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The objective of this study was to quantify the financial healthcare burden of mitral regur-
gitation (MR) on medically managed heart failure (HF) patients. Data from the Truven
Health MarketScan Commercial Claims and Medicare Supplemental Databases were ana-
lyzed. Included patients had a minimum of 1 inpatient or 2 outpatient claims for HF with a
6-month preperiod (baseline). A 6-month postperiod (landmark) after HF index was used
to capture MR diagnosis and severity. Following the landmark period, patients had to
have 12 months of continuous medical and prescription drug plan enrollment with at least
2 records of HF medication refills. A therapeutic intensity score was calculated based on HF
medication usage. Medically managed HF patients were separated into 3 cohorts: without
MR (no MR), insignificant MR (iMR), and significant MR (sMR). Healthcare utilization
and all-cause expenditures were modeled to quantify the burden of MR. All models con-
trolled for baseline demographics, co-morbid conditions, and HF therapeutic intensity.
Medically managed incident HF patients with sMR had significantly more hospital days
(1.91 vs 1.72 days; p = 0.0096) and annual expenditures ($23,988 vs $21,530; p < 0.0001)
compared with no MR patients. No differences were identified when comparing iMR and no
MR. When evaluating HF admissions, sMR patients had an estimated 50% greater HF
admissions rate (0.036 vs 0.024; p < 0.0001) compared with no MR patients. Additionally,
HF admits for iMR were 23% more than those with no MR (0.029 vs 0.024; p = 0.0064). In
conclusion, evidence of MR in retrospective claims significantly increases the healthcare
impact of medically managed HF patients. Both utilization and financial burden is more
pronounced when MR is clinically significant. © 2019 Elsevier Inc. All rights reserved.
(Am J Cardiol 2019;124:1226−1231)
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Heart failure (HF) is a prevalent condition associated with
consistently high morbidity and mortality rates, frequent
hospitalizations, and a substantial clinical and economic
burden that is projected to increase as the population ages
and grows.1−3 The incidence of newly-diagnosed HF in the
United States stands at approximately 1 million cases per
year,1 and mortality remains unchanged.2,3 Hospitalizations
account for the largest contributor to treatment costs for car-
diovascular disease.2 Over half of the estimated $100.9 bil-
lion in direct costs in 2013 were hospital-related, with $55
billion attributed to hospital inpatient admissions and $6.3
billion to emergency department visits.1 Additionally, the
costs of cardiac medications in the United States, while not
as significant as hospitalization, are exceedingly high at $9.6
billion per year (in 2013).1 Published studies4−6 demonstrate
the negative impact of mitral regurgitation (MR) on HF out-
comes in patients with left ventricular dysfunction,4 HF and
reduced ejection fraction,5 and ischemic heart disease.6 MR
is the most common form of valvular heart disease in the
United States and, like HF, is especially prevalent in elderly
populations, affecting about 10% of people aged 75 years
and older.7−10 In secondary MR, the MV leaflets are mor-
phologically normal, but there is inadequate leaflet coapta-
tion due to left ventricular dilatation.10−12 Secondary MR is
more common, has a worse prognosis, and is more difficult
to treat than primary MR.9−13 The focus of this study was to
estimate the economic impact of secondary MR on patients
with newly-diagnosed, medically-managed HF.
Methods

Data from the Truven Health MarketScan Commercial
Claims and Medicare Supplemental Databases from October
1, 2011, through September 30, 2016, were used in this anal-
ysis. These resources provide access to fully integrated, dei-
dentified, individual-level healthcare claims data. The data
set includes complete payment records (insurance payments
and patient payments), specialty pharmacy and mail-order
records for individuals covered by a variety of health plans
throughout the United States. Data from individual patients
are integrated from all provisions of care, maintaining all
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healthcare utilization and cost record connections at the
patient level. This database is inclusive of 150 employers
and 21 health plans, representing 130 unique national
carriers.14

Eligible patients were restricted to the following enroll-
ment criteria: an index HF-diagnosis, 12 months of enroll-
ment (medical and pharmacy) before the index diagnosis,
and 18 months of follow-up postindex. In the first 6 months
postindex (landmark period), patients with HF were catego-
rized by their MR diagnosis. The landmark period also
allowed patients with newly-diagnosed HF to have medical
therapy titration before the application of a therapeutic inten-
sity score. Patients met the requirement of an index HF-diag-
nosis if they had 1 inpatient or at least 2 outpatient visits
with HF diagnosis codes (Appendix A).15 The following
patients were excluded (1) age less than 18 years; (2) record
of end-stage renal disease at any time; or (3) a record of any
of the following during the 12 months pre- or during the
landmark period: left ventricular assisted devices, heart trans-
plantation, chordal rupture, mitral stenosis, rheumatic mitral
insufficiency, rheumatic tricuspid insufficiency, or hospice or
palliative care (Appendix B). Finally, investigators applied
Figure 1. Attrition diagram. *Exclusion criteria include a record of ESRD anytim

