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Abstract
Purpose  For early prevention, information regarding the incidence of major adverse cardiovascular events (MACEs) in 
middle-aged patients with chronic kidney disease (CKD) may be more beneficial than that regarding MACE prevalence. 
But, literature comparing the incidence and risk of MACEs in middle-aged patients with CKD with the controls using a 
population-based cohort study is scant. Our aim was to estimate the incidence and risk of MACEs, such as congestive heart 
failure (CHF) and ischemic heart disease (IHD), in middle-aged patients with advanced (stages 3–5) CKD.
Methods  From the National Health Insurance Research Database, 261 patients aged 35–65 years who had received advanced 
CKD diagnoses in 2000 and 1305 age-, sex-, and comorbidity-matched controls were recruited. Patients with CHF alone 
(MACE 1), IHD alone (MACE 2), or CHF and IHD (MACE 3) diagnoses between January 1, 2001, and December 31, 2008, 
were identified in the CKD and control groups.
Results  Patients (mean age ± standard deviation, 50.0 ± 8.3 years; female, 56%) exhibited a higher incidence of MACE 1, 
MACE 2, and MACE 3 (11.9 vs. 1.4/1000, 30.7 vs. 13.4/1000, and 13.4 vs. 1.7/1000 person-years, respectively, all p < 0.001) 
and were at a higher risk of experiencing MACEs than the controls (adjusted hazard ratios: MACE 1, MACE 2, and MACE 
3: 8.57, 2.26, and 3.80, respectively, all p < 0.001).
Conclusions  CKD is an independent risk factor for CHF and IHD among patients aged 35–65 years. Early intervention for 
preventing CHF and IHD in middle-aged patients with CKD is crucial.
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Introduction

Chronic kidney disease (CKD) is common worldwide, with 
a prevalence of 10–20% [1]. Patients with CKD often exhibit 
multimorbidity, and CKD has a high mortality rate [2]. CKD 

occurred before the age of 65 years in 39% of patients who 
died of it [3]. Furthermore, major adverse cardiovascular 
events (MACEs), such as congestive heart failure (CHF) and 
ischemic heart disease (IHD), which are the leading causes 
of mortality in the general population [4], are prevalent in 
patients with CKD [5]. Patients with stage 3–5 (advanced) 
CKD exhibited a higher probability of experiencing MACEs 
than those with stage 1–2 CKD [5, 6]. Additionally, the 
MACE-related mortality is > 20-fold higher in patients on 
dialysis aged < 65 years than in the general population of 
the same age [7]. Being an outcome evaluation [8], MACEs 
often include CHF, IHD, fatal arrhythmia, and death [9]. Of 
them, both CHF and IHD are two established cardiovascular 
diseases [10] which have long-term clinical course and are 
preventable [11]. They share similar pathophysiologic mech-
anisms and have close interaction [12]. Therefore, prevent-
ing CHF and IHD in middle-aged patients with advanced 
CKD is crucial for reducing MACE-related mortality [13]. 
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Although most studies have estimated the prevalence of 
MACEs in patients with CKD to assess its burden on these 
[14, 15], for early prevention, information regarding the 
incidence and risk of MACEs in middle-aged patients with 
CKD may be more beneficial than that regarding MACE 
prevalence. However, a long-term follow-up study is neces-
sary to estimate the incidence of a medical condition [16]. 
In addition, when studies are conducted over many years, 
the reliability of the follow-up data often causes concern.

