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Abstract 

Background  Cognitive impairment (CI) increases cardiac mortality among very elderly patients. Percutaneous coronary intervention 

(PCI) for ischemic heart disease (IHD) patients is considered a favorable strategy for decreasing cardiac mortality. Here, we investigated the 

influence of CI on cardiac mortality after PCI in very elderly patients. Methods  We performed a retrospective observational analysis of 

patients who received PCI between 2012 and 2014 at the South Miyagi Medical Center, Japan. IHD patients over 80 years old who under-

went the Mini-Mental State Examination for CI screening during hospitalization and/or who had been diagnosed with CI were included. 

Participants were divided into CI and non-CI groups, and cardiac mortality and incidence of adverse cardiac events in a 3-year follow-up 

period were compared between groups. Statistical analyses were performed using the t-test, χ2 test, and multivariable Cox regression analysis, 

with major comorbid illness and conventional cardiac risk factors as confounders. Results  Of 565 patients, 95 were included (41 CI, 54 

non-CI). Cardiac mortality during the follow-up period was significantly higher in the CI group (36%) compared with the non-CI group 

(13%) (OR = 4.3, 95% CI: 1.56–11.82, P < 0.05). CI was an independent cardiac prognostic factor after PCI and, for CI patients, living only 

with a CI partner was an independent predictor of cardiac death within three years. Conclusions  CI significantly affected cardiac prognosis 

after PCI in very elderly patients, particularly those living with a CI partner. To improve patients’ prognoses, social background should be 

considered alongside conventional medical measures. 
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1  Introduction 

Percutaneous coronary intervention (PCI) for very eld-
erly patients with ischemic heart disease (IHD) is consid-
ered a favorable therapeutic strategy compared with optimal 
pharmacological therapy.[1–5] However, the development of 
IHD increases with age, and the prognosis of these patients 
is poor.[4,6,7] One possible reason for this declining prognosis 
with age is the prevalence of cognitive impairment (CI), 
which is reported to be present in approximately 20% of 
patients aged > 80 years, while reported all-cause mortality 
due to cardiovascular disease, respiratory disease and ex-
ternal causes is higher in CI patients compared with that in 
non-CI patients.[8–10] 
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For patients over 80 years old, PCI is considered to be 

favorable for decreasing mortality.[1] However, few studies 

have examined the association between CI and prognosis in 

very elderly patients undergoing PCI. Because patients with 

CI tend to exhibit a range of pathophysiological problems, 

the evaluation of factors influencing prognosis is challeng-

ing.[11,12] However, it is important to elucidate the factors 

influencing prognosis after PCI in very elderly patients 

based on conventional medical and social factors. Clarifica-

tion of the effects of medical and social background factors 

on prognosis after PCI, including the presence or absence of 

CI, presence or absence of comorbid illness, and presence or 

absence of a domestic partner, as well as conventional car-

diac prognostic factors, may contribute to decision-making 

regarding the most appropriate therapeutic strategy. 

In the current study, we sought to identify the effects of 

prognostic factors in very old CI patients to inform proac-

tive intervention. 
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2  Methods 

This single-center case control study retrospectively 
analyzed consecutive elderly patients at South-Miyagi Me-
dical Center, Miyagi, Japan, for whom PCI was indicated. 
This study was approved by the institutional review board 
of South Miyagi Medical Center and was conducted in ac-
cordance with the tenets of the Declaration of Helsinki. All 
patients provided written informed consent prior to enroll-
ment. 

2.1  Study population 

We retrospectively analyzed an electronic database of 
consecutive patients with IHD who underwent PCI at the 
South-Miyagi Medical Center, Miyagi, Japan from 2012 to 
2014. Among these patients, very elderly patients (over 80 
years old) were included. We obtained patients’ information 
from the hospital, the outpatient department, and/or the pa-
tients’ home doctor within the past three years. Patients who 
underwent both emergent and elective PCI were included in 
this study. To handle missing data and the loss of follow-up 
cases, we excluded patients who could not be diagnosed as 
either CI or non-CI throughout hospitalization, and patients 
for whom it was not possible to obtain follow-up informa-
tion at the end of the 3-year period after discharge. Because 
this was a single center study in a rural area, the social 
background of the patients may not be representative of the 
general population. 

