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Abstract

Background and aims

The effects of physician specialty on the outcome of heart disease remains incompletely

understood because of inconsistent findings from some previous studies. Our purpose is to

compare the admission outcomes of heart disease in patients receiving care by cardiolo-

gists and noncardiologist (NC) physicians.

Methods

Using reimbursement claims data of Taiwan’s National Health Insurance from 2008–

2013, we conducted a matched study of 6264 patients aged�20 years who received a car-

diologist’s care during admission for heart disease. Using a propensity score matching pro-

cedure adjusted for sociodemographic characteristics, medical condition, and type of heart

disease, 6264 controls who received an NC physician’s care were selected. Logistic regres-

sions were used to calculate odds ratios (ORs) with 95% confidence intervals (CIs) for com-

plications and mortality during admission for heart disease associated with a cardiologist’s

care.
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Results

Patients who received a cardiologist’s care had a lower risk of pneumonia (OR = 0.61; 95%

CI, 0.53–0.70), septicemia (OR = 0.49; 95% CI, 0.39–0.61), urinary tract infection (OR =

0.76; 95% CI, 0.66–0.88), and in-hospital mortality (OR = 0.37; 95% CI, 0.29–0.47) than did

patients who received an NC physician’s care. The association between a cardiologist’s

care and reduced adverse events following admission was significant in both sexes and in

patients aged�40 years.

Conclusion

We raised the possibility that cardiologist care was associated with reduced infectious com-

plications and mortality among patients who were admitted due to heart disease.

Introduction

Cardiovascular diseases, which include diseases of the heart and blood vessels caused by ath-

erosclerosis, have been identified as one of the leading causes of death globally [1]. An esti-

mated 17.7 million people died from cardiovascular diseases in 2015, representing 31% of all

global deaths [2]. Additionally, cardiovascular diseases contribute extensively to the escalating

costs of healthcare, which has become a worldwide burden. The annual direct cost of cardio-

vascular diseases was estimated at $250.8 billion in 2012–2013 in the United States and about

€106 billion in Europe [3], representing approximately 9% of the total healthcare expenditure

across the European Union in 2009 [4].

While caring for patients with cardiovascular diseases, cardiologists are more likely to use

clinical guideline-supported therapies or be more knowledgeable about therapies than general

physicians, a fact which has been shown to reduce mortality [5]. Previous studies reported that

patients treated by cardiologists may have a lower mortality or better outcome than general

physicians [6–13]. However, other studies reported that there was no significant difference in

the patients’ outcomes between cardiologists and general physicians [14–17]. The inconsistent

findings from previous studies may be due to the presence of some limitations, such as small

sample sizes [10], the lack of matching procedures [6–10,14–16], inadequate control for con-

founding factors [7,8,11], and a focus on specific cardiovascular diseases or populations [6–

11,14–16].

Limited information is available regarding the effects of a physician’s specialty on the out-

comes of admission due to cardiovascular diseases in the Asian population. Using the claims

data of national health insurance database, we conducted a population-based study to investi-

gate the association between specialty care and admission outcomes in hospitalized patients

suffering from cardiovascular diseases.

Methods

Source of data

The data used in this study were obtained from the reimbursement claims of Taiwan’s

National Health Insurance, which contains inpatient and outpatient demographic characteris-

tics, physicians’ primary and secondary diagnoses, treatment procedures, prescriptions, and

medical expenditures. More than 99% of people in Taiwan received medical services from the
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National Health Insurance that cooperated with 471 hospitals and 20692 clinics in June 2018.

Several scientific articles based on data from Taiwan’s National Health Insurance have been

accepted in outstanding journals [18–20].

As these reimbursement claims were used in this study, the electronic database was decoded

with patient identifications scrambled for further academic access for research to protect pri-

vacy. Although the National Health Research Institutes exempt such uses from informed con-

sent, the guidelines of the Helsinki Declaration were obeyed during the execution of this study.

This study was approved by the institutional review board of Taipei Medical University

(TMU-JIRB-201701050; TMU-JIRB-201808012; TMU-JIRB-202006057).

Study design

From the database of Taiwan’s National Health Insurance, we identified 34553 patients with a

nonsurgical admission due to heart disease (HD) in 2008–2013, with 23482 of them receiving

inpatient care by a cardiologist. To obtain the appropriate study subjects, we used a propen-

sity-score matching technique to select 6264 patients receiving a cardiologist’s inpatient care

and 6264 patients receiving inpatient care by a noncardiologist (NC) physician. Factors in the

propensity-score matching included Sociodemographics (such as age, sex, low income), types

of HD, history of disease (such as hypertension, diabetes, mental disorders, chronic obstructive

pulmonary disease, hyperlipidemia, chronic kidney disease, end-stage renal disease, liver cir-

rhosis, and Parkinson’s disease), number of recent hospitalizations, and number of recent

emergency visits. We compared the complications, mortality, intensity of care, length of hospi-

tal stay, medical expenditures during the admission due to HD between patients receiving

inpatient care by a cardiologist and those receiving inpatient care by NC physicians.