Under the Taiwanese law, National Health Insurance 
(NHI) Act, the NHI program has been implemented in Tai-
wan since 1995. The program is a mandatory comprehen-
sive medical care program, which covers 99% of the popu-
lation of Taiwan. The program’s healthcare providers and 
the insured are regulated by the National Health Insurance 
Administration, Ministry of Health and Welfare. The diag-
nosis of a major illness is often made based on the medical 
associations’ guideline. For example, the Taiwan society of 
cardiology has regularly released guidelines for the diagno-
sis of hypertension [17] and CHF [18]. All health record data 
of more than 22 million participants, including longitudinal 
medical claims, such as diagnoses and medical services, 
for each enrollee in Taiwan, were compiled to construct the 
NHI Research Database (NHIRD). The data of the NHIRD 
are continuously collected by the National Health Insurance 
Administration and are managed and periodically released 
by the government. Since medical claims are submitted for 
payment under the NHI program and are regularly audited 
by the program’s authority, the accuracy of data from the 
NHIRD is acceptable. Cheng et al. demonstrated that the 
NHIRD can offer a valid source of health information related 
to cardiovascular diseases [19]. Using data from the NHIRD, 
more than 2700 peer-reviewed articles have been published 
since 2001 [20]. Since the NHIRD offers comprehensive 
longitudinal medical information regarding Taiwan’s popu-
lation [21], it was used to conduct a population-based cohort 
study for measuring the incidence and risk of MACEs in 
patients with CKD. However, information regarding the 
severity of medical conditions is limited in the NHIRD. 
Patients to whom a disability identification document has 
been issued are exempted from copayment and can be iden-
tified in the NHIRD. Patients with long-term functional 
impairment after an illness can apply for disability evalua-
tion and verification in the Eligibility Determination System 
of Disability in Taiwan [22]. Patients with renal function 
impairment with a creatinine clearance rate of < 60 mL/min 
(stages 3–5) after medical treatment for at least 3 months are 
issued an official identification document for urinary dis-
ability. Thus, patients with advanced (stage 3–5) CKD can 
be identified in the NHIRD.

To our knowledge, literature comparing the incidence 
and risk of MACEs in middle-aged patients with CKD with 
those in age-, sex-, and comorbidity-matched controls using 

a population-based cohort study is scant. This comparison 
may be crucial for establishing a suitable MACE prevention 
policy for middle-aged patients with CKD. In this study, we 
used data from the NHIRD to estimate the incidence and 
risk of CHF and IHD in middle-aged patients with advanced 
CKD.

Methods

For this prospective population-based cohort study, NHIRD 
data between January 1, 2000, and December 31, 2008, were 
analyzed. The NHIRD contains data of 1 million patients 
randomly selected in 2000. The research process included 
two phases (Fig. 1). Phase I identified the study sample 
from January 1, 2000 to December 31, 2000 in the database. 
This phase focused on achieving balance in the covariates 
between the CKD and control patients. Those patients who 
had had a prior history of CHF and IHD were also excluded 
during the baseline period. Phase II identified the second-
ary conditions among the participants from January 1, 2001 
to December 31, 2008. The study analyzed those MACE-
related factors and estimated their contribution to the risk 
of developing CHF and IHD during the follow-up period.

Phase I

We identified patients who had received CKD diagnoses 
in 2000 using the International Classification of Diseases, 
Ninth Revision, Clinical Modification (ICD-9-CM) codes 
582–586. The patients aged 35–65 years with disability 
identification documents were included in the study. The 
ages of the patients were calculated according to the dates 
of their first medical claims in the database. In total, 296,885 
patients aged 35–65 years, including 290 CKD patients and 
296,595 non-CKD patients were identified between January 
1, 2000 and December 31, 2000 in the database.

In addition to CKD, the other most common disability-
related health conditions, based on the Taiwan Data Bank of 
Persons with Disabilities [23], include schizophrenia (ICD-
9-CM code 295), intellectual disabilities (317–319), autism 
(299.0), intractable epilepsy (345), hearing impairment 
(389), retinal disorder (362), glaucoma (365), cataract (366), 
visual impairment (369), optic neuropathy (377), cleft palate 
and cleft lip (749), organic sleep apnea (780.5 and 327.2), 
cardiac dysrhythmias (426–427), congenital heart disease 
(745–746), cerebral vascular accident (431–438), cerebral 
palsy (343), poliomyelitis (045 and 138), scar conditions and 
fibrosis of skin (709.2), and burn injury (941–949). Those 
health conditions may be also at risk of MACE. Patients 
with these conditions, alone or in combination with CKD, 
were hence identified between January 1, 2000, and Decem-
ber 31, 2000 and excluded from the study.
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For each patient with CKD, 5 age-, sex-, and comorbid-
ity-matched patients were recruited as controls. Each con-
trol patient was no more than 1 year older or younger than 
the matched patient with CKD. MACEs and CKD often 
coexist and have similar risk factors such as hypertension 
(ICD-9-CM codes 401–405), diabetes mellitus (250), and 
hyperlipidemia (272.0–272.4) [24]. Therefore, comorbid-
ity matching was based on these illnesses. The controls 
did not have any documented disabilities. Due to dealing 
with a small number of covariates [25] and a more than 1:1 
matching ratio [26], the study searched electronically and 
selected randomly the age-, sex-, hypertension-, diabetes-, 