2.2  Definition of adverse events 

We compared all-cause mortality, cardiac mortality, and 
development of congestive heart failure (CHF) between 
groups within 1-3 years after PCI (Table 1). Cardiac death 
was defined as death due to CHF, involving cardiac shock 
and sudden death. CHF was defined based on the Framing-
ham criteria.[13] According to these criteria, patients who 
exhibited two major findings or one major and two minor 
findings were diagnosed with CHF. Cases of probable and 
questionable CHF were not included. We referred to find-
ings from X-ray examination, echocardiography and labo-

ratory data when we obtained information on adverse car-
diac events such as cardiac death or the development of 
CHF. Furthermore, we obtained information from clinical 
records, discharge records, death certificate, the home doc-
tor, and telephone calls to the patient or patient’s family. 

2.3  Definition of CI 

Cognitive impairment was diagnosed at initial admission 
using the Mini-Mental State Examination (MMSE) during 
hospitalization for IHD.[14] In the current study, patients 
with MMSE scores < 20 points were diagnosed with CI. 
Differential diagnosis regarding the cause of CI, such as 
Alzheimer’s disease or cerebrovascular disease, was not 
considered in this study. These patients and/or those receiv-
ing pharmacological treatment for CI were also enrolled in 
the CI group without undergoing the MMSE. Note that the 
MMSE was not administered for all elderly patients, but 
was performed depending on the physician’s decision. Pa-
tients who exhibited delirium during hospitalization before 
and after PCI were excluded because the MMSE was not 
performed. 

2.4  Definition of IHD 

Patients who reported severe chest pain and/or showed 
ST-segment elevation on electrocardiography, and those 
with significant stenosis or occlusion of a coronary artery, 
were diagnosed with acute coronary syndrome. Patients 
who had a history of myocardial infarction (MI) with elec-
trocardiographic evidence of MI and abnormal wall motion 
on ultrasound echocardiography (UCG) were diagnosed 
with old MI. Patients who exhibited symptoms (i.e., chest 
oppression) and/or obvious ischemic findings on electrocar-
diography, UCG, stress test, and cardiac catheterization 
were diagnosed with angina pectoris. Asymptomatic pa-
tients with positive findings in the aforementioned examina-
tions were diagnosed with silent myocardial ischemia. 

2.5  Co-morbidity 

Data regarding co-morbidity at the moment of admission  

Table 1.  Comparison of clinical outcomes between the CI group and non-CI group for three years after PCI with univariate 
analyses. 

Variables CI (n = 41) Non-CI (n = 54) OR (95% CI) P-value 

All-cause mortality 17 (18%) 13 (14%) NS NS 

Cardiac mortality     

Within the 1st year 12 (29%) 5 (9%) 4.1 (1.29–12.67) < 0.05 

Within the 2nd year 12 (29%) 6 (11%) 3.7 (1.27–10.87) < 0.05 

Within the 3rd year 15 (36%) 7 (13%) 4.3 (1.56–11.82) < 0.05 

Adverse cardiac events 16 (39%) 9 (17%) 3.2 (1.23–8.29) < 0.05 

CI: cognitive impairment; NS: no significance; OR: odds ratio; PCI: percutaneous coronary intervention. 
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were mainly obtained from clinical records. In this study, 
diseases that were still under medical treatment were con-
sidered co-morbidities. Cardiac disease, cerebrovascular 
disease, respiratory disease, malignant disease, orthopedic 
disease, physical disability with any cause, and prevalence 
of conventional cardiac risk factors such as diabetes mellitus, 
hypertension, dyslipidemia, chronic kidney disease, were 
considered co-morbidities, as shown in Table 2. This infor-
mation was obtained from clinical records and/or interviews 
with patients or their families. Note that recovered illness, 
such as conditions requiring minor surgical treatment, was 
found to have little effect in the present study, so is not in-
cluded in the table. 

