences study 
design, leveraging state- level variation in the coverage of CRC 
screening in the private insurance market prior to the ACA, even 
though these mandates did not apply to Medicare beneficiaries. 
Prior to the ACA, 33 states and the District of Columbia had en-
acted mandates for private insurance plans to cover CRC screen-
ing. As a result, the screening- eligible population residing in these 
states (“no cost- sharing states”) with private insurance had no 
cost- sharing for screening colonoscopy before joining Medicare, 
whereas those in the remaining states (“cost- sharing states”) con-
tinued to face cost- sharing until it was eliminated by the ACA. The 
information on state- level variation in CRC screening laws prior 
to the ACA is publicly available.39 Supported by the empirical evi-
dence that the use of screening colonoscopy increased among the 
adults aged 50- 64 in private insurance market following the state 
mandates,40 we estimated the effect of the ACA's cost- sharing pro-
vision by comparing the changes in screening colonoscopy rates in 
the 17 no cost- sharing states and the 33 states and the District of 
Columbia that are cost- sharing states. We tested the parallel trend 
assumption by interacting the treatment variable with pre- ACA 
time dummies and then included state- specific time trends.

In sensitivity analyses, we excluded the three states that en-
acted mandates for private insurance plans in 2010 (Kentucky, 
Pennsylvania, and Wisconsin) for which the short time interval be-
tween the private insurance mandate and the ACA makes it difficult 
to separate the effects apart. We also examined excluding the ten 

states in which the private insurance mandates were enacted before 
2001. This addressed the possibility that some individuals who re-
ceived screening colonoscopies as a result of private insurance man-
dates before 2001 would be due for another screening in 2011 or 
later, which can contribute to an increase in screening colonoscopies 
after the ACA in these states.

Our dependent variable was a binary indicator of whether the 
individual received a screening colonoscopy in a given year. We in-
cluded patient characteristics such as age, gender, race/ethnicity, 
Medicare and Medicaid dual eligibility, receipt of pneumococcal vac-
cine as a proxy for preventive service use, and patient comorbidi-
ties (calculated using the Charlson Comorbidity Index and Elixhauser 
Comorbidity Classification) to control for the patient heterogene-
ity.41 We also included county- level sociodemographic and economic 
variables such as unemployment rate, poverty rate, and the num-
ber of gastroenterologists and hospitals per beneficiary, obtained 
from the Area Health Resource File. We estimated a multivariable 
linear regression model with a state fixed effect, interaction terms 
between state and a pre- /postindicator, and year. The difference- 
in- differences analysis addresses time- invariant unobservable 
state- level differences, such as variation in provider supply, market 
concentration, and patient clinical characteristics and preferences 
for preventive service use that can all be correlated with the rate 
of screening utilization. For an individual i in a state s in year t, our 
model specification is as follows:

where Yist is a binary variable of whether an individual i in a 
state s received a screening colonoscopy in year t; States is the 
state fixed effect; Yeart is the year fixed effect; Policys,t is the 

Yist=States+Yeart+�1Policys,t+�2Xit+�3Zit+�ist

F IGURE  1 Receiver operation 
characteristic (ROC) curve with V76.51 or 
modifier 33 as gold standards, according 
to each model [Color figure can be viewed 
at wileyonlinelibrary.com] 
Notes: ROC indicates receiver operating 
characteristic. All values were calculated 
using claims from 2011 to 2012 after 
modifier 33 has been implemented. 

www.wileyonlinelibrary.com
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DID dummy which equals 1 for years 2011 and 2012 for the 
cost- sharing states, and equals 0 otherwise; Xit is a vector of 
individual- level control variables; and Zit is a vector of county- 
level control variables. We clustered the standard errors only at 
the state level due to the potential serial correlation problem of 
a long time series data.42

3  | RESULTS

3.1 | Sensitivity and specificity

Although the model- based algorithms have higher sensitivity 
(0.53- 0.99) than expert- based algorithms (0.35- 0.39) accord-
ing to our tarnished gold standard, presence of either V76.51 
or modifier 33, they have lower specificity (0.43- 0.65) than 
expert- based algorithms (0.79- 0.88); in each case, the ranges do 
not overlap. The receiver operation characteristic (ROC) curve 
(Figure 1) shows the trade- off between sensitivity and specific-
ity, where the model- based algorithms have both higher true- 
positive and higher false- positive rates than the expert- based 
algorithms. Results are comparable for the presence of V76.51 
alone (Table S1).

