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Abstract

Background: Atrial fibrillation is increasingly prevalent as the US population ages and is associated with significant morbidity
and mortality. Care for patients with atrial fibrillation can be costly, US health care costs are comparatively high, and there
are few cost estimates available that incorporate detailed measurement of comorbidities and their effects on costs.
Methods and Results: In the Cardiovascular Health Study and the Framingham Heart Study, participants aged 65years or
older with newly diagnosed atrial fibrillation were matched on age and follow-up time to referents free of atrial fibrillation.
The total clinical and hospital medical costs paid by Medicare Parts A and B (drug costs from Medicare Part D costs were
not included) in the year prior to diagnosis (or matching) were compared with costs in the following year. Estimates were
adjusted for other medical conditions and adjusted to 2009 dollars. In the Cardiovascular Health Study, 513 participants
were diagnosed with new-onset atrial fibrillation and survived 30 days post-atrial fibrillation diagnosis, and 513 referents (as a
control cohort) were identified, with a mean age of 77 years. In the Framingham Heart Study, we identified 336 participants
diagnosed with atrial fibrillation, who survived 30 days post-atrial fibrillation diagnosis and matched these participants to 336
referents. We compared these new-onset atrial fibrillation participants with referents, using a difference in difference design
to account for both time trends and differences between the two groups. The adjusted incremental cost for participants
with atrial fibrillation, compared with referents, was US$18,060 (95% confidence interval: US$14,965-US$21,155) in the
Cardiovascular Health Study and US$20,012 (95% confidence interval: US$15,057-US$24,966) in the Framingham Heart
Study. The pooled estimate was US$18,601 (95% confidence interval: US$15,981-US$21,234).

Conclusion: Atrial fibrillation was associated with increased costs in the year after diagnosis in two community-based
cohorts, even after careful accounting for age, time period, and systematically measured comorbidities.
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Novel therapies to manage AF and to prevent stroke in AF
patients are effective, but they also carry the risk of sub-
stantial increases in costs and complications, including
death.’-19 Thus, AF shares important factors that are
believed to be related to health care cost inflation in gen-
eral, such as aging of the population and the introduction of
innovative therapies.

AF has been shown to be related to increased costs,!!:12
especially in the period immediately after diagnosis, in the
context of both private insurance!! and European public insur-
ance.!? These claims-based approaches lack the detailed and
systematic assessment of the individual covariates of the par-
ticipants that would have been present in cohort studies. For
example, it is well known that medical claims data often lack
routine assessment of smoking, blood biomarkers, or body
size, which need to be inferred from the relevant diagnostic
codes and are only collected at times of patient contact. The
use of these irregularly recorded codes in place of systematic
measurements could be a source of residual confounding,
although the seriousness of this concern is dependent on the
specific research question and the strength of these variables
as potential confounders. Given the potential economic impor-
tance of AF as a driver of increased health care costs, we
examined the hospital and clinical care costs related to AF in
the setting of two large cohort studies of cardiovascular dis-
case. We included adjustment for systematically measured
clinical factors that are known to be associated with cost as
possible confounders and are generally unavailable or poorly
measured on most or all participants in larger administrative
database-based studies (e.g. blood pressure, smoking).
Furthermore, we designed our analyses to discriminate the
incremental cost after accounting for the burden of other med-
ical comorbidities in participants with AF, to address the pos-
sibility that AF was merely a marker for other diseases that
increase costs. The goal of our analysis was to compare the
hospital and clinical care costs during 1year affer the initial
AF diagnosis versus 1 year before the initial AF diagnosis,
under the payer perspective. We compared individuals who
developed AF with age- and follow-up time-matched referents
without AF to account for increases in costs that can be attrib-
uted to underlying changes in medical costs as the cohort ages,
above and beyond those accounted for by changes in the medi-
cal care component of the consumer price index.