Measures and definition

The criterion of low income used in this study is based on the definition from the Bureau of

National Health Insurance in Taiwan and details were described in our previous report [18–

20]. Previous medical use before admission due to HD was considered as a potential covariate

in this study along with number of emergency visits and hospitalizations. Based on the admin-

istration code and The International Classification of Diseases, Ninth Revision, Clinical Modi-

fication (ICD-9-CM), coexisting medical conditions were determined from medical claims for

the 24-month preadmission period including hypertension (ICD-9-CM codes 401–405), dia-

betes (ICD-9-CM code 250), mental disorders (ICD-9-CM codes 290–319), chronic obstruc-

tive pulmonary disease (ICD-9-CM codes 491,492, 496), hyperlipidemia, chronic kidney

disease, end-stage renal disease (D8 and D9), liver cirrhosis (ICD-9-CM codes 571.2, 571.5,

571.6), and Parkinson’s disease (ICD-9-CM code 332). Types of HD were also identified by

the ICD-9-CM codes including myocardial infarction (ICD-9-CM codes 410, 412), other acute

and subacute ischemic heart disease (ICD-9-CM code 411), angina pectoris (ICD-9-CM code

413), other chronic ischemic heart disease (ICD-9-CM code 414), acute and subacute endocar-

ditis (ICD-9-CM code 421), acute myocarditis (ICD-9-CM code 422), other diseases of peri-

cardium (ICD-9-CM code 423), other diseases of endocardium (ICD-9-CM code 424),

cardiomyopathy (ICD-9-CM code 425), conduction disorders (ICD-9-CM code 426), cardiac

dysrhythmias (ICD-9-CM code 427), heart failure (ICD-9-CM code 428), and ill-defined

descriptions and complications of heart disease (ICD-9-CM code 429). Pneumonia (ICD-

9-CM codes 480–486), septicemia (ICD-9-CM codes 038 and 998.5), urinary tract infection

(ICD-9-CM code 599.0), mortality, length of hospital stay, and medical expenditures during

the patients’ stays were considered as study outcomes. In this study, the non-cardiologist phy-

sicians included physicians with medical specialists in general medicine, family medicine,
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neurology, nephrology, gastroenterology, thoracic medicine, endocrinology, and infectious

disease.

Statistical analysis

The propensity score-matched pair analysis was used to examine the associations between

physician specialty and outcomes of HD admission. A nonparsimonious multivariable logistic

regression model was used to estimate a propensity score for patients receiving a cardiologist’s

service or not. Covariates in this model included age, sex, low income, types of HD, hyperten-

sion, diabetes, mental disorders, chronic obstructive pulmonary disease, hyperlipidemia,

chronic kidney disease, end-stage renal disease, liver cirrhosis, Parkinson’s disease, number of

hospitalizations, and number of emergency visits. We matched the cardiologists’ patients to

the NC physicians’ patients, using a greedy matching algorithm (without replacement) with a

caliper width of 0.2 SDs of the log odds of the estimated propensity score. Categorical variables

between cardiologists’ patients and NC physicians’ patients were analyzed by using frequencies

(percentages) and chi-square tests. Continuous variables between cardiologists’ patients and

NC physicians’ patients are presented as means ± standard deviations and analyzed using t

tests. We used logistic regression to calculate the adjusted odds ratios (ORs) and 95% confi-

dence intervals (CIs) of the outcomes of HD admission associated with physician specialty. In

addition, subgroup analysis was also used to stratify the subjects according to age, sex, number

of medical conditions, and type of HD, to examine the outcomes of HD admission between

patients receiving a cardiologist’s care or not in these strata.

Results

Table 1 shows the baseline characteristics of the patients suffering from cardiovascular diseases

and the controls who underwent different specialty physician cares. After the propensity score

matching, there were no significant differences in the groups including the patients suffering

from cardiovascular diseases with and without a cardiologist’s care analyzed by age, sex, low

income, medical conditions (hypertension, diabetes, mental disorders, chronic obstructive

pulmonary disease, hyperlipidemia, chronic kidney disease, end-stage renal disease, liver cir-

rhosis and Parkinson’s disease), type of HD, number of hospitalizations and number of emer-

gency visits.

Compared with HD patients receiving medical service by an NC physician (Table 2), those

receiving care by a cardiologist had lower risks of pneumonia (OR = 0.61; 95% CI, 0.53–0.70),

septicemia (OR = 0.49; 95% CI, 0.39–0.61), urinary tract infection (OR = 0.76; 95% CI, 0.66–

0.88), and in-hospital mortality (OR = 0.37; 95% CI, 0.29–0.47). The average length of hospital

stay (7.7±19.7 vs 5.7±7.0 days; P< .001) was shorter in cardiologists’ patients than in NC phy-

sicians’ patients.