3.2 | Robustness checks for application of 
classification algorithms

Our robustness checks yielded comparable findings. Although the 
proportion of screening vs other colonoscopy indications per al-
gorithm changed as the various robustness tests were applied, the 
overall temporal trend of screening colonoscopy as well as the mag-
nitude of variation in policy effect across classification algorithms 
was unchanged when we used the original look- back years, stand-
ardized the ICD- 9 codes across models, and removed post- test  
procedures and symptoms (Figure S1).

3.3 | Number of screening colonoscopies

We compared the rate of screening, diagnostic, and surveillance co-
lonoscopy as categorized by each algorithm adjusting for age, sex, 
and race. The algorithms differed markedly, a six-  to sevenfold dif-
ference in the average number of screening colonoscopies identified 
(Figure 2). The most lenient is Ko's (LDA) algorithm and the strictest 
is Fassil's. We found similar magnitudes of difference in classifying 
diagnostic and surveillance colonoscopies.

3.4 | Estimated changes in screening following 
policy changes

All the algorithms indicated an increase in adjusted colonoscopy 
screening rates when Medicare began coverage in 2001 (Figure 2); 
but the magnitude of the change varied widely, from 24 (Goodwin) 
to 93 (Ko, LDA) per 10 000 eligible persons. Similarly, all algorithms 
showed an increase in screening with the ACA's elimination of ben-
eficiary cost- sharing in 2011, but the amount varied by more than an 
order of magnitude across the algorithms, from 1.1 (Sewitch, log) to 
34 (Ko, CART) per 10 000 eligible persons.

3.5 | Effect of ACA cost- sharing elimination in the 
Medicare population

The study population for estimating the ACA effect on screen-
ing colonoscopy included 9 706 726 FFS Medicare beneficiaries 
across 50 states and the District of Columbia between 2001 and 
2012. This consists of the 6 352 340 beneficiaries residing in 
the 33 states and the District of Columbia in the no cost- sharing 
states and the 3 354 386 beneficiaries across 17 states in the 
cost- sharing states. Compared with the beneficiaries in the no 
cost- sharing states, those in the cost- sharing states were older, 
more likely to be white, less likely to be dually eligible, less likely 

F IGURE  2 Number of age- , sex- , and race- adjusted screening colonoscopies according to seven classification algorithms [Color figure can 
be viewed at wileyonlinelibrary.com] 
Notes: The changes in age-, sex-, race-adjusted annual screening colonoscopy rates according to each classification algorithm between 2001 
and 2002 are as follows: 29.4 (El-Serag), 24.2 (Goodwin), 27.3 (Fassil), 47.6 (Sewitch, log), 69.0 (Sewitch, tree), 93.4 (Ko, LDA), and 64.5 (Ko, 
CART). The changes adjusted annual screening colonoscopy rates between 2011 and 2012 are as follows: 2.1 (El-Serag), 4.5 (Goodwin), 9.6 
(Fassil), 1.1 (Sewitch, log), 3.8 (Sewitch, tree), 11.4 (Ko, LDA), and 34.4 (Ko, CART).

www.wileyonlinelibrary.com
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to have comorbidities, less likely to receive a pneumococcal vac-
cine, and more likely to receive a colonoscopy (Table S2). All of 
the covariates except for the receipt of colonoscopy were in-
cluded in the regression model to control for the individual- level 
heterogeneity. Prior to the ACA, the trends in annual screening 
colonoscopy rates in both groups were declining at a statistically 
different but reasonably comparable rate (Table S3). Following 
the ACA, the trend reversed and rose according to all algorithms 

(Figure 3). More noteworthy, states with cost- sharing prior to 
the ACA experienced a significantly greater increase in the an-
nual screening colonoscopy after the ACA than those without 
according to four out of seven algorithms, ranging from 51.1 
(95% CI: 7.2- 95.0, El- Serag) to 155.2 (95% CI: 78.0- 232.4, Ko 
CART) tests per 10 000 persons (Table 2). When we included the 
state- specific time trends, more (five out of seven) algorithms in-
dicated a significant increase. When the three states with private 

F IGURE  3 Trends in annual screening colonoscopy before and after the ACA elimination of cost-sharing according to seven classification 
algorithms: A, El-Serag; B, Goodwin; C, Fassil; D, Sewitch (log); E, Sewitch (tree); F, Ko (LDA); G, Ko (CART). The solid vertical line indicates 
the year ACA's elimination of cost-sharing for screening colonoscopy went into effect for the Medicare beneficiaries
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insurance mandates enacted in 2010 or the ten states with pri-
vate insurance mandates enacted before 2001 were removed 
from the analysis, similar number of algorithms (five and three 
out of seven, respectively) predicted an increase in screening 
colonoscopies.