Methods

Cohorts

The Cardiovascular Health Study (CHS) is a population-
based, multi-center prospective cohort study of cardiovascu-
lar risk factors in community-dwelling older adults who were
randomly recruited from the Medicare eligibility lists. The
CHS cohort includes four US communities: Forsyth County,
North Carolina; Sacramento County, California; Washington
County, Maryland; and Allegheny County, Pennsylvania. It

originated in 1989 and included 5888 participants who were
eligible for Medicare (5201 participants recruited in 1989,
with 687 African American participants added in 1992).13
Those eligible to participate met the following inclusion cri-
teria: (1) age >65 years, (2) non-institutionalized, (3) expected
to remain in the area for at least 3 years, and (4) able to give
informed consent and had no need for proxy respondent at
CHS study entry. For the present analysis, we required that
participants were still alive and under follow-up in 1992—
1993 (our study baseline) at the time of the match to Medicare
enrollment data (n=351 excluded) and were enrolled in
Medicare Parts A and B (n=797 excluded), leaving 4740 par-
ticipants available for selection into the analysis. Only par-
ticipants who were eligible for Medicare by age (65 years or
older) were included.

The participant characteristics were assessed at entry into
the CHS cohort and at annual follow-up visits to the CHS
study clinic. Participants were contacted every 6 months and
were asked about all hospitalizations; medical records,
including International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) discharge
diagnosis codes, were obtained for each hospitalization. The
CHS design and recruitment details are described else-
where.!3-15 The CHS cohort data were matched to Medicare
enrollment files starting with the 1992/1993 examination,
and Medicare claims data were available through the end of
2009. Since Medicare data were not available at the CHS
study entry in 1989-1990, this analysis begins on the date of
the annual study examination in 1992—-1993, to prevent left
censoring of cost data.

The Framingham Heart Study (FHS) is a community-
based cohort study.!¢ The Original FHS cohort began enroll-
ment in 1948 and 1952, with subsequent examinations at
roughly 2-year intervals, and continued with the descendants
(and their spouses) of the Original FHS, referred to as the
Offspring cohort, examined at roughly 4- to 8-year inter-
vals.!7 Both Original and Offspring cohorts contributed par-
ticipants to this analysis, using the 1998-2001 cycle as
baseline. We required that participants were still alive and
under follow-up in 1998-2003 at the time of the match to
Medicare enrollment data, were enrolled in Medicare Parts A
and B, and were 65 years of age or older. Details of the exclu-
sion criteria for the FHS participants are presented in
Supplementary Table 1.

Atrial fibrillation diagnosis

In CHS, incident AF (including AF or atrial flutter) was
ascertained from three sources: ECGs from annual study
examinations through 1999, hospital discharge diagnoses
ascertained from participant report or from Medicare claims
data, and diagnoses of AF from Medicare outpatient or phy-
sician service claims. For AF identified according to hospital
discharge or Medicare claims data, a diagnosis of AF was
based on a single inpatient claim or hospital discharge



Delaney et al.

diagnosis, or two outpatient or physician claims within
365days (ICD-9-CM code 427.31 or 427.32 in any position).
Individuals who experienced AF that occurred during the
same hospitalization as coronary artery bypass graft or heart
valve surgery were excluded from the analysis. The date of
AF diagnosis, which we designated as the index date for the
present analysis, was the earliest of the date of ECG indicat-
ing AF, the admission date of the qualifying inpatient claim
or hospital discharge diagnosis, or the service date of the sec-
ond qualifying outpatient or physician claim.

In FHS, AF was defined by AF or atrial flutter on an elec-
trocardiogram obtained at a research study visit or during an
encounter with an external clinician, by Holter monitoring,
or noted in hospital records. All newly diagnosed AF cases in
FHS were reviewed by E.J.B.

Referents free of AF

We individually matched participants with newly identified
AF to incidence density-sampled referents based on baseline
age (within 1 year) and follow-up time (within 1day) in CHS
and FHS. To accomplish the matching, for each participant
who developed AF, we randomly selected a matched com-
parator from the set of all remaining participants of the same
age who were still active in the cohort but free of AF at the
index date of the AF case. The index date for each AF case
was assigned to his or her comparator. Incidence density
sampling is a standard approach for selection of referents
when careful control of a select set of confounders, age, and
calendar time in this case, is desired.!$2! Wang et al.!8 have
shown that the method we used, incidence density sampling
with replacement, limits bias compared with incidence den-
sity sampling without replacement and is the preferred
method when sample size is limited, as was the case in this
study.