and hyperlipidemia-matched controls from the 296,595 non-
CKD patients, rather than using a propensity-score tech-
nique. The study monitored the outcome variables of CHF 
(ICD-9-CM code 428) and IHD (ICD-9-CM codes 410–414) 
for 1 year before enrolling our participants. The patients 
with diagnostic claims for CHF and IHD in the records of 
ambulatory or inpatient care before January 1, 2001 were 
considered to have a prior history of these illnesses and were 
excluded from this study.

To improve the identification accuracy of an illness, 
patients were only included if they had received one cor-
responding diagnosis during inpatient care, at least three 

Fig. 1   Flowchart and outcome 
classifications of the study. 
Phase I: recruitment of patients 
with chronic kidney disease 
(CKD) and the controls in 
2000. Phase II: identification of 
patients experiencing conges-
tive heart failure (CHF) and 
ischemic heart disease (IHD) 
during the follow-up period 
(2001–2008)
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corresponding diagnoses during ambulatory visits with at 
least one of which being the primary diagnosis, or both. The 
identification criteria may be rigorous. For the identifica-
tion of CKD and the matching comorbidities, patients were 
included if they met these criteria between January 1, 2000, 
and December 31, 2000. For CHF and IHD, patients were 
included if they had met the aforementioned criteria between 
January 1, 2001, and December 31, 2008.

Phase II

Figure 1 presents the flowchart and outcome classifications 
of the study. Patients with diagnostic claims for CHF alone, 
IHD alone, or both in the CKD and control groups during 
the follow-up period were identified. Thus, this study identi-
fied four mutually exclusive outcome classifications, namely 
CHF alone (MACE 1), IHD alone (MACE 2), both CHF 
and IHD (MACE 3), and neither CHF nor IHD (MACE 
4). The study counted only the first MACEs. For patients 
with CHF alone or IHD alone, the end date of the study 
coincided with the date of the first record of CHF or IHD 
in the database (Fig. 1). Among patients experiencing both 
CHF and IHD, the CHF records of some patients were dated 
before their IHD records, while the CHF records of the other 
patients were dated after their IHD records. The end date 
coincided with the first record date of the condition that 
was identified later. For patients without CHF or IHD dur-
ing the study period, in both groups, the end date of the 
study was December 31, 2008. Considering that a MACE 
may also be associated with other medical conditions, we 
calculated the frequencies of comorbidities in the CKD and 
control groups during the follow-up period. The comorbidi-
ties with significantly higher frequencies in the patients with 
MACEs than in those without MACEs, and those with sig-
nificantly higher frequencies in the CKD group than in the 
control group between January 1, 2001, and December 31, 
2008 were considered MACE-related factors. The study was 
approved by the Joint Institutional Review Boards of Taipei 
Medical University.

Statistical analysis

The differences in the clinical characteristics and incidence 
of each MACE outcome classification between the CKD 
and control groups were compared using the Pearson Chi 
squared test or Poisson regression test. Since the results 
were not normally distributed (Kolmogorov–Smirnov test, 
p < 0.05), patients’ ages at the beginning and at the end-
point of the study were analyzed using the Mann–Whitney 
U test. Cox proportional hazards regression analyses with a 
forward stepwise method were used to assess the risk fac-
tors for each MACE outcome. Variables entered into the 

