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Abstract
Background: Hypertrophic cardiomyopathy (HCM) accounts for significant morbid‐
ity and mortality worldwide. Arrhythmias are considered the main cause of mortal‐
ity, however, there is paucity of data relating to trends of arrhythmia and associated 
outcomes in HCM patients.
Methods: Nationwide Inpatient Sample from 2003 to 2014 was analyzed. HCM re‐
lated hospitalizations were identified using International Classification of Diseases, 
Ninth Revision, Clinical Modification (ICD9‐CM) code 425.1 and 425.11 in all diag‐
nosis fields.
Results: Overall, there was an increase in number of hospitalizations related to ar‐
rhythmias among HCM patients from 7784 in 2003 to 8380 in 2014 (relative in‐
crease 10.5%, P < 0.001). The increase was most significant in patients ≥ 80 years 
and those with higher comorbidity burden. Atrial fibrillation (AF) was the most fre‐
quently occurring arrhythmia however atrial flutter (AFL) witnessed the highest 
rise during the study period. In general, there was a down trend in mortality with 
the greatest reduction occurring in patients with ventricular fibrillation/flutter (VF/
VFL). The mean length of stay was higher if patients had arrhythmia, which led to 
increased cost of care from $16105 in 2003 to $19310 in 2014 (relative increase 
22.9%, P < 0.001).
Conclusion: There is overall decline in HCM related hospitalizations but rise in hos‐
pitalization among HCM patients with arrhythmias. HCM with arrhythmia accounts 
for significant inpatient mortality coupled with prolonged hospital stay and increased 
cost of care. However, there is an encouraging downtrend in the mortality most likely 
because of improved clinical practice, cardiac screening and primary and secondary 
prevention strategies.
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1  | INTRODUC TION

Hypertrophic cardiomyopathy (HCM) is a complex genetically trans‐
mitted disease with variable clinical expression.1,2 Since its initial 
presentation more than 50 years ago, HCM is considered as a major 
cause of sudden cardiac death (SCD), heart failure (HF), AF and 
stroke.3,4 HCM often takes insidious clinical course, and early de‐
tection may be beneficial for prevention of significant morbidity and 
mortality in high‐risk patients. Consequently, there is an ever grow‐
ing effort to study the frequency of HCM in the general population.5

However, most of the natural history data of HCM are derived 
from regional cohorts,6‒8 and thus comprehensive assessment of 
disease in various age groups and patients with different ethnicity 
remains incomplete. More importantly, there is paucity of epidemi‐
ological information with regards to HCM and concomitant arrhyth‐
mia, which is the main trigger for mortality in these patients. To fill 
this knowledge gap, we studied the temporal trends in HCM related 
hospitalization in the United States (US), while keeping the main 
focus on patients with HCM and associated burden of arrhythmia. 
This study also covers the important aspects of disease burden in 
terms of inhospital mortality, comorbidities, length of hospital stay 
(LOS) and cost of caring during the hospitalization.

2  | METHODS

We acquired data using Nationwide Inpatient Sample (NIS) from 
the year 2003 to 2014. NIS is the largest database of hospital inpa‐
tient stays in the United States (US), generated by the Agency for 
Healthcare Research and Quality (AHRQ). This database accounts 
for approximately up to 8 million discharges each year; and has been 
used in the past for ascertainment, tracking, and assessment of na‐
tional trends in health care provision, access, major procedures re‐
lated outcomes, disparity of care, hospitalizations rates, and analysis 
of health care economics and quality control measures.9‒12 Each in‐
dividual hospitalization in NIS is deidentified and kept as a unique 
entry with one primary discharge diagnosis and < 29 secondary di‐
agnoses during that hospitalization. Internal validity of the database 
is maintained by performing annual data quality assessments, while 
the external validity of this database is evaluated by comparing with 
the National Hospital Discharge Survey from the National Center 
for Health Statistics, American Hospital Association Annual Survey 
Database, and the MedPAR inpatient data from the Centers for 
Medicare and Medicaid Services.13