Cost calculations

Costs were calculated from Medicare payments under Parts
A and B and all costs were reported in 2009 dollars, to
account for underlying inflation. Costs from previous years
(1992-2008) were adjusted using the Medical Care
Component of the Consumer Price Index, as reported in
December in those years.?2 Costs included all sources of pay-
ment from Medicare Parts A and B for expenses incurred in
treating participants, including inpatient hospitalizations,
physician visits, skilled nursing facility care, and hospice
care. We used the actual costs for participants who died dur-
ing the follow-up year, and did not adjust for the reduced
person-time at risk to accumulate medical costs, which
would have induced bias by up-weighting costs associated
with death and would not have reflected the actual costs that
were billed. Because data on Medicare costs for prescription
medications (Medicare Part D), implemented in the United
States starting in 2006, were not available for either cohort

for the entire time frame of observation, we did not include
Medicare costs for prescription drugs in our cost analyses.

Covariates

Participants who developed AF and referents without AF were
matched on age (within 1 year) and follow-up time. We adjusted
for possible confounding factors including age, sex, race/eth-
nicity, baseline values of body mass index, smoking, diabetes
mellitus, hypertension, ischemic heart disease (angina, unsta-
ble angina, or myocardial infarction), peripheral vascular dis-
ease, heart failure, stroke, transient ischemic attack, any cancer,
and time-varying covariates for chronic obstructive pulmonary
disease, chronic kidney disease, dementia, pacemaker/auto-
mated implantable cardioverter-defibrillator (AICD) implanta-
tion, and valve replacement.!®!623 Information on these
characteristics came from questionnaires and standardized
measurements made at study visits. These results were supple-
mented by a medical record review of key outcomes and ICD-
9-CM codes from the Medicare claims data. This allowed us to
adjust for high quality and systematically measured potential
confounders, to reduce the potential for unmeasured and resid-
ual confounding.

Statistical analysis

We estimated the incremental cost for participants who
developed AF compared with the matched referents, by esti-
mating the difference in medical billing costs in the year
after the index date (which we designate as the “follow-up
year”) compared with the year before the index date (which
we designate as the “pre-event year.” We excluded the first
30days of the follow-up year for all participants, to avoid
inclusion of high end-of-life costs for those and the costs of
initial hospitalization at which AF was diagnosed, and
added 30days at the end to make the period precisely 1 year.
We then adjusted for suspected confounding variables, giv-
ing us additional control for any confounding due to remain-
ing differences in the matched participants. The design is
known as a difference in differences approach, also known
as a pre-post quasi-experimental study design (Figure 1).
Analysis was done using linear regression with robust
standard errors to handle the skewed distribution of medical
costs and the repeated measure of some referents. In CHS,
data were missing in 10% for cholesterol, in 9% for body
mass index, and in less than 7% for all other variables. We
used single imputation to handle this low rate of missing
data. In a sensitivity analysis, we used multiple imputation
with 10 imputation replicates.

Our declared, primary endpoint was the 1-year increase in
medical costs billed to Centers for Medicare & Medicaid
Services (CMS) in the presence of AF among participants
who survived at least 30 days post-diagnosis. We used meta-
analysis to combine the CHS and FHS study estimates to a
single pooled estimate.2* Heterogeneity was assessed with 12,
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Costs in pre-event year Costs in follow-up year
Participants diagnosed with AF Participants diagnosed with AF

T

Costs in pre-event year Costs in follow-up year
Matched participants free of AF Matched participants free of AF

Contrast
_ [AF case costs in follow — up year] — [AF case costs in pre — event year] —

([Referent costs in follow — up year| — [Referent costs in pre — event year])

Figure |. The pre-post quasi-experimental study design (also
known as the difference in differences design) is graphically
displayed.

which we used to estimate the percentage of variance attrib-
utable to inter-study heterogeneity between CHS and FHS.
In a sensitivity analysis for CHS, we updated covariates to
the most recent measure available at the time of AF diagnosis
or matching. Higher rates of missing data were present for AF
cases, so we used the last value carried forward to minimize
missingness in the time-updated covariate analysis (we also
explored combining this time-updated analysis with multiple
imputation, but the results were similar). Since medical prac-
tice has evolved over the study time period, in a sensitivity
analysis, we re-did the CHS analysis limited to the latter por-
tion of the follow-up period, from 1999 to 2009. We also
graphed the total medical costs by a quarter, with an exclusion
period of the event in which AF was diagnosed and all costs
billed in the 30 days following, as a supplementary figure.
The statistical code used to analyze CHS data was shared
with the FHS team and the same analysis plan was followed
in FHS as in CHS. Local Institutional Review Boards
reviewed the CHS and FHS protocols and participants pro-
vided informed consent. A two-tailed p-value<0.05 was con-
sidered statistically significant. Analyses were conducted
using SAS version 9.4 (SAS Institute, Cary, NC) and STATA
version 14. This article followed the CHEERS guidelines?*
throughout and a checklist is attached as a supplementary file.