2.6  Data characteristics 

The physiological and biochemical data were obtained 
within seven days prior to PCI, except in emergency cases, 
in which the data were obtained several days after PCI. 
Diabetes mellitus was defined as hemoglobin A1c > 6.3% 
according to the standards proposed in the National Glyco-
hemoglobin Standardization Program.[15] Chronic kidney 
disease was defined according to an estimated glomerular 
filtration rate < 60 mL/min per 1.73 m2. Hypertension was 
defined as systolic blood pressure > 140 mmHg during the 
period of admission or being administered antihypertensive 
drugs. Dyslipidemia was defined as a low-density lipopro-
tein cholesterol level of 140 mg/dL or being administered 
with cholesterol-lowering drugs. The smoking status of pa-
tients could not be included in the analysis because of un-
clear description in the records. The data obtained from 
UCG findings after PCI, such as left ventricle ejection frac-
tion (LVEF), left atrial dimension (LAD), wall thickness, 
and the ratio of the early (E) to late (A) ventricular filling 
velocities, were included in the analyses as indicators of 
cardiac function. UCG data during the acute and chronic 
phases were obtained on admission and approximately one 
year after PCI, respectively. 

2.7  Social background 

We obtained information from clinical records and/or in-
terviews with patients or their families at the time of admis-
sion. The situation of certification of eligibility for nursing 
care, and the patient’s family structure were examined in 
this study. Family structure was divided into five patterns: 
living alone, living with a non-CI partner, living with a CI 
partner, living with children, and living with children and 
their family. 

2.8  Definition of frailty 

We obtained information about the progression of frailty 

from clinical records and/or physical examination after ap-
proximately one year after PCI. We referred to clinical re-
cords for information regarding frailty.[16] We defined as 
progression of frailty when the frailty of the patient was 
changed from vulnerable to mild frailty or higher within one 
year. 

2.9  Statistical analyses 

All data were retrospectively analyzed. Continuous data 
were expressed as mean ± SD, while categorical variables 
were expressed as numbers and percentages. Comparisons 
between the two groups were performed using Student’s 
t-tests for continuous variables, and the χ2 test for categori-
cal variables. Following the univariate analyses, multivari-
able logistic regression analysis was performed by adjusting 
the factors potentially related to adverse cardiac events with 
P < 0.1 in the univariate analyses. Not all of the established 
prognostic factors affecting adverse cardiac events were 
included as confounding factors when the factor did not 
reach P < 0.1 in univariate analyses. A level of P < 0.05 in 
the multivariable logistic regression analysis was considered 
to indicate statistical significance in all comparisons. All 
statistical analyses were performed using JMP® 14 software 
(SAS Institute Inc., Cary, NC, USA). 

3  Results 

3.1  Patient characteristics 

A total of 103 patients of 565 IHD patients who per-
formed PCI from 2012 to 2014 were identified as being 
over 80 years old. Among the 103 patients, eight patients 
were excluded because it was not possible to obtain infor-
mation about their CI or non-CI status throughout hospitali-
zation for delirium (n = 2), or to acquire follow-up informa-
tion during the 3-year period after PCI (n = 6). Thus, we 
retrospectively examined a final sample of 95 consecutive 
patients. The CI and non-CI groups included 41 patients 
(43%) and 54 patients (57%), respectively. The mean fol-
low-up period was 1134 ± 300 days. The baseline patient 
characteristics are shown in Table 2. There were no signifi-
cant differences between groups in terms of co-morbidity, 
such as cardiac disease, cerebrovascular disease, and con-
ventional cardiac risk factors including hypertension and 
diabetes, which are possible risk factors for cardiac events. 
The presence of physical disability due to any cause was 
higher in the CI group than in the non-CI group. Regarding 
laboratory data, brain natriuretic peptide (BNP) in the 
chronic phase was significantly higher in the CI group (BNP: 
426 ± 870 pg/mL in the CI group vs. 105 ± 115 pg/mL in 
the non-CI group, P < 0.05) although the other data showed  
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Table 2.  Clinical characteristics of all patients with or without CI. 