The stratified analysis show that the association between cardiology specialty and reduced

postadmission adverse events was significant in females (OR = 0.66; 95% CI, 0.57–0.76), males

(OR = 0.59; 95% CI, 0.51–0.67), and people aged 40–49 years (OR = 0.55; 95% CI, 0.33–0.92),

50–59 years (OR = 0.56; 95% CI, 0.41–0.79), 60–69 years (OR = 0.58; 95% CI, 0.45–0.76), 70–

79 years (OR = 0.64; 95% CI, 0.54–0.76), and�80 years (OR = 0.60; 95% CI, 0.51–0.72)

(Table 3).

Discussion

In this population-based study with a propensity-score matching analysis, we found that

patients admitted due to cardiovascular diseases receiving treatment by cardiologists had

lower risks of pneumonia, septicemia and urinary tract infection and 30-day in-hospital
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Table 1. Characteristics of patients with cardiovascular admission receiving care by cardiologists and NC physicians.

NC physicians (N = 6264) Cardiologists (N = 6264) P value

Sex n (%) n (%) 1.0000

Female 2519 (40.2) 2519 (40.2)

Male 3745 (59.8) 3745 (59.8)

Age, years 1.0000

20–29 70 (1.1) 70 (1.1)

30–39 169 (2.7) 169 (2.7)

40–49 503 (8.0) 503 (8.0)

50–59 1099 (17.5) 1099 (17.5)

60–69 1270 (20.3) 1270 (20.3)

70–79 1825 (29.1) 1825 (29.1)

�80 1328 (21.2) 1328 (21.2)

Low income 1.0000

No 6160 (98.3) 6160 (98.3)

Yes 104 (1.7) 104 (1.7)

Medical conditions

Hypertension 3044 (48.6) 3044 (48.6) 1.0000

Diabetes 1218 (19.4) 1218 (19.4) 1.0000

Mental disorders 816 (13.0) 816 (13.0) 1.0000

COPD 713 (11.4) 713 (11.4) 1.0000

Hyperlipidemia 235 (3.8) 235 (3.8) 1.0000

Chronic kidney disease 95 (1.5) 95 (1.5) 1.0000

End-stage renal disease 47 (0.8) 47 (0.8) 1.0000

Liver cirrhosis 32 (0.5) 32 (0.5) 1.0000

Parkinson’s disease 24 (0.4) 24 (0.4) 1.0000

Type of heart disease 1.0000

Acute myocardial infarction 1014 (16.2) 1014 (16.2)

Other acute and subacute IHD 254 (4.1) 254 (4.1)

Angina pectoris 286 (4.6) 286 (4.6)

Other chronic IHD 2199 (35.1) 2199 (35.1)

Acute and subacute endocarditis 25 (0.4) 25 (0.4)

Acute myocarditis 4 (0.1) 4 (0.1)

Other diseases of pericardium 11 (0.2) 11 (0.2)

Other diseases of endocardium 89 (1.4) 89 (1.4)

Cardiomyopathy 43 (0.7) 43 (0.7)

Conduction disorders 57 (0.9) 57 (0.9)

Cardiac dysrhythmias 892 (14.2) 892 (14.2)

Heart failure 1383 (22.1) 1383 (22.1)

Ill-defined descriptions and complications of heart disease 7 (0.1) 7 (0.1)

Number of hospitalizations 1.0000

0 4173 (66.6) 4173 (66.6)

1 1184 (18.9) 1184 (18.9)

2 352 (5.6) 352 (5.6)

�3 555 (8.9) 555 (8.9)

Number of emergency visits 1.0000

0 2956 (47.2) 2956 (47.2)

1 1547 (24.7) 1547 (24.7)

2 703 (11.2) 703 (11.2)

(Continued)
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mortality compared with those cared by general physicians. Shorter length of hospital stays

was also noted in inpatients receiving a cardiologist’s medical services. The association

between a cardiologist’s care and less adverse events following admission was significant in

several of the subgroups including gender, age group of more than 40 years and patients with

various medical conditions, previous emergency and inpatient care.

We proposed some possible explanations to clarify the beneficial effects of receiving a cardi-

ologist’s care on the outcome of admission due to cardiovascular disease. First, the cardiolo-

gists tended to use more exact diagnostic procedures and were characterized by better

adherence to certain evidence-based processes of care [8,9,12,14,21–24], such as beta-blockers

[9,10,25–29], calcium channel blockers or angiotensin-converting enzyme inhibitors [28,29].

Second, a cardiologist is also associated with a better disease guideline compliance, which not

only includes the acute phase of the disease medical care but also the disease risk factor survey,

emergency care, management during hospitalization and at discharge, long-term therapies

and complication management [12,13,15,30]. Third, the cardiologist is also more aggressive

when selecting the most appropriate intervention procedure or when transferring the patient

to a surgeon for operation if they are unable to cure the patient [8,14,18]. Although the previ-

ous study suggested that the differences of outcome disappeared after adjusting for differences

in patient demographics and comorbidities between cardiologist and non-cardiologist treated

patients [31], our study found the less infectious complications and mortality in patients

received inpatient care by cardiologists after the propensity-score matching. It revealed that

future well-design studies even randomized clinical trials are necessary for presenting the reli-

able evidence.