analyses included CKD, sex, age, and MACE-related fac-
tors. In addition to hypertension, diabetes mellitus, and 
hyperlipidemia, the MACE-related factors included cardiac 
dysrhythmias, chronic bronchitis, and cataract. Patients with 
those MACE-related factors were included if they had met 
the aforementioned identification criteria between January 
1, 2001, and December 31, 2008. Those variables found to 
be significantly associated in the univariate analyses were 
entered into the multivariate analyses. Before performing the 
multivariate analyses, independent variables were checked 
for multicollinearity using phi coefficient (φ) or univariate 
logistic model. The interactions of any two significant vari-
ables were also entered for analyses in different regression 
models. The study used − 2 log likelihood value for assess-
ing the goodness-of-fit of each model. Kaplan–Meier curves 
were used to estimate the cumulative MACE-free probability 
of the CKD and control groups during the study. These two 
curves for each MACE outcome classification were com-
pared using the log-rank test. The data were analyzed using 
the SAS software (version 9.1, SAS Institute Inc, Cary, NC, 
USA). The differences between the two groups were consid-
ered significant if the corresponding p values were < 0.05. 
After applying the Bonferroni correction, the variables 
entered into Cox proportional hazards models were consid-
ered significant if the corresponding p values were < 0.005.

Results

In this study, 261 patients (mean age ± standard deviation, 
50.0 ± 8.3 years; female, 56%) who had received CKD diag-
noses between January 1, 2000, and December 31, 2000, 
as well as 1305 control patients were identified from the 
NHIRD. The distributions of age and sex, and the frequen-
cies of the matching comorbidities were similar between the 
CKD and control groups (Table 1). In the CKD group, 22, 
53, and 25 patients (incidence: 11.9/1000, 30.7/1000, and 
13.4/1000 person-years, respectively) exhibited MACE 1, 
MACE 2, and MACE 3, respectively, during the 8-year study 
period (Table 2). The incidence of MACEs (1–3) was sig-
nificantly higher in all patients with CKD group than in the 
control group. In the CKD and control groups, the incidence 
of MACEs 1–3 did not differ significantly between sexes. In 
the CKD group, the occurrence of MACE-related factors 
in patients with and without MACEs was similar (Table 3). 
Patients with CKD exhibited a lower cumulative MACE-free 
(1–3) probability than the controls (Fig. 2).

Using the phi coefficient, diabetes mellitus was corre-
lated to hypertension (φ = 0.18, p < 0.001), hyperlipidemia 
(φ = 0.05, p = 0.04), and cataract (φ = 0.10, p < 0.001); sex 
was correlated to hyperlipidemia (φ = − 0.13, p < 0.001), 
diabetes mellitus (φ = 0.08, p = 0.002), and cardiac dys-
rhythmias (φ = 0.05, p = 0.04); and cataract was correlated 



1223International Urology and Nephrology (2019) 51:1219–1227	

1 3

Table 1   Clinical characteristics of patients with CKD and controls

Data of categorical variables are expressed as numbers and percentages, and those of age and study duration as mean ± standard deviations
CKD chronic kidney disease

Group Patients with CKD Controls

Female (n = 148) Male (n = 113) Total (n = 261) Female (n = 740) Male (n = 565) Total (n = 1305)

Age, year 50.4 ± 8.3 49.5 ± 8.2 50.0 ± 8.3 50.4 ± 8.3 49.5 ± 8.2 50.0 ± 8.2
Study duration, years/person 7.2 ± 1.6 7.1 ± 1.8 7.1 ± 1.7 7.6 ± 1.2 7.5 ± 1.2 7.6 ± 1.2
Diabetes mellitus 18 (12.2%) 20 (17.7%) 38 (14.6%) 90 (12.2%) 100 (17.7%) 190 (14.6%)
Hypertension 51 (34.5%) 40 (35.4%) 91 (34.9%) 255 (34.5%) 200 (35.4%) 455 (34.9%)
Hyperlipidemia 15 (10.1%) 4 (3.5%) 19 (7.3%) 75 (10.1%) 20 (3.5%) 95 (7.3%)

Table 2   Incidence (per 1000 
person-years) of MACEs in the 
patients with CKD and controls

MACE major adverse cardiovascular event, CKD chronic kidney disease
* p < 0.05, † p < 0.005, ‡ p < 0.001 (Poisson regression test, compared with the control group)
a Mean ± standard deviation of age at the first record of the MACE outcome classification
b MACE 1, congestive heart failure only; MACE 2, ischemic heart disease only; and MACE 3, congestive 
heart failure and ischemic heart disease during the study period