Variables CI (n = 41) Non-CI (n = 54) P-value 

Mean follow-up period, days 775 ± 495 1493 ± 785 < 0.05 

Age, yrs 85.2 ± 3.4 84.3 ± 3.1 NS 

Male sex 23 (52%) 32 (57%) NS 

BMI, kg/m2 23.2 ± 4.0 22.4 ± 3.6 NS 

Emergent PCI 20 (45%) 21 (37%) NS 

Prevalence of CHF on admission 20 (45%) 16 (29%) NS 

Comorbidity    

Cardiac disease 11 (39%) 7 (18%) NS 

AF 6 (15%) 4 (7%) NS 

Conduction disturbance 0 (0%) 3 (6%) NS 

IHD 0 (0%) 2 (4%) NS 

Chronic heart failure 6 (15%) 2 (4%) NS 

Cerebrovascular disease 5 (11%) 4 (4%) NS 

Respiratory disease 2 (4%) 5 (9%) NS 

Malignant disease 1 (2%) 1 (2%) NS 

Major bleeding 2 (4%) 4 (4%) NS 

Hypertension 33 (75%) 44 (78%) NS 

Diabetes 14 (32%) 19 (36%) NS 

Chronic kidney disease 23 (57%) 24 (44%)  

Prevalence of physical disability on admission 20 (50%) 13 (24%) < 0.05 

Dyslipidemia 22 (50%) 42 (75%) < 0.05 

Laboratory data    

Hemoglobin, g/dL 12.3 ± 1.82 12.5 ± 1.69 NS 

Lymphocyte subset, % 21.1 ± 11.1 23.5 ± 8.0 NS 

Albumin, g/mL 3.76 ± 0.44 3.84 ± 0.53 NS 

eGFR, mL/min·1.73 m2 56 ± 18.4 61.3 ± 21.6 NS 

BNP on admission, pg/mL 402 ± 528 277 ± 544 NS 

BNP on chronic phase, pg/mL 426 ± 870 105 ± 115 < 0.05 

Serum Na, mEq/L 140 ± 4.56 139 ± 4.23 NS 

Cardiac function on admission    

LVEF, % 55 ± 1.9 61 ± 10.7 < 0.05 

LAD, mm 43 ± 8.4 42 ± 6.4 NS 

E/A 0.89 ± 0.52 0.71 ± 0.24 NS 

LVH (IVS + PW > 21 mm) 8 (18%) 8 (14%) NS 

Cardiac function at the chronic phase    

LVEF, % 56 ± 12.9 63 ± 9.7 < 0.05 

LAD, mm 44.3 ± 7.07 41 ± 6.8 NS 

E/A 0.69 ± 0.24 0.72 ± 0.29 NS 

LVH (IVS + PW > 21 mm) 8 (18%) 8 (14%) NS 

Medication    

Antiplatelet 42 (95%) 54 (98%) NS 

ACE/ARB 29 (66%) 40 (71%) NS 

Diuretics 15 (34%) 15 (26%) NS 

Beta blocker 24 (54%) 28 (50%) NS 

Anti-aldosterone agent 10 (22%) 8 (14%) NS 

Statin 28 (52%) 42 (75%) NS 

Data are presented as means ± SD or n (%). ACE: angiotensin-converting enzyme; AF: atrial fibrillation; ARB: angiotensin II receptor blocker; BMI: 

body mass index; BNP: brain natriuretic peptide; CHF: congestive heart failure; CI: cognitive impairment; eGFR: estimated glomerular filtration rate; 

IHD: ischemic heart disease; IVS: interventricular septum; LAD: left atrial dimension; LVEF: left ventricular ejection fraction; LVH: left ventricular 

hypertrophy; NS: no significance; PCI: percutaneous coronary intervention; PW: posterior wall. 
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no significant differences between the groups. Importantly, 
BNP on admission was no different between groups. Ac-
cording to UCG data on admission, indices of cardiac func-
tion were no different, except LVEF (LVEF: 55% vs. 61%, 
P < 0.05). In the chronic phase (i.e., approximately one year 
after PCI), LVEF was significantly lower in the CI group 
versus non-CI group (LVEF: 57% vs. 62%, P < 0.05), and 
LAD also tended to be larger in the CI group than the 
non-CI group, although this difference was not significant. 
In terms of medication, there were no significant differences 
between the groups. 