Fourth, another explanation is the distribution of cardiologists between hospitals and the

complexity of the hospital. In Taiwan, the medical center usually has an integrated specialist

departmental system, more medical resources and more cardiologists. A patient suffering

Table 1. (Continued)

NC physicians (N = 6264) Cardiologists (N = 6264) P value

�3 1058 (16.9) 1058 (16.9)

COPD, chronic obstructive pulmonary disease; NC, non-cardiologist; IHD, ischemic heart disease.

https://doi.org/10.1371/journal.pone.0235207.t001

Table 2. Adverse events after admission of heart disease in patients who received care by cardiologists and NC physicians.

NC physicians (N = 6264) Cardiologists (N = 6264) Outcome risk

Outcomes after admission Events % Event % OR (95% CI)b

30-day in-hospital mortality 249 4.0 94 1.5 0.37 (0.29–0.47)

Pneumonia 530 8.5 334 5.3 0.61 (0.53–0.70)

Septicemia 238 3.8 118 1.9 0.49 (0.39–0.61)

Urinary tract infection 429 6.9 331 5.3 0.76 (0.66–0.88)

ICU stay 2072 33.1 2139 34.2 1.05 (0.97–1.13)

Medical expenditure, USDc 2454±3053 2542±2645 p = 0.0860

Length of hospital stay, daysc 7.7±19.7 5.7±7.0 p<0.0001

NC, non-cardiologist; CI, confidence interval; OR, odds ratio.
bAnalyzed by univariate logistic regressions after propensity-score matching.
cMean±SD; In the multiple regressions, the medical expenditure (beta = 87.6, P = .0774) and length of hospital stay (beta = -1.98, P < .0001) were associated with

cardiologists.

https://doi.org/10.1371/journal.pone.0235207.t002
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Table 3. The stratified analysis for the adverse events after admission of heart disease associated with cardiologists’ care.

Adverse eventsa

n Events Rate, % OR (95% CI)b

Female NC physicians 2519 580 23.0 1.00 (reference)

Cardiologists 2519 414 16.4 0.66 (0.57–0.76)

Male NC physicians 3745 574 15.3 1.00 (reference)

Cardiologists 3745 359 9.6 0.59 (0.51–0.67)

Age 20–39 years NC physicians 239 26 10.9 1.00 (reference)

Cardiologists 239 17 7.1 0.63 (0.33–1.19)

Age 40–49 years NC physicians 503 42 8.4 1.00 (reference)

Cardiologists 503 24 4.8 0.55 (0.33–0.92)

Age 50–59 years NC physicians 1099 102 9.3 1.00 (reference)

Cardiologists 1099 60 5.5 0.56 (0.41–0.79)

Age 60–69 years NC physicians 1270 159 12.5 1.00 (reference)

Cardiologists 1270 98 7.7 0.58 (0.45–0.76)

Age 70–79 years NC physicians 1825 385 21.1 1.00 (reference)

Cardiologists 1825 268 14.7 0.64 (0.54–0.76)

Age�80 years NC physicians 1328 440 33.1 1.00 (reference)

Cardiologists 1328 306 23.0 0.60 (0.51–0.72)

0 medical condition NC physicians 2051 362 17.7 1.00 (reference)

Cardiologists 2051 222 10.8 0.57 (0.47–0.68)

1 medical condition NC physicians 2586 472 18.3 1.00 (reference)

Cardiologists 2586 326 12.6 0.65 (0.55–0.75)

�2 medical conditions NC physicians 1627 320 19.7 1.00 (reference)

Cardiologists 1627 225 13.8 0.66 (0.54–0.79)

0 hospitalizations NC physicians 4173 649 15.6 1.00 (reference)

Cardiologists 4173 436 10.5 0.63 (0.56–0.72)

1 hospitalizations NC physicians 1184 240 20.3 1.00 (reference)

Cardiologists 1184 159 13.4 0.61 (0.49–0.76)

2 hospitalizations NC physicians 352 90 25.6 1.00 (reference)

Cardiologists 352 62 17.6 0.62 (0.43–0.90)

�3 hospitalizations NC physicians 555 175 31.5 1.00 (reference)

Cardiologists 555 116 20.9 0.57 (0.44–0.75)

0 emergency visits NC physicians 2956 473 16.0 1.00 (reference)

Cardiologists 2956 318 10.8 0.63 (0.54–0.74)

1 emergency visits NC physicians 1547 307 19.8 1.00 (reference)

Cardiologists 1547 192 12.4 0.57 (0.47–0.70)

2 emergency visits NC physicians 703 141 20.1 1.00 (reference)

Cardiologists 703 80 11.4 0.51 (0.38–0.69)

�3 emergency visits NC physicians 1058 233 22.0 1.00 (reference)

Cardiologists 1058 183 17.3 0.74 (0.60–0.92)