MACE out-
come classifi-
cation

Patients with CKD Controls Incidence 
rate ratio

N (%) Incidence Agea, year N (%) Incidence Age, year

MACE 1b

 Female 15 (10.1%) 14.3‡ 57.6 ± 7.7 8 (1.1%) 1.4 62.5 ± 5.6 10.2
 Male 7 (6.2%) 8.7† 49.5 ± 8.5 6 (1.1%) 1.4 61.7 ± 7.1 6.2
 Total 22 (8.4%) 11.9‡ 55.0 ± 8.7 14 (1.1%) 1.4 62.1 ± 6 8.5

MACE 2
 Female 27 (18.2%) 27.4‡ 53.7 ± 8.9 66 (8.9%) 12.3 57.1 ± 8.7 2.2
 Male 26 (23.0%) 34.9‡ 54.9 ± 7.4 59 (10.4%) 14.8 57.9 ± 8.2 2.4
 Total 53 (20.3%) 30.7‡ 54.3 ± 8.2* 125 (9.6%) 13.4 57.5 ± 8.4 2.3

MACE 3
 Female 15 (10.1%) 14.1‡ 54.9 ± 9.9 11 (1.5%) 2.0 58.2 ± 7.3 7.1
 Male 10 (8.9%) 12.5‡ 59.6 ± 7.2 6 (1.1%) 1.4 57.7 ± 7.2 8.9
 Total 25 (9.6%) 13.4‡ 56.8 ± 9.1 17 (1.3%) 1.7 58.1 ± 7.0 7.9

Table 3   Comparisons of comorbidities between patients with and without MACEs in the CKD and control groups

Values are represented as number (%)
MACE major adverse cardiovascular event, CKD chronic kidney disease
a Comparisons between patients with and without MACEs in each group (Pearson’s Chi squared test or Fisher’s exact test)
b Comparisons between the CKD and control groups (McNemar test)

Variable, units CKD group Control group Intergroup 
comparisonb

MACE Yes (n = 100) No (n = 161) Intragroup 
comparisona

Yes (n = 156) No (n = 1149) Intragroup 
comparisona

Diabetes mellitus 21 (21) 22 (13.7) 0.12 48 (30.8) 166 (14.5) < 0.0001 –
Hypertension 36 (36) 41 (25.5) 0.07 71 (45.5) 307 (26.7) < 0.0001 –
Hyperlipidemia 11 (11) 18 (11.2) 0.96 30 (19.2) 149 (13) 0.03 –
Cardiac dysrhythmias 4 (4) 10 (6.2) 0.44 10 (6.4) 16 (1.4) 0.0004 0.0001
Chronic bronchitis 11 (11) 14 (8.7) 0.54 15 (9.6) 38 (3.3) 0.0002 0.02
Cataract 20 (20) 9 (5.6) 0.0003 5 (3.2) 12 (1) 0.04 < 0.0001
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to hypertension (φ = 0.06, p = 0.02) and chronic bronchitis 
(φ = 0.16, p < 0.001). Using univariate logistic model, age 
was correlated to diabetes mellitus (odds ratio (OR) = 1.05, 
p < 0.001), hypertension (OR = 1.03, p < 0.001), hyperlipi-
demia (OR = 1.04, p = 0.004), sex (OR = 0.99, p = 0.03), 
cataract (OR = 1.22, p = 0.002), and chronic bronchitis 
(OR = 1.15, p = 0.001). Table 4 presents the univariate and 
multivariate analyses of the potential risk factors for MACEs 
1–3. After adjustment for the significant variables identi-
fied in the univariate analyses, CKD, age, and coexisting 
hypertension were significant risk factors for IHD (MACEs 

2 and 3); CKD and coexisting diabetes mellitus were signifi-
cant factors for MACE 1; and CKD and coexisting hyper-
lipidemia were significant factors for MACE 2. The risk 
of MACEs during the 8-year study was higher in patients 
with CKD than for controls, thus yielding adjusted hazard 
ratios (95% confidence interval) of 8.57 (4.38–16.77), 2.26 
(1.64–3.11), and 3.80 (2.96–4.89) for MACE 1, MACE 2, 
and MACE 3, respectively (all p < 0.001).