3.2  Clinical outcomes 

Table 1 shows the clinical outcomes. All-cause mortality 
was not significantly different in the non-CI group versus 
the CI group. The main causes of death in the non-CI group 
were fracture, cerebral hemorrhage and pneumonia during 
1-3 year follow-up period. In contrast, the main cause of 
death in the CI group was cardiac death resulting from de-
velopment of CHF and/or cardiac shock during the 1-3 year 
follow-up period. The odds ratios (ORs) for one, two, and 
three years were 4.1 (95% CI: 1.29–12.67, P < 0.05), 3.7 
(95% CI: 1.26–10.87, P < 0.05), and 4.3 (95% CI: 1.56– 
11.83, P < 0.05), respectively (Table 1). Adverse cardiac 
events (i.e., development of CHF) were also more common 
in the CI group versus the non-CI group (OR = 3.2, 95% CI: 
1.23–8.29). Importantly, no patients expired or developed 
CHF due to major complications of PCI itself. Figure 1 
shows a Kaplan–Meier curve, showing that the difference 
in cardiac mortality between groups steadily increased 
throughout the whole follow-up period (log-rank test P < 
0.05). 

 

Figure 1.  Cardiac mortality after PCI in patients with and 
without CI. Kaplan-Meier curve comparing cardiac mortality after 
PCI between CI and non-CI patients in the 3-year follow-up period. 
CI: cognitive impairment; PCI: percutaneous coronary intervention. 

3.3  Progression of frailty between CI and non-CI pa-
tients after PCI 

We estimated the difference in the progression of frailty 
within one year after PCI between CI and non-CI patients. 
We found a higher prevalence of progressed frailty in the CI 
group compared with the non-CI group: 59% (n = 20 of 34) 
vs. 36% (n = 18 of 50), respectively, with an OR of 2.5 
(95% CI: 1.03–6.21, P < 0.05). Note that, data regarding 
frailty were obtained from only 83% of CI patients and 92% 
of non-CI patients. 

3.4  Independent predictors of cardiac mortality 
throughout the whole follow-up period 

Subsequently, we evaluated whether CI was an inde-
pendent predictor of cardiac prognosis using multivariate 
regression analysis. We selected confounding factors that 
could potentially influence cardiac prognosis (P < 0.1 in the 
univariate analyses). Age, comorbidity with cardiac disease, 
presence of physical disability on admission, presence of 
CHF on admission, and estimated glomerular filtration rate 
were selected as confounding factors, as well as the pres-
ence of CI. In all patients, CI was an independent prognostic 
factor of cardiac mortality within three years after PCI (Ta-
ble 3). 

3.5  Involvement of social circumstances in cardiac 
mortality among patients with CI 

To explore the factors responsible for the poor cardiac 
prognosis of CI patients versus non-CI patients, we exam-
ined patients’ social background, particularly their family 
structure. Family structures of CI patients were divided into 
five patterns: living alone, 2% (n = 1); living with a non-CI 
partner, 24% (n = 10); living with a CI partner, 17% (n = 7); 
living with children, 15% (n = 6); and living with children 
and their family or living at a care facility, 41% (n = 17). 
We found that CI patients living only with a CI partner ex-
hibited higher cardiac mortality rates throughout the whole  

Table 3.  Factors influencing cardiac death in all following 
periods after PCI with multivariate logistic analyses. 

Variables OR (95% CI) P-value

Prevalence of CI 3.8 (1.19–12.32) 0.02 

Age 1.2 (1.19–12.32) 0.04 

eGFR on admission 1.0 (0.97–1.03) 0.86 

Comorbid with cardiac disease 2.3 (0.55–9.48) 0.24 

Physical disability on admission 1.1 (0.30–3.97) 0.88 

Prevalence of CHF on admission 2.9 (0.92–9.35) 0.06 

CHF: congestive heart failure; CI: cognitive impairment; eGFR: esti-

mated glomerular filtration rate; OR: odds ratio; PCI: percutaneous coro-

nary intervention. 
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Table 4.  Factors influencing cardiac death after PCI in all 
following periods in the CI group with multivariate logistic 
analyses. 