Results

The mean age of CHS participants identified with AF was
77years, which was similar to that of FHS participants
(79years). CHS participants diagnosed with AF were more
likely to be men, current smokers, have baseline clinical car-
diovascular disease, and were less likely to use statin medi-
cations (Table 1) relative to matched referents. In FHS, the
same general patterns were present (Table 2), although the
use of statin medications was relatively well balanced

between the participants with AF and the referents. Of note,
hypertension did not appear to vary significantly between the
cases and the referents, nor did blood pressure, in either
cohort (Tables 1 and 2), although current smoking was far
more common among participants with AF. Furthermore, in
the CHS cohort, 138 participants with incident AF developed
incident heart failure between the baseline and the index
date; the same was true for only 41 comparators.

In the combined data from CHS and FHS, the primary end-
point of difference in cost in the presence of AF with adjustment
for age, follow-up time, and pre-event year costs, the pooled
adjusted incremental cost for participants with AF who survived
at least 30days, compared to referents, was US$18,601; 95%
confidence interval (CI): US$15,981-US$21,234, with no sig-
nificant heterogeneity (p=0.51) and >=0%.

The individual studies showed similar differences in
costs: in CHS, the difference was US$18,060 (95% CI
US$14,965-US$21,155), and in FHS, US$20,012 (95% CI:
US$15,057-US$24,966; Tables 3 and 4), without using
time-updated covariates.

In the analysis of CHS participants further adjusted for
time-updated covariates, medical costs were again statistically
significantly higher in the year after AF diagnosis for all par-
ticipants who survived at least 30 days after the diagnosis of AF
relative to matched referents (US$25,340; 95% CI: US$17,472—
US$33,207; Table 3). In the analysis limited to the latter part of
the follow-up period, 1999-2009, the results were similar to
those for the entire follow-up period, although the difference in
costs was slightly higher (Table 3). The results were very simi-
lar in the FHS participants overall (Table 4).

Unadjusted costs were higher among the participants with
incident AF than in their matched comparators in the pre-
event year, suggesting a higher burden of morbidity in these
participants (Table 5). In addition, the largest proportion of
the increase in costs associated with AF was due to inpatient
costs, more than any other category of health expenses ana-
lyzed (Table 5).

We conducted several sensitivity analyses. The use of mul-
tiple imputation to address missing data made no appreciable
difference in the results in either cohort, as expected when the
missing data rates were all less than 10%. We considered time
trends (Supplementary Table 1) and saw that most of the costs
occurred in the quarter after the AF diagnosis, although par-
ticipants with AF always had higher costs than comparators,
and costs had declined about a year out (justifying the 1-year
cost window as the period of main interest).

Discussion

Among older individuals with and without AF of the same
age, during the same follow-up period, and after statistical
adjustment for clinically measured covariates, AF diagnosis
was associated with an increase in Medicare costs for hospital
and clinical care in the follow-up year. The increase in 1-year
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Table I. In Cardiovascular Health Study participants, cardiovascular risk factors in participants diagnosed with atrial fibrillation (AF) and

in referents free of AF, matched on age and follow-up time.

Diagnosed with AF, survived
30days thereafter (n=513)

Time- and age-matched
participants without AF (n=513)

Age, years, mean (SD) 77.1 (5.7)
Men 48%
African American 12%
Body mass index, kg/m?, mean (SD) 26.9 (4.9)
Current smoker 16%
Impaired glucose or diabetes 28%
Systolic blood pressure, mmHg, mean (SD) 139 (23)
Diastolic blood pressure, mmHg, mean (SD) 71 (12)
Hypertension? 45%
Total cholesterol, mg/dL, mean (SD) 202 (38)
HDL cholesterol, mg/dL, mean (SD) 52 (15)

Statin medication use 2%

Angina at baseline 29%
Ml at baseline 16%
Heart failure at baseline 12%
Stroke at baseline 9%

77.1 (5.7)
39%

1%

26.9 (4.6)
3%

22%

137 (22)
70 (12)
42%

209 (37)
53 (14)
5%

19%

9%

5%

4%

SD: standard deviation; HDL: high-density lipoprotein; MI: myocardial infarction.
2Hypertension defined by systolic blood pressure >140 or diastolic blood pressure >90, or use of antihypertensive medication use plus a physician diagno-

sis of hypertension.