Discussion

In this study, the incidence and additional risk of MACEs in 
patients with advanced CKD was estimated. Compared with 
the age-, sex-, and comorbidity-matched controls, middle-
aged patients with CKD stage 3–5 exhibited a higher inci-
dence of MACEs 1–3 (Table 2), an adjusted hazard ratio 
(of MACEs 1–3) of > 2 (Table 4), and a lower estimated 
cumulative MACE-free (1–3) probability throughout the 
study period (Fig. 2).

MACEs and their risk factors such as hypertension, dia-
betes mellitus, and hyperlipidemia are prevalent in patients 
with CKD [2]. The interactions among MACEs, CKD, 
and the concordant comorbidities are complex; hence, the 
contribution of CKD itself to the risk of MACEs remains 
unclear. To minimize the possible effects confounding fac-
tors between CKD and age, CKD and sex, and CKD and 
concordant comorbidities on the risk of MACEs, age as well 
as the distribution of sex, hypertension, diabetes mellitus, 
and hyperlipidemia were equalized between patients with 
CKD and their matched controls. Similarly, to account for 
the effect of sex on MACEs [11], the incidence of MACEs 
in female and male patients was separately analyzed. In the 
CKD group, the frequencies of MACE-related factors in 
patients with and without MACE were similar (Table 3). 
Considering all these variables, this study demonstrated that 
middle-aged patients with advanced CKD were at a higher 
risk of experiencing MACEs than the controls.

Focusing on early prevention of MACEs among middle-
aged patients with CKD, the study estimated the incidence 
and risk of CHF and IHD which represents two established 
cardiovascular diseases [10] and are preventable [11]. 
Among adults with a mean age of 74.4 years, Americans 
with CKD stage 3–4 have a CHF incidence of 23/1000 
person-years and an IHD incidence of 12/1000 person-
years [27]. Compared with those findings, our participants 
experienced a similar CHF (MACEs 1 and 3, Table 2) inci-
dence and a higher IHD (MACEs 2 and 3) incidence partly 
because our participants included CKD stage 5 and belonged 
to different races. In a cohort study on patients with CKD, 
Rahman et al. found that CHF can worsen patients’ kidney 
function and cause progression to end-stage renal disease 
[28]. Our study revealed that middle-aged patients with 

Fig. 2   Kaplan–Meier plots for cumulative major adverse cardiovas-
cular event (MACE)-free probability with age for a congestive heart 
failure alone (MACE 1), b ischemic heart disease alone (MACE 2), 
and c congestive heart failure and ischemic heart disease (MACE 
3) among patients with chronic kidney disease (CKD, solid line, 
n = 261) and controls (dashed line, n = 1305). a The estimated cumu-
lative MACE 1-free probability (± standard error) of patients with 
CKD at the end of the study (0.914 ± 0.017) was significantly lower 
than that of the controls (0.989 ± 0.003) (log-rank test, p < 0.001). b 
The estimated cumulative MACE 2-free probability of patients with 
CKD at the end of the study (0.788 ± 0.026) was significantly lower 
than that of the controls (0.901 ± 0.008) (p < 0.001). c The estimated 
cumulative MACE 3-free probability of patients with CKD at the end 
of the study (0.900 ± 0.019) was significantly lower than that of the 
controls (0.987 ± 0.003) (p < 0.001)
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CKD had a sevenfold higher CHF risk than the controls 
(Table 4). Thus, a vicious cycle of CKD and CHF develops. 
Djousse et al. demonstrated that healthy lifestyle habits, such 
as the performance of regular exercise, maintenance of an 
ideal body weight, abstinence from smoking, and moderate 

consumption of alcohol, as well as healthy dietary habits 
such as the sufficient intake of fruits, vegetables, and cereals, 
are associated with a lower CHF risk among healthy men 
[29]. The promotion of healthy lifestyle and dietary habits is 
necessary for patients with CKD to break the vicious cycle 