No other chronic IHD NC physicians 4065 993 24.4 1.00 (reference)

Cardiologists 4065 648 15.9 0.59 (0.53–0.66)

Other chronic IHD NC physicians 2199 161 7.3 1.00 (reference)

Cardiologists 2199 125 5.7 0.76 (0.60–0.97)

No heart failure NC physicians 4881 744 15.2 1.00 (reference)

Cardiologists 4881 472 9.7 0.60 (0.53–0.67)

Heart failure NC physicians 1383 410 29.7 1.00 (reference)

Cardiologists 1383 301 21.8 0.66 (0.56–0.78)

(Continued)
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from a cardiovascular disease admitted to the medical center may receive cardiologist’s care

with more ease than others who are admitted to metropolitan hospitals. The relationship

between cardiovascular mortality and physician volume, and hospital volume/complexity has

been proved [10,32]. In our study database, which involves a national cohort, the type of hospi-

tal the patients were admitted to was not included. The difference in distribution between car-

diologists and general physicians between hospitals may contribute to the disease outcome. In

addition, the type of ward is also related to a patient’s health outcome. Patients admitted to the

cardiovascular units at medical centers may benefit from more comprehensive care and a

higher number of therapies [11,33–37]. Patients also receive better nursing care focusing on

cardiovascular complications, better medical attention by doctors and stay in a less complex

medical care unit. A simpler ward environment and patient population may also relate to a

lower hospital acquired infection rate. Finally, an increased patient compliance with the

attending physician’s instructions, due to a better doctor-patient relationship, is also a possible

explanation. Past studies revealed that increasing adherence to attendance may decrease short-

term readmission rate or mortality [12,38–40]. We observed that in Taiwan, it is at the discre-

tion of the emergency physicians to shunt patients during admission in many regional or dis-

trict hospitals. Emergency physicians may also interfere with assignment of the patients to

their attending physician. For example, emergency physicians tend to increasingly assign new

cases to general physicians, which may increase the misclassification rate.

We noticed that patients aged between 30–39 years old did not have better outcomes under

a cardiologist’s care. The possible explanation for this is that patients in this age group are

healthier and more resistant to diseases or have a more rapid rehabilitation ability. On the

other hand, from the epidemiological point of view, this comprehensive outcome difference

between general physicians and cardiologists definitely demonstrates that the attending physi-

cian’s specialty affects the quality of the cardiovascular disease treatment.

Interpretation of our findings should be done with caution because of some study limita-

tions. First, information regarding the location of residence, lifestyle, family history of cardio-

vascular disease, clinical risk scores, clinical blood sample lab data and seniority of the doctors

were unavailable in the database and these factors may be residual confounders in our study.

The location of residence may be one of factors associated with patients to be in cardiologist

group or NC group because the small hospital located in very rural area has no cardiology spe-

cialty. Second, we do not have detailed data regarding the consultation of a cardiologist during

Table 3. (Continued)

Adverse eventsa

n Events Rate, % OR (95% CI)b

No AMI NC physicians 5250 886 16.9 1.00 (reference)

Cardiologists 5250 592 11.3 0.63 (0.56–0.70)

AMI NC physicians 1014 268 26.4 1.00 (reference)

Cardiologists 1014 181 17.9 0.61 (0.49–0.75)

No cardiac dysrhythmias NC physicians 5372 931 17.3 1.00 (reference)

Cardiologists 5372 679 12.6 0.69 (0.62–0.77)

Cardiac dysrhythmias NC physicians 892 223 25.0 1.00 (reference)

Cardiologists 892 94 10.5 0.35 (0.27–0.46)

CI, confidence interval; NC, non-cardiologist; OR, odds ratio.
aAdverse events included with 30-day in-hospital mortality, pneumonia, septicemia, urinary tract infection.
bAnalyzed by univariate logistic regressions after propensity-score matching.

https://doi.org/10.1371/journal.pone.0235207.t003
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the inpatient care by the general physicians. However, this limitation may contribute to the

underestimation of beneficial effects of a cardiologist’s services on inpatients with cardiovascu-

lar diseases. Third, we did not match the hospital complexity/volume in both groups, which

may be a confounding factor as mentioned before and in past studies [10,32], because there

are no related data in Taiwan’s National Health Insurance database. Type of hospital is one of

the potential confounding factors in this study. Fourth, we also did not normalize the use of

medications, diagnosis procedures and treatment between both groups, which were usually

compared in earlier references as the major results and causes. In contrast with other studies

that were focused on only one cardiovascular disease [6,8–11,14–15], our analysis included

nearly all common cardiovascular diseases along with many subtypes. In addition, our study

focused on short-term complications and mortality following admission due to cardiovascular

diseases, excluding out-patient outcomes. In contrast, with previous reports [6,7,10,11,15,16],

we believed that the short-term and admission outcomes may related to the type of physician

service, thus underscoring the a cardiologist’s value. Finally, the validation of Taiwan’s

National Health Insurance Research Database remains inadequate although the physician’s

diagnosis and codes of diseases were validated in previous studies [41–46]. We also could not

exclude the possibility of residual confounding variables although several potential confound-

ers were adjusted for in our analysis models.