LVAD, heart transplant, chordal rupture, mitral stenosis, rheumatic mitral insuffic

**Medically managed patients were defined as patients with ≥2 HF medication

disease; HF = heart failure; LVAD = left ventricular assist device.
additional inclusion criteria of at least 2 medication fills
for HF and enrollment during the 12 months following the
landmark period. See Figure 1 for the Attrition Diagram.

HF patients meeting the criteria above were further
divided into the following 3 cohorts based on MR-status
(see Appendix C for MR coding detail): (1) no MR, (2)
insignificant MR (iMR), and (3) clinically-significant
MR (sMR). The no MR cohort was comprised of patients
with a diagnosis of HF and no findings of MR at any time
in the database. Patients with a diagnosis of MR, either at
the index HF diagnosis or in the 6-month landmark
period, were flagged as having MR and further subdi-
vided by MR severity. Patients were defined as having
sMR if they had any of the following indicators at index
or during the landmark period (1) diagnosis of pulmonary
hypertension or atrial fibrillation, (2) record of MR sur-
gery, or (3) two or more echocardiograms during analysis
period, which served as a proxy measure for clinical con-
cern. Patients were excluded if they had a diagnosis of
MR before index HF diagnosis or if first MR diagnosis
occurred after the landmark period (see Appendix D for
coding detail).
e or a record of any of the following during the pre- or landmark-period:

iency, rheumatic tricuspid insufficiency, or hospice (palliative) care.

fills 6 months to 18 months post-HF diagnosis. ESRD = end-stage renal
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All 3 cohorts were described by patient demographics,
co-morbidities, and the intensity of medical management.
Descriptive analytics were presented as mean and standard
deviation for continuous variables or count and percentage
for categorical variables. The Elixhauser Comorbidity Index
(ECI)16 was used to quantify patient baseline co-morbidities.
The ECI is a validated set of 31 categories of co-morbidities
that are associated with mortality. These co-morbidities were
identified using diagnosis codes that appeared in the
12-month period before a patient’s index diagnosis of HF
(see Appendix E for complete code listing). In addition to
the ECI, patients were identified for having ischemic heart
disease (IHD). A patient was classified as having IHD with
either a record of coronary artery disease, acute myocardial
infarction, percutaneous coronary intervention, or coro-
nary artery bypass grafting before their diagnosis of HF
(see Appendix F for coding detail).

Finally, a therapeutic intensity score was calculated based
on patients’ HF medication usage during the 12-month
postperiod following the landmark period. The score is
based on a previously published algorithm.3 The medica-
tion categories and the cutoffs used in calculation of the
score are included in Appendix G. Within each category,
each prescription fill had 1 point assigned for low doses,
2 points for moderate doses, and 3 points for high doses.
Points for each category (maximum of 3 from each) were
summed for a total therapeutic intensity score (TIS) with
the highest score of 24.

Multivariable models were generated to quantify the
economic burden of MR in patients with HF on the out-
comes of expenditures, total hospital days, and hospitaliza-
tion for HF in the 12-month postperiod following the
6-month landmark period. Total expenditures by MR cohort
were analyzed using a generalized linear model with a log
link and an assumed underlying gamma distribution. The
gamma distribution was chosen to account for the right-
skewed nature of healthcare expenditures. The association
of HF and MR was evaluated by analyzing total hospital
days and hospitalizations for HF using a generalized linear
model with a log link and an assumed underlying Poisson
Table 1

Patient demographics by cohort

Variable None (N = 62,092)

Age, mean § SD, years 70.3 § 13.8

Men 32,923 (53.0%)

Region

Northeast 12,360 (19.9%)

North central 21,570 (34.7%)

South 21,099 (34.0%)

West 6,836 (11.0%)

Unknown 227 (0.4%)

Insurance type

Commercial 21,710 (35.0%)

Medicare supplemental 40,382 (65.0%)

Elixhauser comorbidity index* score, mean § SD 4.8 § 2.11

Coronary heart diseasey 28,602 (45.0%)

* See Appendix E for additional patient comorbidities at baseline by cohort.
yCoronary Heart Disease was defined as a record of coronary artery disease, ac

artery bypass graft before their Heart Failure diagnosis (see Appendix F for coding
or negative binomial distribution. The Poisson or negative
binomial distributions were chosen due to the discrete and
positive nature of the count data (days and number of HF
admissions). Separate models were estimated using this
methodology: (1) total hospital days in the post period and
(2) number of HF hospitalizations with and without MR.