Table 2. In Framingham Heart Study participants, cardiovascular risk factors in participants diagnosed with atrial fibrillation (AF) and in

referents free of AF, matched on age and follow-up time.

Diagnosed with AF, survived
30days thereafter (n=336)

Time- and age-matched
participants without AF (n=336)

Age, years, mean (SD) 79.7 (7.3)
Male sex 46%
African American b

Body mass index, kg/m2, mean (SD) 28.2 (4.8)
Current smoker 16%
Impaired glucose or diabetes 20%
Systolic blood pressure, mmHg, mean (SD) 137 (23)
Diastolic blood pressure, mmHg, mean (SD) 70 (11)
Hypertension? 74%
Total cholesterol, mg/dL, mean (SD) 188 (35)
HDL cholesterol, mg/dL, mean (SD) 50 (1)
Statin use 31%

MI at baseline 12%
Angina at baseline 21%
Stroke at baseline 10%
Heart failure at baseline b

79.7 (7.4)
34%

b

26.7 (4.5)
3%

10%

135 (18)
71 (10)
70%

198 (37)
54.5 (16)
28%
4.5%

12%

5.0%
5.6%

SD: standard deviation; HDL: high-density lipoprotein; MI: myocardial infarction.
2Hypertension defined by elevated clinic blood pressure or by antihypertensive medication use plus physician diagnosis of hypertension.
bMedicare-enhanced data are not presented in these cells due to a small sample size.

costs was similar in magnitude in two well-characterized
cohorts. These estimates of increased cost post-AF diagnosis
are comparable to those from studies that relied on medical
claims data, which also showed an increase in costs due to AF
post-diagnosis (US$9001 in 2009 dollars).!! As expected,
those who developed AF had more comorbidity than their

matched referents, and higher medical care costs in the pre-
event year were strongly associated with greater costs in the
follow-up year.

How much of the observed increase in costs is unavoida-
bly due to the costs of treating the underlying disease state
and how much might be mitigated with more aggressive
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Table 3. In Cardiovascular Health Study participants, estimates of difference in cost between pre-event year and follow-up year for
participants diagnosed with atrial fibrillation (AF) compared with matched referents free of AF.

Exposure Adjustment No. of AF cases/ Estimate of difference 95% Confidence p-value
referents in cost (US$) interval (US$)

AF, 1993-2009 Model 12 513/513 18,060 14,965-21,155 <0.0001

Model 2° 513/513 19,070 15,236-22,904 <0.0001

AF, 1999-2009 Model 2° I51/151 25,340 17,472-33,207 <0.0001

2Model |: Adjusted for age, sex, race/ethnicity, and baseline body mass index, smoking, diabetes mellitus, hypertension, ischemic heart disease (angina,
unstable angina, myocardial infarction), peripheral vascular disease, heart failure, stroke, transient ischemic attack, chronic obstructive pulmonary disease,
chronic kidney disease, dementia, any cancer, pacemaker/automated implantable cardioverter-defibrillator (AICD), and valve replacement.

®Model 2: Adjusted for the same characteristics as in Model |, except that all characteristics were updated to the most recent measure available at the

time of AF diagnosis or matching.

Table 4. In Framingham Heart Study participants, estimates of difference in cost between pre-event year and follow-up year for
participants diagnosed with atrial fibrillation (AF) compared with matched referents free of AF.

Exposure Adjustment No. of AF cases/ Estimate of difference 95% Confidence p-value
referents in cost (US$) interval (US$)
AF, 1999-2009 Model |2 336/336 20,717 15,389-26,045 <0.0001

2Model |: Adjusted for age, sex, race/ethnicity, and baseline body mass index, smoking, diabetes mellitus, hypertension, ischemic heart disease (angina,
unstable angina, myocardial infarction), peripheral vascular disease, heart failure, stroke, transient ischemic attack, chronic obstructive pulmonary disease,
chronic kidney disease, dementia, any cancer, pacemaker/automated implantable cardioverter-defibrillator (AICD), and valve replacement.