In conclusion, we raised that possibility that cardiologist care was associated with reduced

infectious complications, mortality, and length of hospital stay among patients admitted due

to HD. Our study implicates that the role of the physician specialty is crucial in the inpatient

care of cardiovascular disease. Consultation with a cardiologist is encouraged when a general

physician is providing medical care to patients with cardiovascular diseases.

Supporting information

S1 Table. Characteristics of patients with cardiovascular admission receiving care by cardi-

ologists and NC physicians.
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mburu-Bodas Ó, et al. Prognostic impact of physician specialty on the prognosis of outpatients with

heart failure: propensity matched analysis of the REDINSCOR and RICA registries. Rev Esp Cardiol

(Engl Ed). 2017; 70: 347–354. https://doi.org/10.1016/j.rec.2016.12.026 PMID: 28189543

12. Avaldi VM, Lenzi J, Urbinati S, Molinazzi D, Descovich C, Campagna A, et al. Effect of cardiologist care

on 6-month outcomes in patients discharged with heart failure: results from an observational study

based on administrative data. BMJ Open. 2017; 7: e018243. https://doi.org/10.1136/bmjopen-2017-

018243 PMID: 29101146

PLOS ONE Physician specialty and outcome of heart diseases

PLOS ONE | https://doi.org/10.1371/journal.pone.0235207 July 6, 2020 10 / 12

https://www.nice.org.uk/guidance/cg181/chapter/Introduction/
https://www.nice.org.uk/guidance/cg181/chapter/Introduction/
https://www.who.int/cardiovascular.diseases/en/
https://www.who.int/cardiovascular.diseases/en/
https://doi.org/10.1161/CIR.0000000000000485
http://www.ncbi.nlm.nih.gov/pubmed/28122885
https://doi.org/10.1093/eurheartj/ehm316
http://www.ncbi.nlm.nih.gov/pubmed/17726041
http://www.ncbi.nlm.nih.gov/pubmed/9531225
https://doi.org/10.1001/archinte.159.13.1429
http://www.ncbi.nlm.nih.gov/pubmed/10399894
https://doi.org/10.1503/cmaj.1032017
https://doi.org/10.1503/cmaj.1032017
http://www.ncbi.nlm.nih.gov/pubmed/15655239
https://doi.org/10.1016/j.amjmed.2005.01.075
http://www.ncbi.nlm.nih.gov/pubmed/16194643
https://doi.org/10.1016/j.ahj.2011.11.012
http://www.ncbi.nlm.nih.gov/pubmed/22305844
https://doi.org/10.1016/j.amjcard.2014.11.034
http://www.ncbi.nlm.nih.gov/pubmed/25637324
https://doi.org/10.1016/j.rec.2016.12.026
http://www.ncbi.nlm.nih.gov/pubmed/28189543
https://doi.org/10.1136/bmjopen-2017-018243
https://doi.org/10.1136/bmjopen-2017-018243
http://www.ncbi.nlm.nih.gov/pubmed/29101146
https://doi.org/10.1371/journal.pone.0235207


13. Driscoll A, Meagher S, Kennedy R, Hay M, Banerji J, Campbell D, et al. What is the impact of systems

of care for heart failure on patients diagnosed with heart failure: a systematic review. BMC Cardiovasc

Disord. 2016; 16: 195. https://doi.org/10.1186/s12872-016-0371-7 PMID: 27729027

14. Philbin EF, Jenkins PL. Differences between patients with heart failure treated by cardiologists, inter-

nists, family physicians, and other physicians: analysis of a large, statewide database. Am Heart J.

2000; 139: 491–496. https://doi.org/10.1016/s0002-8703(00)90093-0 PMID: 10689264

15. Chen J, Radford MJ, Wang Y, Krumholz HM. Care and outcomes of elderly patients with acute myocar-

dial infarction by physician specialty: the effects of comorbidity and functional limitations. Am J Med.

2000; 108: 460–469. https://doi.org/10.1016/s0002-9343(00)00331-4 PMID: 10781778

16. Frances CD, Shlipak MG, Noguchi H, Heidenreich PA, McClellan M. Does physician specialty affect the

survival of elderly patients with myocardial infarction? Health Serv Res. 2000; 35: 1093–1116. PMID:

11130812

17. Bekelman DB, Allen LA, McBryde CF, Hattler B, Fairclough DL, Havranek EP, et al. Effect of a collabo-

rative care intervention vs usual care on health status of patients with chronic heart failure: The CASA

Randomized Clinical Trial. JAMA Intern Med. 2018; 178: 511–519. https://doi.org/10.1001/

jamainternmed.2017.8667 PMID: 29482218

18. Liu WC, Lin CS, Yeh CC, Wu HY, Lee YJ, Chung CL, et al. Effect of influenza vaccination against post-

operative pneumonia and mortality for geriatric patients receiving major surgery: a nationwide matched

study. J Infect Dis. 2018; 217: 816–826. https://doi.org/10.1093/infdis/jix616 PMID: 29216345

19. Liao CC, Shen WW, Chang CC, Chang H, Chen TL. Surgical adverse outcomes in patients with schizo-

phrenia: a population-based study. Ann Surg. 2013; 257: 433–438. https://doi.org/10.1097/SLA.