4  | DISCUSSION

Accurate estimates of screening colonoscopy rates are important 
for setting and evaluating policy and improving care. We compared 
existing algorithms for identifying screening colonoscopies in claims 
data and found substantial differences in their construction and 
performance. Those algorithms we designated as statistical- model- 
based have higher sensitivity but poorer specificity than those we 
designated as expert- opinion- based. Sensitivity is likely a better test 
characteristic than specificity, however, since our tarnished gold 
standards are underused.

Nonetheless, any preference for the statistical- model- based 
algorithms requires qualification. First, the V76.51 or modifier 33 
may be present on nonscreening colonoscopy claims from misclas-
sification. Second, the model- based algorithms might be performing 
better than the expert- based algorithms because they are calibrated 
based on some of the administrative codes we used for validation. 
For example, Ko's algorithm has 99.9 percent sensitivity because it 
uses V76.51 as a criterion to determine screening colonoscopies. In 
general, there is a challenge with applying the machine learning ap-
proaches developed in one reimbursement context to another. The 
parameters that are estimated for these types of algorithms will be 
valid only if the variables in the data used to develop the algorithm 
hold the same relationship with the variables in the data that the 
algorithms would be applied to. All four model- based algorithms we 
examined were estimated using data from before the ACA changes, 

and their external validity may, therefore, be compromised in later 
years. Expert- based algorithms, however, rely on the clinical defini-
tion of screening and so are less dependent on the contextual setting 
of the original data.

Using these algorithms, we estimated the change in screening 
colonoscopy utilization among Medicare beneficiaries following two 
important policy changes, the decision to cover screening tests for 
all average- risk beneficiaries in 2001 and the removal of cost- sharing 
in 2011. Previous studies showed an increase in screening colonos-
copy volume between 2001 and 2002,43-46 and all the algorithms we 
studied also showed an increase in rates of use following the adop-
tion of both policies. But the magnitude of the estimated increase 
differed by fourfold for the 2001 policy change and 30- fold for the 
2011 policy change across the algorithms, indicating that evaluating 
the effects of changed coverage policies for colonoscopy screening 
from claims data is significantly model dependent.

We also exploited state- level variation in CRC screening man-
dates for commercial insurance before the ACA to estimate the 
effect of ACA cost- sharing removal on screening colonoscopies 
in Medicare. Elimination of cost- sharing modestly increased 
screening colonoscopy rates and was predicted consistently by 
four out of seven algorithms we examined. One previous study, 
for example, found no significant uptake in colonoscopy among 
high- risk FFS Medicare beneficiaries with the abolition of cost- 
sharing.12 Another study that used the Behavioral Risk Factor 
Surveillance System (BRFSS) data found an increase in annual 
total colonoscopy rates among elderly men when cost- sharing 
was abolished, but that study combined screening with other 
indications.47 Although the fact that majority of the algorithms 
indicate a significant increase strengthens the conclusion that 
the elimination of cost- sharing had a positive impact on screen-
ing colonoscopies, the magnitude of the ACA effect estimates 
varied more than threefold across algorithms, which emphasizes 

TABLE  2 Difference- in- differences models of the effect of eliminating cost- sharing for screening colonoscopy on annual screening 
colonoscopy rates according to seven classification algorithms

Outcomes (tests per 10 000) Main model

Alternative models

State- specific time trends
Exclude 2010 mandate 
states

Exclude 
pre- 2001 states

Screening colonoscopy, El- Serag 51.1* (22.4) 52.4 (32.7) 49.4* (22.9) 47.7* (20.9)

Screening colonoscopy, 
Goodwin

48.0 (26.7) 78.9*** (16.8) 66.7* (26.3) 23.2 (25.1)

Screening colonoscopy, Fassil 86.9*** (19.5) 44.4* (21.7) 85.0*** (19.5) 67.6*** (19.2)

Screening colonoscopy, Sewitch, 
log

41.8 (24.7) 66.5* (26.9) 32.9 (26.0) 32.3 (24.3)

Screening colonoscopy, Sewitch, 
tree

−22.9	(12.7) 54.4 (32.7) −34.3**	(13.3) −22.3	(13.7)

Screening colonoscopy, Ko, LDA 52.7* (22.0) 82.9*** (22.5) 70.4** (23.9) 67.4 (21.9)