In this cross sectional study, we studied all hospitalizations from 
2003 to 2014 using the ICD‐9 codes 425.1 and 425.11 for hyper‐
trophic cardiomyopathy (HCM) in all diagnosis fields. We included 
all the subjects ≥ 18 years. To study the baseline characteristics, we 

excluded subjects with missing information, such as, age, gender, 
admission or discharge date, and inpatient mortality status. For the 
purpose of potential confounder identification, both patient‐ and 
hospital‐level variables were included. The severity of comorbid 
conditions was defined using Deyo modification of Charlson comor‐
bidity index14 (Table S1). This index contains 17 comorbid conditions 
with differential weights. The score ranges from 0 to 33, with higher 
scores corresponding to greater burden of comorbid diseases. We 
identified heart failure and renal failure using “cm_” variables pro‐
vided by NIS. We defined arrhythmias as codiagnosis of any of any 
of these specific rhythm disorders: Atrial fibrillation, Atrial Flutter, 
Supraventricular tachycardia, Ventricular Fibrillation/Flutter, or 
Ventricular Tachycardia. These specific arrhythmias were identi‐
fied using ICD‐9 codes in any diagnosis field (Table S2). We defined 
teaching hospitals if they were accredited with an American Medical 
Association approved residency program, were a member of the 
Council of Teaching Hospitals, or had a full‐time equivalent intern 
and resident‐to‐patient ratio of 0.25. We estimated the cost of hos‐
pitalizations by merging NIS data with cost to‐ charge ratios available 
from the Healthcare Cost and Utilization Project. The cost of each 
inpatient stay was calculated by multiplying the total hospital charge 
with the cost to charge ratio. The adjusted cost for each year was 
calculated in terms of the 2011 cost after adjusting for inflation ac‐
cording to the latest consumer price index data released by the US 
government on January 16, 2013.15,16 This methodology is in line 
with prior studies.17 Exponential trend line was used to represent 
the trend in total cost from 2003 to 2014.

All analyses were conducted using sas 9.4 (SAS Institute Inc., 
Cary, North Carolina), which accounts for the complex survey design 
and clustering. Since NIS represents a 20% stratified random sam‐
ple of US hospitals, analyses were performed using hospital‐level 
discharge weights provided by the NIS, to obtain national estimates 
of HCM hospitalization. For categorical variables like annual change 
in HCM hospitalization rate and inhospital mortality, we used Chi‐
square test of trend for proportions using the Cochrane Armitage 
test.18 Differences between categorical variables were tested using 
the chi‐square test, and differences between continuous variables 
were tested using the student's t test. All the analyses were per‐
formed at 5% significance level.

3  | RESULTS

3.1 | HCM hospitalization, demographics and 
comorbidities

A total of 225 618 hospitalizations with HCM as the discharge di‐
agnosis were analyzed from 2003 to 2014 (59.72% to ≥ 65 years 
of age, 63.4% females, 62.1% whites). Among which, 90 940 had 

K E Y W O R D S

arrhythmias, atrial fibrillation, cost trend, hypertrophic cardiomyopathy, outcomes
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TA B L E  1   Baseline characteristics of HCM patient with and without arrythmias

 

Arrhythmia

No Yes Overall P‐value

Index hospitalization with HOCM 134 678 90 940 225 618 <0.001

Patient level variables

Age, y (%)       <0.001

18‐49 18.2 12.1 15.8  

50‐64 25.3 23.5 24.5  

65‐79 31.6 35.9 33.4  

≥80 24.9 28.5 26.4  

Race (%)       <0.001

White 58.6 67.3 62.1  

Black 14.0 8.4 11.8  

Hispanics 4.3 3.7 4.1  

Other 23.1 20.6 22.1  

Gender (%)       <0.001

Male 34.0 40.6 36.6  

Female 66.0 59.5 63.4  

Deyo/Charlson Scoreb (%)       <0.001

0 30.3 26.6 28.8  

1 29.4 30.7 29.9  

≥2 40.4 42.8 41.3  

Comorbidities (%)        