Variables OR (95% CI) P-value 

Living with CI partner 30.7 (1.24–763) 0.03 

Age 1.4 (0.98–2.22) 0.06 

BNP on admission 1.0 (0.99–1.00) 0.73 

Comorbid with cardiac disease 9.9 (1.27–77.35) 0.02 

Physical disability on admission 2.0 (0.32–12.81) 0.45 

BNP: brain natriuretic peptide; CI: cognitive impairment; OR: odds ratio; 

PCI: percutaneous coronary intervention. 

 
follow-up period after PCI compared with those living with 
a non-CI partner, living with children and their family, or 
living at a care facility [86% in CI patients living with CI 
partner (n = 6) vs. 29% in patients living with a person who 
could support the CI patient (n = 10), OR = 14.4 (95% CI: 
1.5–135.5, P < 0.05)]. Subsequently, we performed multi-
variate regression analysis with confounding factors, possi-
bly influencing cardiac death. Age, comorbidity with car-
diac disease, physical disability on admission, and BNP on 
admission were selected as confounding factors through 
univariate analyses, revealing that living only with a CI 
partner was an independent prognostic factor for cardiac 
death in CI patients within a 3-year follow-up period after 
PCI (Table 4). 

4  Discussion 

PCI for very elderly patients with IHD has recently been 
proposed as a favorable therapeutic strategy versus optimal 
medical therapy. In this retrospective study, we explored the 
influence of CI on cardiac prognosis after PCI in very eld-
erly patients. 

The results revealed five major findings. Firstly, very 
elderly status among patients with CI was associated with 
poor cardiac prognosis compared with non-CI patients 
within three years after PCI. Moreover, CI was an inde-
pendent cardiac prognostic factor throughout the whole 
3-year follow-up period. Secondly, the difference in cardiac 
mortality between CI and non-CI patients increased over 
time throughout the whole follow-up period. Thirdly, the 
incidence of adverse cardiac events after PCI (i.e., devel-
opment of CHF) was higher in the CI group versus the 
non-CI group. Fourthly, the difference in cardiac function 
between groups, which was indicated by UCG findings and 
BNP values, became larger within one year after PCI. Last 
but not least, CI patients living with a CI partner after PCI 
were exposed to a higher risk of cardiac death. In contrast, 
the prognosis of CI patients living with a large family (i.e., 

children and grandchildren) was equivalent to that in non-CI 
patients. 

Numerous studies have reported that very elderly patients 
undergoing PCI are at risk of developing complications, 
such as major bleeding and cerebral thrombosis.[17,18] More-
over, very elderly patients often have comorbidities (i.e., 
chronic illnesses), and the functionality of their cardiovas-
cular and other systems may be compromised.[19,20] Fur-
thermore, among very elderly patients with IHD, coronary 
artery lesions are often complicated by severe calcification 
and/or multi-vessel disease. Therefore, treating physicians 
are reported to be hesitant regarding performing PCI in very 
elderly patients.[17–20] However, recent improvements in 
medical devices (i.e., drug-eluting stents) and sophistication 
of techniques has facilitated the use of PCI. Importantly, it 
was recently reported that patients with coronary vascular 
disease treated with PCI were less likely to die because of 
heart disease.[21] 

However, in the current study, cardiac mortality after PCI 
among CI patients was found to be higher compared with 
non-CI patients, as shown in Table 1. Regardless of the im-
provements in the therapeutic system, the present results 
indicated that cardiac death among very elderly CI patients 
treated with PCI increased over time. Furthermore, CI was 
an obvious independent cardiac prognostic factor within a 
3-year follow-up period. 