0b013e31827b9b25 PMID: 23241870

20. Liao CC, Lin CS, Shih CC, Yeh CC, Chang YC, Lee YW, et al. Increased risk of fracture and postfrac-

ture adverse events in patients with diabetes: two nationwide population-based retrospective cohort

studies. Diabetes Care. 2014; 37: 2246–2252. https://doi.org/10.2337/dc13-2957 PMID: 24804698

21. Munt B, O’Neill BJ, Koilpillai C, Gin K, Jue J, Honos G, et al. Treating the right patient at the right time:

access to echocardiography in Canada. Can J Cardiol. 2006; 22: 1029–1033. https://doi.org/10.1016/

s0828-282x(06)70318-x PMID: 17036097

22. Bellotti P, Badano LP, Acquarone N, Griffo R, Lo Pinto G, Maggioni AP, et al. Specialty-related differ-

ences in the epidemiology, clinical profile, management and outcome of patients hospitalized for heart

failure;the OSCUR study. Eur Heart J. 2001; 22: 596–604. https://doi.org/10.1053/euhj.2000.2362

PMID: 11259147

23. Sin DD, McAlister FA. The effects of beta-blockers on morbidity and mortality in a population-based

cohort of 11942 elderly patients with heart failure. Am J Med. 2002; 113: 650–656. https://doi.org/10.

1016/s0002-9343(02)01346-3 PMID: 12505115

24. McAlister FA, Teo KK, Taher M, Montague TJ, Humen D, Cheung L, et al. Insights into the contempo-

rary epidemiology and outpatient management of congestive heart failure. Am Heart J. 1999; 138: 87–

94. https://doi.org/10.1016/s0002-8703(99)70251-6 PMID: 10385769

25. Jong P, Gong Y, Liu PP, Austin PC, Lee DS, Tu JV. Care and outcomes of patients newly hospitalized

for heart failure in the community treated by cardiologists compared with other specialists. Circulation.

2003; 108: 184–191. https://doi.org/10.1161/01.CIR.0000080290.39027.48 PMID: 12821540

26. Reis SE, Holubkov R, Edmundowicz D, McNamara DM, Zell KA, Detre KM, et al. Treatment of patients

admitted to the hospital with congestive heart failure: specialty related disparities in practice patterns

and outcomes. J Am Coll Cardiol. 1997; 30: 733–738. https://doi.org/10.1016/s0735-1097(97)00214-3

PMID: 9283533

27. Lee DS, Tu JV, Juurlink DN, Alter DA, Ko DT, Austin PC, et al. Risk-treatment mismatch in the pharma-

cotherapy of heart failure. JAMA. 2005; 294: 1240–1247. https://doi.org/10.1001/jama.294.10.1240

PMID: 16160132

28. Cleland JG, Cohen-Solal A, Aguilar JC, Dietz R, Eastaugh J, Follath F, et al. Management of heart fail-

ure in primary care (the IMPROVEMENT of heart failure programme): an international survey. Lancet.

2002; 360: 1631–1639. https://doi.org/10.1016/s0140-6736(02)11601-1 PMID: 12457785

29. Stafford RS, Radley DC. The underutilization of cardiac medications of proven benefit, 1990 to 2002. J

Am Coll Cardiol. 2003; 41: 56–61. https://doi.org/10.1016/s0735-1097(02)02670-0 PMID: 12570945

30. Chen J, Radford MJ, Wang Y, Marciniak TA, Krumholz HM. Do “America’s best hospitals” perform bet-

ter for acute myocardial infarction? N Engl J Med. 1999; 340: 286–292. https://doi.org/10.1056/

NEJM199901283400407 PMID: 9920954

31. McAlister FA, Wang J, Donovan L, Lee DS, Armstrong PW, Tu JV. Influence of patient goals of care on

performance measures in patients hospitalized for heart failure: an analysis of the enhanced feedback

for Effective Cardiac Treatment (EFFECT) Registry. Circ Heart Fail. 2015; 8: 481–488. https://doi.org/