Codiagnosis of Heart failurea 29.2 44.7 35.4 <0.001

Renal failure/Electrolyte abnormalitya 12.4 13.9 13.0 <0.001

Median household income category for patient's zip codec (%)       <0.001

1. 0‐25th percentile 26.5 22.0 24.7  

2. 26‐50th percentile 25.8 25.4 25.7  

3. 51‐75th percentile 23.8 25.2 24.4  

4. 76‐100th percentile 23.9 27.4 25.3  

Primary Payer (%)       <0.001

Medicare/ Medicaid 68.9 71.6 70.0  

Private including HMOf 25.0 24.4 24.8  

Self‐pay/no charge/other 5.9 3.9 5.1  

Hospital characteristics

Hospital bed sized (%)       <0.001

Small 11.2 11.0 11.1  

Medium 22.5 21.6 22.1  

Large 66.3 67.4 66.8  

Hospital teaching statuse (%)       <0.001

NonTeaching 44.8 43.6 44.3  

Teaching 54.9 56.2 55.4  

Admission type (%)       <0.001

NonElective 78.4 80.0 79.0  

Elective 21.7 20.0 21.0  

(Continues)
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coexisting arrhythmias. Compared to HCM patients without ar‐
rhythmias, those with arrhythmias were older (64.4% vs 56.6% 
≥ 65  years of age), had higher burden of comorbidities (42.78% 
vs 40.36% with charlson comorbidity index  ≥  2), consisted of 
higher proportion of Males (40.55% vs 33.98%) and White sub‐
jects (67.32% vs 58.56%). Those with arrhythmias had higher me‐
dian household income (52.6% vs 47.7% above 50th percentile), 
and Medicare/Medicaid coverage (71.6% vs 68.9%). Additionally, 
subjects with arrhythmias were more frequently admitted to 
large hospitals (67.4% vs 66.3%) with teaching affiliation (56.2% 
vs 54.9%), had higher proportion of admissions over weekend 
(19.9% vs 18.4%) and were admitted emergently (80% vs 78.4 %). 
Significantly higher prevalence of heart failure (44.7% vs 29.2%) 
and renal failure (13.9% vs 12.4%) were noted among HCM pa‐
tients with arrhythmias. Our study noted higher mortality among 
patients with arrhythmias compared to those without arrhythmias 
(4.6% vs 2.9%). [P‐value significant for all values, Table 1].

3.2 | Trends of arrhythmia in HCM patients

In a total of 90 940 HCM patients with arrhythmia, there was an in‐
crease in the number of hospitalizations from 7784 in 2003 to 8380 
in 2014 (relative increase 10.5%). The magnitude of rise in arrhyth‐
mia was observed in the following age groups (Table 2) in descending 
order: ≥ 80 years (relative increase 23.2%, P < 0.001), 50–64 years 
(relative increase 20%, P  <  0.001), 65–79  years (relative increase 
19%, P < 0.001) and 18–49 (relative increase 17.1%, P < 0.001). The 
relative rates of increment over the years were higher for males (rel‐
ative increase 22.19%, P  <  0.001) and Hispanics (relative increase 
40.1%, P < 0.001) among gender and race groups respectively. Our 
study noted a higher rise in the prevalence of arrhythmias among 
patients with charlson comorbidity index  ≥  2 (relative increase 

20.47%), lower socioeconomic class (relative increase 25.75%), no in‐
surance coverage relative increase 67.25%), admitted to nonteaching 
facilities (relative increase 19.52%) or in mid‐west (relative increase 
22.42%). HCM patients admitted over weekday or having nonurgent 
hospitalizations had higher increment in arrhythmias compared to 
those who had weekend or urgent admissions respectively. HCM 
patients with renal failure witnessed greater rise in prevalence of 
compared to those without renal failure. (Relative increase 50.64%) 
[P‐value significant for all trends].