Table 5. Crude average medical costs by CMS category, for the 513 cases and comparators in the Cardiovascular Health Study, during

the pre-event and follow-up years.

Variable Incident AF Comparator

Mean (US$) SD (US$) Mean (US$) SD (US$)
Inpatient costs, pre-event year 2378.68 3343.69 1359.90 1923.38
Outpatient costs, pre-event year 930.11 283541 348.90 703.13
Carrier cost, pre-event year 5879.11 14260.67 2421.55 7675.73
Home health costs, pre-event year 520.73 1560.95 245.16 1300.51
Skilled nursing facility, pre-event year 695.25 2964.36 311.72 2266.11
Hospice costs, pre-event year 5.20 117.82 39.72 625.33
Total costs, pre-event year 10,409.09 19,603.12 4726.94 10,405.78
Inpatient costs, follow-up year 4158.99 4384.87 1420.76 1867.44
Outpatient costs, follow-up year 1309.28 4175.03 445.09 1079.09
Carrier cost, follow-up year 16,379.17 24,066.98 2510.21 709831
Home health costs, follow-up year 1107.74 2781.70 284.40 1346.62
Skilled nursing facility, follow-up year 2279.05 4819.82 423.11 2016.47
Hospice costs, follow-up year 440.70 3043.37 74.90 721.89
Total costs, follow-up year 25,674.93 30,216.71 5158.47 10,130.82

CMS: Centers for Medicare & Medicaid Services; AF: atrial fibrillation; SD: standard deviation.

therapy (e.g. careful anticoagulation) is difficult to estimate.
Information on medication use is collected only once a year
in CHS, and even less frequently in FHS, and Medicare pre-
scription medication (Part D) claims data were not available
in either cohort for the entire duration, so we are unable to
assess the influence of anticoagulation and other medica-
tions on costs. The 1-year time window after AF diagnosis
we chose to examine is comparable to the time window in
which other studies have found increased costs,'? is

consistent with other pre-post designs,?> and the use of a
longer time window would increase the risk of survivors
becoming unrepresentative of the underlying population.
The 1-year cost increase for AF was high, even relative to
the 1-year cost of other known costly conditions such as heart
failure, estimated at an incremental US$12,924 in 2006 dollars
(US$14,423 in 2009 dollars) in the CHS?¢ or macular degen-
eration (US$5197 in 2009 dollars);?” but the total hospital and
clinical costs were still higher among participants dying of or
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surviving with prostate cancer?® (US$45,053 in 2009 dollars in
medical costs, compared to US$25,675 in the year post-AF
diagnosis).

One issue that is challenging to disentangle is the burden
of comorbidities that are related to the presence of AF. For
example, heart failure and AF are strongly associated.?® In the
CHS cohort, 138 participants with incident AF also had inci-
dent heart failure between the baseline and the AF diagnosis.
The same was true for only 41 comparators. Furthermore, it is
clear that the unadjusted costs are higher in the year prior to
the AF diagnosis in participants who developed AF than in
their comparators, although our matched pre-post design is
intended to address this issue. While heart failure could
account for only part of the total cost increase,? it is unclear
to what extent these increased costs are being driven by the
complexity of the population presenting with AF. It is quite
possible that these estimates represent an average burden of
disease and may overestimate the cost burden for an AF
patient with no other comorbid conditions.

There are some limitations to the interpretation of our
results. Medication costs could not be included. It is possible
that the small amount (up to 10%) of missing data could have
induced some degree of bias. Whereas we observed that AF
was associated with an increase in costs in the follow-up
year, we cannot definitively conclude that AF itself, as
opposed to coexisting medical conditions, was the cause of
the increased cost. We studied individuals from CHS and
FHS who had Medicare claims data and, therefore, it is
uncertain whether health care costs associated with AF can
be applied to younger populations, Medicare patients in
managed care, or in the context of private health care
plans.!l1230 There are regional variations in health care
expenditures in the United States and our study covered only
five communities (four CHS, one FHS); it is unclear whether
our data generalize to all regions in the United States.
Different medical systems may experience quite different
costs associated with AF, depending on the culture of care
and the mechanism of reimbursement, which makes it diffi-
cult to generalize our results to other countries. Whereas the
African American race did not appear to be a major con-
founder, much more work remains to be done to assess costs
in AF across the full range of races/ethnicities present in the
United States. Finally, although the CHS and FHS cohorts
are quite similar in design and measures, they are not identi-
cal, and some study-specific differences may still be present.
For example, the 30-day mortality rate among those with a
new diagnosis of AF differed considerably in CHS (18%)
and FHS (5%), suggesting that CHS AF ascertainment may
have been more sensitive to identifying AF that occurred
near the end of life or that CHS participants had higher
comorbidity. In our analysis, we excluded the first 30days
after the index date from the cost accrual period, to avoid
inclusion of high end-of-life costs and the costs of initial
hospitalization at which AF was diagnosed. The limitation to
participants over the age of 65 years (eligible for Medicare)