Screening colonoscopy, Ko, 
CART

155.2*** (39.4) 145.8*** (24.2) 166.9*** (39.3) 137.5** (41.8)

Notes: Values indicate DID effect (robust SE). Difference- in- difference estimates are from a multivariate linear regression model. Standard errors were 
 clustered at the state level. *P < 0.05, **P < 0.01, ***P < 0.001.
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the challenges in accurately estimating the policy effect using the 
classification algorithms. When we included state- specific time 
trend, more algorithms predicted a significant increase in screen-
ing colonoscopy, suggesting that the increase in screening colo-
noscopy is consistent under the assumption of variation in time 
trends by states. Our evaluation of the performance based on 
tarnished gold standards shows that some algorithms dominate 
others in terms of test characteristics. The efficiency frontier of 
the ROC curve is made up of the Fassil and Ko (CART) algorithms. 
These two algorithms predicted the highest increases (87- 155 per 
10 000) in screening colonoscopies after the ACA, a meaningful 
increase given the annual number of colonoscopies was in the 
range of 415- 481 per 10 000 according to the most lenient algo-
rithm (Ko, LDA).

A major strength of our study is to provide a common compari-
son point for multiple methods of identifying screening colonosco-
pies from claims data and to show that estimated effect sizes are 
model dependent. Comparing existing approaches to distinguish 
screening and diagnostic colonoscopies using FFS Medicare claims 
is attractive because FFS Medicare covers a large sample of U.S. el-
derly population and the data are free of recall bias. Previous studies 
on screening colonoscopy utilization either relied on surveys that 
can be subject to self- reporting bias for recommended health care 
utilization or were limited to high- risk populations.10-14 By using a 
quasi- experimental study design, our study provides an estimate of 
the screening colonoscopy utilization as well as quantifying the vari-
ation in the effect estimates through multiple existing classification 
algorithms.

Our study has several limitations. First, we did not compare all 
existing classification algorithms but only selected several that are 
applicable to claims data and representative among expert-  and 
model- based approaches. Because the differences across the two 
approaches are large and consistent, we believe that including 
other models of the same type would not alter the key messages of 
our study. Second, we had to make some modifications to compare 
algorithms that were developed using data other than Medicare 
claims. Although we conducted several robustness checks, we 
could have altered the original intentions of the authors. Third, we 
did not examine the 33 percent of Medicare beneficiaries enrolled 
in Medicare Advantage (MA) plans as of 2018 [ref for 33 percent is 
https://www.kff.org/medicare/fact-sheet/medicareadvantage/]. 
Given the evidence that the beneficiaries in Medicare HMOs are 
more likely to receive appropriate preventive services than those 
in the traditional Medicare program48,49 and that most MA enroll-
ees are in HMO's, the colonoscopy patterns in the MA population 
deserve separate attention. Fourth, our difference- in- differences 
analysis assumed that the states that mandated free screening 
colonoscopy prior to the ACA would have a smaller percentage 
of beneficiaries who faced no cost- sharing following the ACA, 
but our data cannot test that assumption. Finally, although we 
adjusted for the fixed difference by states, our model cannot ad-
dress any unobservable time- varying trends between the control 
and treatment states. Although pre- ACA screening colonoscopy 

trends were fairly parallel between the two groups, patient pref-
erences for preventive services utilization or state legislative 
environments may evolve differently over time and disproportion-
ately affect screening colonoscopy utilization between these two 
groups of states.

In summary, Medicare claims data provide evidence that 
screening colonoscopy among FFS Medicare beneficiaries in-
creased following the ACA's effort to promote the utilization 
of evidence- based preventive services by mandating no cost- 
sharing, but the estimated magnitude of the increase differs sub-
stantially across approaches used to distinguish screening and 
therapeutic colonoscopies. Because there is unlikely to be a gold 
standard for identifying screening colonoscopies from claims 
data any time soon, these are probably the best national esti-
mates that can be made at the moment. The differing estimates 
among the algorithms, however, highlight the need for further re-
search, perhaps using nationally representative electronic medi-
cal record data in conjunction with claims, to estimate screening 
colonoscopy rates. In the meantime, researchers should be aware 
of the potential unintended model dependency when conducting 
claims- based research, and carefully examine the assumptions 
of the classification models they choose and perform extensive 
sensitivity analyses. In any event, the need to develop an agreed- 
upon reference standard for screening intent and to promote 
such a standard is clear.
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