For all 3 models, parameter estimates and 95% confi-
dence intervals were calculated as measures of association
strength and precision, respectively. Patient demographics
including age, sex, region, and insurance type were used as
covariates in the models, in addition to composite ECI
scores (to represent the patient’s co-morbidities), presence
of IHD, and HF treatment intensity score. All statistical
analyses in this study were performed using SAS software,
version 9.4 (SAS Institute, Inc., Cary, North Carolina).
Results

Of the 110,420,905 patients in the MarketScan Data-
base between October 1, 2011 and September 30, 2016,
1,125,001 patients (1.0%) met the inclusion criteria for
incident HF. The requirements outlined in the methods
section regarding age, confounding cardiomyopathies, and
enrollment were used to further refine the HF cohort,
resulting in a population of 121,074 patients (10.8%) who
were further screened for MR. Patients with HF and no
MR-diagnosis formed the largest cohort, with 64.2%
(77,764 patients) of the eligible set. Next, additional
enrollment and medication-fill requirements were applied,
which reduced this group to 62,092 patients (51.3%).
Patients with a diagnosis of MR in the landmark period
who met these additional criteria (11,212 of 121,074
[9.3%]) were separated into 2 cohorts based on MR sever-
ity, leaving the final HF and MR cohorts of sMR (5,995
patients) and iMR (5,217 patients). See Figure 1 for attri-
tion diagram.

Age, sex, region, and insurance type distributions of
each MR cohort are given in Table 1. The mean (SD) age
of the no MR cohort was 70.3 (13.8) years. The iMR cohort
was younger (68.4 [14.1]) and the sMR cohort (72.7 [12.9])
Mitral regurgitation

Insignificant (N = 5,217) Significant (N = 5,995)

68.4 § 14.1 72.7 § 12.9

2,516 (48.2%) 3,255 (54.3%)

1,091 (20.9%) 1,375 (22.9%)

1,783 (34.2%) 2,133 (35.6%)

1,893 (36.3%) 1,924 (32.1%)

435 (8.3%) 530 (8.8%)

15 (0.3%) 33 (0.6%)

2,069 (39.7%) 1,618 (27.0%)

3,148 (60.3%) 4,377 (73.0%)

4.7 § 2.04 5.3 § 2.11

2,864 (46.6%) 2,593 (48.3%)

ute myocardial infarction, percutaneous coronary intervention, or coronary

detail).
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was older. Similarly, the sMR cohort had a higher fre-
quency of Medicare Supplemental insurance in comparison
to the other 2 cohorts. All cohorts had similar sex and
regional distributions. The mean ECI scores varied by
cohort, with the sMR cohort having the highest mean (SD)
ECI score at 5.3 (2.11), followed by the no MR cohort at
4.8 (2.11) and the iMR cohort at 4.7 (2.04). Rates of IHD
were higher in the sMR cohort (48.3%) followed by the
iMR cohort (46.6%) and the no MR cohort (45.0%).

The mean TIS by MR cohort is shown in Figure 2. The
sMR cohort had the highest TIS score with a mean of 6.9,
followed by iMR at 6.5 and no MR at 5.9. Figure 3 displays
therapeutic intensity and annualized healthcare expendi-
tures. Of note, patients with a TIS score of zero did receive
some attempt at medical therapy (based on inclusion) but
did not have a medication refill record to qualify for a point
on the TIS.
Figure 2. Therapeutic intensity score by MR cohort. MR =mitral regurgitation

Figure 3. Therapeutic intensity scor
Total hospital days, expenditures (inpatient and outpa-
tient), and HF hospital admissions were estimated for medi-
cally-managed patients with incident HF. Both unadjusted
averages and model estimates are shown in Table 2. Over-
all, HF patients with MR had more total hospital days,
higher expenditures, and an increased number of HF hospi-
tal admissions compared with HF patients without MR. All
unadjusted averages were higher than estimated based
on multivariable models, given that multivariable models
consider differences in patient demographics, co-morbid
conditions, and therapeutic intensity.

The sMR cohort had significantly more hospital days
compared with the no MR cohort (least squares means esti-
mates [LSME] of 1.91 vs 1.72 days; p = 0.0096). Total hos-
pital days were not significantly different between the iMR
cohort and the no MR cohorts (LSME 1.61 vs 1.72 days;
p = 0.1042). The estimated annual expenditures in the sMR
; iMR = nonclinically significant MR; sMR = clinically significant MR.

e by annualized expenditures.