Based on these results, we speculate that poor cardiac 
prognosis after PCI among CI patients may not only be at-
tributed to lesion complexity or the PCI procedure. In the 
past decade, several studies have emphasized the impor-
tance of the relationship between cardiac mortality and 
frailty. In the current study, the results revealed that the 
progression of frailty within one year after PCI was substan-
tially more severe among CI patients compared with non-CI 
patients with an OR of 2.5 (95% CI: 1.03–6.21). In general, 
very elderly patients with CI have a fragile physical condi-
tion, often due to physical disability, insufficient control of 
co-morbid chronic illness or other illness, and social isola-
tion.[22] These factors can result in insufficient management 
of nutrition, and consequent proneness to frailty.[23] The 
causes of frailty are heterogeneous, however, and frailty 
could be an indicator of multisystem disorders such as 
chronic inflammation and immune activation, muscu-
loskeletal system disorders, or endocrine system disor-
ders.[24–29] In addition, frailty can be suggestive of features 
of patient’s living circumstances. These multisystem disor-
ders may also cause the development of cardiovascular dis-
ease. Both frailty and CI have been reported to correlate 
strongly with higher prevalence of coronary artery disease 
and/or valvular heart disease, respectively,[19,21] as found in  
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the current study. This is consistent with the current finding 
that CI patients with a higher risk of developing frailty, were 
exposed to a significantly higher risk of cardiac mortality 
after PCI compared with non-CI patients, and it is conceiv-
able that CI is an independent prognostic factor for cardiac 
mortality. These results suggest that comprehensive care for 
preventing frailty as well as the treatment of conventional 
cardiac risk factors are necessary to reduce cardiac mortality 
among CI patients after PCI. 

In the current study, we focused on patients’ social envi-
ronments, including family structure. An analysis of family 
structure revealed that very elderly patients with CI after 
PCI living only with a CI partner were at a higher risk of 
adverse cardiac events. Importantly, patients with CI living 
with a large family showed lower mortality compared with 
those living with a small family. Given that a CI partner 
may not be able to provide sufficient support for CI patients, 
these findings suggest the importance of taking into account 
the comprehensive daily support provided by family mem-
bers or other individuals as a strong factor influencing the 
cardiac prognosis of CI patients after PCI. Thus, if a CI pa-
tient is thought to have insufficient daily support (i.e., living 
only with a CI partner, restriction due to financial limita-
tions, or lack of knowledge about the disease causing poor 
drug adherence) attention must be paid to providing suffi-
cient social support after PCI. As PCI was found to be a 
favorable strategy for very elderly IHD patients, determin-
ing the appropriateness of PCI for very elderly CI patients 
suspected of having insufficient social support requires fur-
ther investigation. 

For further clarification of influential cardiac prognostic 
factors after PCI for CI patients, a prospective cohort study 
involving larger populations of very elderly patients is war-
ranted. Additionally, future studies should examine the in-
fluence of social background factors other than family 
structure on cardiac prognosis in CI patients after PCI. 

4.1  Limitations 

The current study involved several limitations that should 
be considered. Firstly, this was a retrospective, observa-
tional, single-center study including a small patient popula-
tion. Secondly, regarding the diagnosis of CI, we obtained 
information from the clinical records of MMSE, which is a 
widely used tool for screening global cognition. However, 
the sensitivity and specificity of the MMSE are not suffi-
cient for determining CI. In addition, we did not independ-
ently consider the phenotypes of CI (i.e., Alzheimer’s dis-
ease, dementia with Lewy bodies, and vascular dementia). 
Therefore, it is necessary for future studies to evaluate CI  

using diversified methods. Thirdly, we did not determine 
the prevalence of frailty one year after PCI for all patients, 
because in 2012–2014, frailty was not regarded as an im-
portant factor for cardiac mortality among cardiologists. 
Thus, we did not directly examine the prevalence of frailty 
for very elderly patients on admission and/or in the chronic 
phase. To address this issue, prospective studies are required 
to evaluate the phenotype (i.e., cognitive or physical) and 
severity of frailty. Fourthly, we were unable to acquire data 
regarding the nutritional status of patients using physical 
findings or laboratory data. Patients with CI may exhibit 
insufficient nutrition, resulting in frailty that could lead to 
death.[30,31] Therefore, it will be important for future studies 
to examine the correlation between nutrition and cardiac 
prognosis after PCI. Last but not least, social background, 
including family structure, was evaluated on admission, but 
these factors may change during the follow-up period. Fur-
ther studies will be needed to elucidate the effect of changes 
in social background, including family structure. 

4.2  Conclusions 

The current results suggest that CI is an important car-
diac prognostic factor after PCI among very elderly patients 
and family support is necessary to improve cardiac progno-
sis. Prior to performing PCI, cardiologists should consider 
the social background of very elderly patients with CI, as 
well as conventional measures of the indication of PCI, 
maximizing the likelihood of improving cardiac prognosis 
in very elderly patients with CI. 
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