3.3 | Trends of specific arrhythmias among 
HCM patients

Among HCM subjects, 40.3% of patients had a wide range of ar‐
rhythmia at presentation. Specifically, AF (34.1%) was the most 
commonly reported arrhythmia followed by ventricular tachycar‐
dia (6.7%) and atrial flutter (4.4%). Across all the arrhythmias, AFL 
showed the maximum increase in prevalence across the study period 
(relative increase 65.7%, P < 0.001), followed by VT (relative increase 
30.1%, P < 0.001), VT/VFL (relative increase 26.7%, P < 0.001) and 
AF (relative increase 22.1%, P < 0.001) (Figure 1).

3.4 | Mortality trends among HCM patients with 
arrhythmias

Although inhospital mortality was higher in HCM patients with con‐
comitant arrhythmia, there was a significant decline in mortality in 
patients with arrhythmia from 6.2 % in 2003 to 3.4 % in 2014 (rela‐
tive decrease 22.82%, P‐trend < 0.001). Mortality rate was higher 
in patients ≥ 80 years age (7.4%), females (5.5%), and black popula‐
tion (4.64%) among HCM patients with arrhythmias. Mortality was 
slightly lesser in teaching hospitals than nonteaching hospitals (4.4% 

 

Arrhythmia

No Yes Overall P‐value

Admission day (%)       <0.001

Weekdays 81.6 80.1 81.0  

Weekend 18.4 19.9 19.0  

In hospital Mortality (%) 2.9 4.6 3.6 <0.001

Length of stay (Mean ± Std dev), days 5.46 ± 0.04 6.53 ± 0.06 5.89 ± 0.04 <0.001

Abbreviation: Iqr, Interquartile range.
aVariables are AHRQ comorbidity measures. 
bCharlson/Deyo Comorbidity index (CCI) was calculated as per Deyo classification. 
cRepresents a quartile classification of the estimated median household income of residents in the patients ZIP Code, derived from ZIP Code‐demo‐
graphic data obtained from Claritas. The quartiles are identified by values of 1 to 4, indicating the poorest to wealthiest populations. Because these 
estimates are updated annually, the value ranges vary by year. https​://www.hcup-us.ahrq.gov/db/vars/zipinc_qrtl/nrdno​te.jsp 
dThe bed size cutoff points divided into small, medium, and large have been done so that approximately one‐third of the hospitals in a given region, 
location, and teaching status combination would fall within each bed size category. https​://www.hcup-us.ahrq.gov/db/vars/hosp_bedsi​ze/nrdno​te.jsp 
eA hospital is considered to be a teaching hospital if it has an AMA‐approved residency program, is a member of the Council of Teaching Hospitals 
(COTH) or has a ratio of full‐time equivalent interns and residents to beds of 0.25 or higher. https​://www.hcup-us.ahrq.gov/db/vars/hosp_ur_teach/​
nrdno​te.jsp 
fHMO: Health Maintenance Organization. 

TA B L E  1   (Continued)

https://www.hcup-us.ahrq.gov/db/vars/zipinc_qrtl/nrdnote.jsp
https://www.hcup-us.ahrq.gov/db/vars/hosp_bedsize/nrdnote.jsp
https://www.hcup-us.ahrq.gov/db/vars/hosp_ur_teach/nrdnote.jsp
https://www.hcup-us.ahrq.gov/db/vars/hosp_ur_teach/nrdnote.jsp
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vs 4.8%, P < 0.001); conversely, mortality rates were higher in West 
region hospitals (5.6%) and in patients with Medicare/Medicaid in‐
surance (5.3%). Mortality was higher for patients carrying HF (9.5%) 
and renal failure (8.1%) as comorbid diagnosis compared to those 
who did not have these comorbidities. Trends of mortality in specific 
subgroups of HCM patients with arrhythmias are shown in Table 3.

Among specific arrhythmias in HCM patients, highest mor‐
tality was observed in patients with VF/VFL (18.3 %), AF and 
VT (4.5%) and atrial flutter (4.1%).However, there was a gradual 
reduction in arrhythmia specific mortality, and statistically sig‐
nificant reduction occurred in VF/VFL (relative decrease 44.5%, 
P‐trend < 0.001) and AF (relative decrease 29.3%, P‐trend < 0.001) 
(Table 4).