are an important group from a policy perspective (as they are
separately funded), but may well include participants with a
much higher burden of comorbidity than those with AF diag-
nosed at earlier ages. We also lacked medication cost data
and any information on indirect costs (other than those billed
to a Medicare payer), and it may well be the case that ongo-
ing cost differences would be even higher if pharmacother-
apy and indirect costs were included. There may be some
censoring due to changes in insurance between the types of
insurance (fee for service Medicare versus managed care),
which may lead to a slight underestimation of the second-
year costs (making this a conservative estimate).

The key strengths of our study are the detailed information
on comorbidity, assessed in a standardized manner in all par-
ticipants, and the inclusion of a replication cohort (FHS).
Previous work?®! has been based on economic modeling?>33 or
based on medical claims data alone,!-12:3435 rather than in the
setting of an epidemiological cohort study. The systematic
measurement of covariates such as diabetes, smoking, and
blood pressure made it possible to determine the potential
increase in risk due to comorbidities that are not captured per-
fectly in medical claims data. While careful analytic techniques
can make medical claims data a powerful source of informa-
tion on health events?’ and costs, there is always an advantage
to additional data when it can be obtained. Our study found
higher costs than those in Kim et al.,!" which found a 1-year
increase of US$8705 (US$9001 in 2009 dollars) in a medical
claims study, although their cohort included much younger
participants. They also used propensity score matching, which
provided better covariate balance between the incident AF par-
ticipants and referents, but less exact matching on calendar
time and age. Our study is a unique contribution due to the
systematic measurement of confounders in clinical examina-
tions—providing a great deal of extra evidence that this cost
increase is not confounded by comorbid conditions. It also pro-
vides strong evidence that the difference in differences
approach used in our study is able to greatly reduce the con-
founding present in administrative databases, making the final
adjusted estimates quite similar to the unadjusted estimates.
Overall, it is notable that a wide range of approaches show evi-
dence of increased costs among patients diagnosed with AF.

From a health policy perspective, our results suggest that
reducing AF costs is an attractive option, given that these
costs are large even in the context of other costly health con-
ditions. Although the available data do not put us in the posi-
tion to make specific treatment recommendations, they do
imply that improving adherence to standard therapies may be
useful in reducing the outcomes that typically drive costs.3¢
Furthermore, it is plausible that there may be a role for
improving screening for AF to reduce future costs,?’ as it is
possible that some of these large medical costs may be miti-
gated with earlier detection and intervention. An expensive
disease state makes screening much more likely to be cost
effective. The ultimate benefit of these strategies needs to be
evaluated in the context of careful experiments, as the CHS
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and FHS data studied in this article demonstrate the cost con-
sequences of AF in an earlier era of therapy and cannot eval-
uate the possible cost-effectiveness of interventions to treat
AF in older adults. Rather, we can only highlight that the
large costs associated with AF, in this carefully controlled
study, create the potential for significant cost savings from
improved management of AF.

Overall, we found that a new AF diagnosis in older
adults was associated with large incremental hospital and
clinical care costs, even after adjusting for a broad range of
systematically measured covariates. Our results were vali-
dated in an independent cohort and were robust to various
sensitivity analyses. Of interest was that the difference in
differences design showed very similar costs in unadjusted,
compared to the fully adjusted models, suggesting that this
study design may be of great use in data contexts where
systematically measured individual clinical data are una-
vailable. The observed increase in costs for participants
diagnosed with AF suggests that the expected increase in
AF prevalence over time may also bring an increase in
Medicare expenses.
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