Table 2

Univariate and model estimates for all outcomes by cohort

Mitral regurgitation degree Univariate estimates Least squares means estimates* p Value* (vs MR none)

Total annual hospital days (days)

None 2.19 1.72 −
Insignificant 2.10 1.61 0.1042

Significant 2.86 1.91 0.0096

Total annual expenditures

None $23,837 $21,530 −
Insignificant $24,756 $21,702 0.6728

Significant $29,591 $23,988 <0.0001
Total annual HF admissions

None 0.03 0.02 −
Insignificant 0.04 0.03 0.0064

Significant 0.07 0.04 <0.0001

MR =mitral regurgitation; CI = confidence interval; HF = heart failure.

* Based on multivariable models adjusted for patient demographics, comorbid conditions and therapeutic intensity.
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cohort were significantly higher than the no MR cohort
(LSME $23,988 vs $21,530; p < 0.0001). When evaluating
total annual HF admissions, patients with sMR had an esti-
mated 50% more admissions than the no MR cohort
(LSME 0.036 vs 0.024; p < 0.0001). The iMR cohort also
had 23% more HF hospital admissions in comparison to the
no MR cohort (LSME 0.029 vs 0.024; p = 0.0064).
Discussion

In this retrospective, real-world analysis of medically-
managed patients with an incident HF diagnosis, patients
with concomitant sMR experienced significantly more HF
admissions, hospital days, and annual expenditures. The
increased utilization and expenditure results represent
newly-diagnosed patients in their first year of medical man-
agement. The increase in expenditures comes from HF
patients with sMR at the time of the HF diagnosis. Annually,
patients with sMR have $2,400 more in healthcare expendi-
tures, and 23% more HF hospital admissions in comparison
to patients with no MR.

Few previous studies have examined the relation between
secondary MR and HF in the first year of medically-managed
patients with an incident HF-diagnosis. A 2017 study by
Nasser et al17 found that medical management (maximum
tolerable doses of guideline-directed medical therapy
[GDMT] for heart failure) could improve long-term progno-
sis and severity of secondary MR in a subset of patients with
HF and reduced ejection fraction. This finding has implica-
tions for the usefulness of TIS when evaluating patients with
both HF and MR, as therapeutic intensity could be used to
track disease severity and patient prognosis.

The MITRA-FR trial18 examined outcomes for patients
with chronic HF and sMR but did not find a significant dif-
ference between percutaneous MV repair combined with
medical therapy compared with medical therapy alone. In
contrast, the COAPT trial,19 which examined the effect of
percutaneous MV repair in patients with HF and moderate-
to-severe secondary MR, demonstrated percutaneous MV
repair plus GDMT resulted in lower rates of HF hospitaliza-
tions and all-cause mortality at 24-month follow-up com-
pared with GDMT alone. The contrasting results found
in these trials are mainly attributed to different patient
characteristics and selection criteria.20 However, with fur-
ther exploration of the right treatment for the right patient,
these findings suggest novel treatment and techniques may
help reduce hospitalizations that are anticipated with our
data. Of note, cohorts from the COAPT and Mitra-FR trials
evaluated chronic sMR patients, which differ from the pres-
ent study of incident HF patients with concomitant MR.

Vemulapalli et al demonstrated percutaneous MV repair
reduced Medicare costs 1 year after intervention compared
with pre-MV repair.21 Additionally, a 12-month retrospec-
tive, population-based analysis from a French National
Payer documented 45% (€132.3 million) of the overall
annual cost of MR in France was attributed to patients with
MR and HF who were managed medically, as opposed to
patients who underwent MV repair or replacement sur-
gery.22 The same study reported that medically-managed
patients with MR and HF were associated with longer aver-
age hospital lengths of stay compared with both patients
without HF and those who received surgery. The present
study found similar high utilization rates and costs of HF
patients with MR in this US-based claims analysis.

Our study has all the limitations of retrospective analyses
using claims data. Although statistical modeling was used to
control for potential confounding, models could not control
for variables that were not included in the administrative
database, including echocardiography results. We recognize
that we relied upon proxies in automated data that suggested
significant mitral regurgitation without having the quantita-
tion of MR from imaging data. The expenditures, admis-
sions, and hospital days reported do not include expenditures
and hospital admissions which would have occurred in the
landmark period. In conclusion, the presence of MR based
on a retrospective claims database significantly increases the
clinical and economic burden of medically-managed patients
with incident HF. The rates of healthcare utilization and the
associated financial burden are both more pronounced when
MR is clinically significant.
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