3.5 | Cost trends (USD) in HCM patients with 
arrhythmias

Among HCM patients with arrhythmias, after adjustment for infla‐
tion, HCM hospitalization with arrhythmia claimed $17599 as total 
mean cost of care, with a significant rise from $16105 in 2003 to 
$19310 in 2014 (relative increase 22.9%, P‐trend  <  0.001). This 
represents an absolute increment in annual national cost from 125 

million dollars in 2003 to 162 million dollars in 2014 (relative in‐
crease 34.5%, P‐trend < 0.001). Trends in cost of care among differ‐
ent subgroups of HCM patients are presented in Table S3.

Overall mean cost of HCM hospitalization was consistently 
higher if patients had any type of arrhythmia compared to no ar‐
rhythmia ($20522 vs $15636). Across all arrhythmias, the mean cost 
of care was highest if subjects had VF/VFL ($39108) and ventricular 
tachycardia ($28996), while, the increase in trend of cost of care was 
highest for supraventricular tachycardia throughout the study pe‐
riod (relative increase 45.4%, P‐trend < 0.04) (Table 5). Arrhythmia 
specific trend in length of hospitalization is shown in Table S4.

4  | DISCUSSION

In this study of contemporary data of HCM related hospitaliza‐
tion in USA, we report that over 11 years (2003‐2014), there was 
an increase in hospitalization rates in patients with HCM and 
concurrent arrhythmia. Patients 65 years of age or older were 
admitted most frequently. Overall in HCM, females were domi‐
nant over males, and thus had comparatively a higher prevalence 
of mortality and LOS, however we noted higher prevalence of 

F I G U R E  1   Trends of overall and specific arrhythmias in hypertrophic cardiomyopathy (HCM) patients
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arrhythmias associated with HCM among male patients compared 
to females. AF was the most commonly reported arrhythmia and 
AFL exhibited a substantial increase in prevalence compared to all 
other arrhythmias. Compared to HCM patients without arrhyth‐
mias, inhospital mortality was significantly higher in those with 
arrhythmia, with VF related SCD as the main contributor in mor‐
tality. However, there was a trend towards reduction in mortality 
throughout the study periods, and in fact the highest mortality 
reduction occurred in VF victims. The mortality was significantly 
higher in patients carrying codiagnosis of HF and renal failure. 
The cost of care increased significantly over the entire study du‐
ration, and admissions with renal failure and HF claimed for the 
highest cost of care. Insignificant reduction in length of stay was 
noted during study period (Table S2).

Besides endorsing various former studies, these observations 
highlight some new epidemiological trends in HCM patients. 
Higher prevalence of HCM among women has been consistently 
reported in prior reports,3,6,19 however, exponential growth 
among male patients who had concomitant arrhythmia has not 
been demonstrated before. On the same note, historically HCM 
is known to be more strongly associated with Blacks,20 while on 
contrary, we found higher prevalence of disease in Whites and 
increment in hospitalization rates among Hispanics. These ob‐
servations show the contrasting patterns to historical trends2,5,8 
and clearly demonstrate the evolving penetration of the disease 
in the general population, affecting patients from both genders 
and various racial origins. Additionally, we noted that HCM pa‐
tients admitted non‐emergently (vs emergently) or during week‐
days (vs weekends) had higher increment in arrhythmias over 
years. This population simply represents healthier subgroup who 
have more room to develop arrhythmias with increasing age and 
comorbidities.

Although, HCM can present from infancy to old age,21 it is 
considered to be prevalent in young and middle age groups22 
with most patients surviving to advanced ages (>80 years)23,24. 
Our study reports lesser mortality in relatively younger age 
groups and more admission rates among old age patients. These 
findings validate some of the recently published reports.25,26 
Maron et al25 reported that among 1001 cohorts (30‐59 years), 
the 5 and 10 year survival rates (confined to HCM related mor‐
tality) were 98% and 94%, respectively. The enhanced survival in 
HCM patients reflects evolution of HCM related treatment strat‐
egies and continuum of improved medical practices leading to 
early cardiac surveillance in high‐risk patients.4,27‒29 Detection 
of high‐risk candidates through improved risk stratification al‐
gorithm and diligent application of professional guidelines has 
led to a more reliable selection of patients who are likely to get 
mortality benefit from intra cardiac defibrillators (ICDs).30‒32 For 
instance, in a study by Maron et al,25 out of 56 high‐risk patients, 
33 survived sudden cardiac death (SCD) due to ICD; whereas, 
SCD occurred in patients who declined ICDs or could not receive 
prophylactic ICDs. The more frequent use of ICD in right set of 
candidates along with robust medical care explain the negative 