10.1161/CIRCHEARTFAILURE.114.001712 PMID: 25669939

PLOS ONE Physician specialty and outcome of heart diseases

PLOS ONE | https://doi.org/10.1371/journal.pone.0235207 July 6, 2020 11 / 12

https://doi.org/10.1186/s12872-016-0371-7
http://www.ncbi.nlm.nih.gov/pubmed/27729027
https://doi.org/10.1016/s0002-8703(00)90093-0
http://www.ncbi.nlm.nih.gov/pubmed/10689264
https://doi.org/10.1016/s0002-9343(00)00331-4
http://www.ncbi.nlm.nih.gov/pubmed/10781778
http://www.ncbi.nlm.nih.gov/pubmed/11130812
https://doi.org/10.1001/jamainternmed.2017.8667
https://doi.org/10.1001/jamainternmed.2017.8667
http://www.ncbi.nlm.nih.gov/pubmed/29482218
https://doi.org/10.1093/infdis/jix616
http://www.ncbi.nlm.nih.gov/pubmed/29216345
https://doi.org/10.1097/SLA.0b013e31827b9b25
https://doi.org/10.1097/SLA.0b013e31827b9b25
http://www.ncbi.nlm.nih.gov/pubmed/23241870
https://doi.org/10.2337/dc13-2957
http://www.ncbi.nlm.nih.gov/pubmed/24804698
https://doi.org/10.1016/s0828-282x(06)70318-x
https://doi.org/10.1016/s0828-282x(06)70318-x
http://www.ncbi.nlm.nih.gov/pubmed/17036097
https://doi.org/10.1053/euhj.2000.2362
http://www.ncbi.nlm.nih.gov/pubmed/11259147
https://doi.org/10.1016/s0002-9343(02)01346-3
https://doi.org/10.1016/s0002-9343(02)01346-3
http://www.ncbi.nlm.nih.gov/pubmed/12505115
https://doi.org/10.1016/s0002-8703(99)70251-6
http://www.ncbi.nlm.nih.gov/pubmed/10385769
https://doi.org/10.1161/01.CIR.0000080290.39027.48
http://www.ncbi.nlm.nih.gov/pubmed/12821540
https://doi.org/10.1016/s0735-1097(97)00214-3
http://www.ncbi.nlm.nih.gov/pubmed/9283533
https://doi.org/10.1001/jama.294.10.1240
http://www.ncbi.nlm.nih.gov/pubmed/16160132
https://doi.org/10.1016/s0140-6736(02)11601-1
http://www.ncbi.nlm.nih.gov/pubmed/12457785
https://doi.org/10.1016/s0735-1097(02)02670-0
http://www.ncbi.nlm.nih.gov/pubmed/12570945
https://doi.org/10.1056/NEJM199901283400407
https://doi.org/10.1056/NEJM199901283400407
http://www.ncbi.nlm.nih.gov/pubmed/9920954
https://doi.org/10.1161/CIRCHEARTFAILURE.114.001712
https://doi.org/10.1161/CIRCHEARTFAILURE.114.001712
http://www.ncbi.nlm.nih.gov/pubmed/25669939
https://doi.org/10.1371/journal.pone.0235207


32. Thiemann DR, Coresh J, Oetgen WJ, Powe NR. The association between hospital volume and survival

after acute myocardial infarction in elderly patients. N Engl J Med. 1999; 340: 1640–1648. https://doi.

org/10.1056/NEJM199905273402106 PMID: 10341277

33. Ansari M, Alexander M, Tutar A, Bello D, Massie BM. Cardiology participation improves outcomes in

patients with new-onset heart failure in the outpatient setting. J Am Coll Cardiol. 2003; 41: 62–68.

https://doi.org/10.1016/s0735-1097(02)02493-2 PMID: 12570946

34. Rich MW, Beckham V, Wittenberg C, Leven CL, Freedland KE, Carney RM. A multidisciplinary inter-

vention to prevent the readmission of elderly patients with congestive heart failure. N Engl J Med. 1995;

333: 1190–1195. https://doi.org/10.1056/NEJM199511023331806 PMID: 7565975

35. Fonarow GC, Stevenson LW, Walden JA, Livingston NA, Steimle AE, Hamilton MA, et al. Impact of a

comprehensive heart failure management program on hospital readmission and functional status of

patients with advanced heart failure. J Am Coll Cardiol. 1997; 30: 725–732. https://doi.org/10.1016/

s0735-1097(97)00208-8 PMID: 9283532

36. Hanumanthu S, Butler J, Chomsky D, Davis S, Wilson JR. Effect of a heart failure program on hospitali-

zation frequency and exercise tolerance. Circulation. 1997; 96: 2842–2848. https://doi.org/10.1161/01.

cir.96.9.2842 PMID: 9386147

37. Komajda M, Follath F, Swedberg K, Cleland J, Aguilar JC, Cohen-Solal A, et al. The Euro Heart Failure

Survey programme. Part 2: treatment. Eur Heart J. 2003; 24: 464–474. https://doi.org/10.1016/s0195-

668x(02)00700-5 PMID: 12633547

38. Fonarow GC, Abraham WT, Albert NM, Stough WG, Gheorghiade M, Greenberg BH, et al. Association

between performance measures and clinical outcomes for patients hospitalized with heart failure.

JAMA. 2007; 297: 61–70. https://doi.org/10.1001/jama.297.1.61 PMID: 17200476

39. Kfoury AG, French TK, Horne BD, Rasmusson KD, Lappé DL, Rimmasch HL, et al. Incremental survival
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