trend seen in mortality, with the highest reduction noticed in VF 
related SCD.

SCD is the most common cause of death in HCM; whereas, HF 
is reported to be the most common comorbid condition and second 
most common perpetuator of mortality in these patients.2,33 These 
findings have been consistently shown in various regional based 
studies.5,26,31 The data utilized from three regional tertiary centers 
(744 patients) ranked HF as second most common cause of mortal‐
ity (36%) after SCD.26 In another analysis of 956 cohorts (follow‐up: 
69 ± 45 months), HF related death was second most frequent cause 
of mortality (21 patients)5 following SCD. Interestingly, the more 
recent emerging data represent evolving epidemiological trends 
and hint towards equilibration of HF with SCD as major contribu‐
tor of mortality.25,34 Maron et al showed that at 7.2 ± 5.2 years of 
follow‐up, the mortality rate was 0.23 % per person ‐year in 1000 
HCM patients,25 which was equivalent to mortality rate of SCD 
(0.23% per person‐year). This paradigm shift is explainable by the 
extended use of ICD for both primary and secondary prevention 
of SCD.26‒28,30 Encouragingly, we observed a significant decline in 
HF related death (relative decrease: 33.2 %, P < 0.001) from 2003 
to 2014.

AF is the most commonly associated supraventricular arrhythmia 
in HCM.35 In analysis of Italian and US cohorts, AF was found be a 
strong predictor of mortality in HCM (odds ratio (OR): 3.7; P < 0.002) 
secondary to severe HF related death.35 This risk was greater in 
patients < 50 years of age with left ventricular outlet obstruction. 
Another Japanese study showed that incidence of AF was most 
important predictor of cardiovascular mortality in HCM patients.36 
These findings from our analysis are supported by results published 
in previous studies. Consistent with general reduction in mortality, 
AF related mortality in HCM has also reduced due to previously dis‐
cussed better clinical practices which have led to extended longevity 
in these subsets of patients.

Our study explored the cost burden associated with manage‐
ment of HCM patients with arrhythmias, noting approximately 
34.5% rise during the study period. Despite no significant change 
in the length of hospitalization, healthcare burden significantly rose 
during the study period approximating 160 million USD per annum. 
This overwhelming rise in cost of care not only reflects the increas‐
ing utilization of expensive technologies such as catheter ablation 
and devices in the management of these high‐risk subjects but also 
points towards the growing prevalence of arrhythmias in HCM pa‐
tients. In the context of ever growing burden on public health and its 
associated cost of care, these observations are alarming and deserve 
serious consideration.37

5  | LIMITATIONS

This study has limitations inherent to administrative databases. 
Although administrative databases are increasingly used for repre‐
senting the scientific information, such studies are prone to errors 
secondary to coding inaccuracies. HCM and related comorbidities 
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were diagnosed based on administrative codes. Therefore, there 
is a possibility that we might have missed some information, lead‐
ing to under estimation of the number of hospitalizations. Given 
the nature of the data, we could only examine inhospital mortal‐
ity; hence, the study lacks the assessment of long‐term follow‐up 
outcomes.

6  | CONCLUSION

Our study reports rise in hospitalization as a result of arrhythmias 
in HCM patients as well as concurrent increase in mortality and 
resource utilization over study period. We believe that this study 
represents new epidemiological trends. Furthermore, inclusion of a 
“real‐world” large sample size and the absence of selection bias have 
strengthened the validity of the outcomes.
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Additional supporting information may be found online in the 
Supporting Information section at the end of the article.    
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