Table 4   Cox proportional hazards regression analyses of potential risk factors for MACEs in patients aged 35–65 years (n = 1566)

MACE major adverse cardiovascular event, CKD chronic kidney disease
a After applying the Bonferroni correction, those variables found to be significantly associated in the univariate analyses (p < 0.005) were entered 
into the multivariate analyses with a forward stepwise method. Only significant variables were shown in the multivariate models
b The study used − 2 log likelihood value for goodness-of-fit statistics
c MACE 1, congestive heart failure alone; MACE 2, ischemic heart disease alone; and MACE 3, congestive heart failure and ischemic heart dis-
ease during the study period
d CKD group, patients with stages 3–5 chronic kidney disease; control group, age-, sex-, and comorbidity-matched patients without any docu-
mented disability (comorbidities: hypertension, diabetes mellitus, and hyperlipidemia)

Dependent variables Univariate analyses Multivariate analysesa Goodness-
of-fit 
statisticsbIndependent variables, unit Hazard ratio (95% confi-

dence intervals)
p value Adjusted hazard ratio (95% 

confidence intervals)
p value

MACE 1c 475.0
 CKD group, yesd 8.28 (4.24–16.19) < 0.001 8.57 (4.38–16.77) < 0.001
 Age, year 1.01 (1.01–1.1) 0.01 – –
 Diabetes mellitus, yes 3.79 (1.94–7.40) < 0.001 4.03 (2.06–7.88) < 0.001
 Hypertension, yes 2.05 (1.01–3.95) 0.03 – –
 Sex, male 0.74 (0.38–1.47) 0.40 – –
 Cardiac dysrhythmias, yes 0 1.00 – –
 Chronic bronchitis, yes 2.91 (0.40–21.24) 0.30 – –
 Hyperlipidemia, yes 1.12 (0.34–3.66) 0.85 – –
 Cataract, yes 17.79 (5.45–58.06) < 0.001 – –

MACE 2 2515.1
 CKD group, yesd 2.26 (1.64–3.12) < 0.001 2.26 (1.64–3.11) < 0.001
 Age, year 1.04 (1.02–1.06) < 0.001 1.07 (1.04–1.10) < 0.001
 Diabetes mellitus, yes 1.68 (1.18–2.40) 0.004 – –
 Hypertension, yes 1.90 (1.42–2.55) < 0.001 30.92 (4.33–221.01) < 0.001
 Hyperlipidemia, yes 1.72 (1.10–2.71) 0.02 3.03 (1.70–5.38) < 0.001
 Sex, male 1.22 (0.91–1.63) 0.19 – –
 Cardiac dysrhythmias, yes 2.10 (0.52–8.47) 0.30 – –
 Chronic bronchitis, yes 1.16 (0.29–4.68) 0.83 – –
 Cataract, yes 1.90 (0.47–7.64) 0.37 – –
 Age × hypertension 0.95 (0.91–0.99) 0.006
 Hyperlipidemia × hypertension 0.29 (0.11–0.77) 0.013

MACE 3 3556.4
 CKD group, yesd 3.77 (2.93–4.85) < 0.0001 3.80 (2.96–4.89) < 0.001
 Age, year 1.04 (1.03–1.06) < 0.001 1.06 (1.03–1.08) < 0.001
 Diabetes mellitus, yes 2.06 (1.55–2.73) < 0.0001 – –
 Hypertension, yes 1.96 (1.54–2.51) < 0.0001 10.87 (2.19–54.00) 0.003
 Sex, male 1.07 (0.83–1.37) 0.60 – –
 Cataract, yes 7.41 (3.66–14.99) < 0.001 – –
 Cardiac dysrhythmias, yes 1.43 (0.36–5.74) 0.61 – –
 Chronic bronchitis, yes 1.20 (0.39–3.76) 0.75 – –
 Hyperlipidemia, yes 1.45 (0.97–2.17) 0.07 – –
 Age × hypertension 0.97 (0.94–1.00) 0.03
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and prevent a secondary condition of CHF. Bae et al. found 
that patients with advance CKD often experience non-ST 
elevation myocardial infarction [30]. In addition to changes 
in healthy lifestyle and dietary habits and managements of 
body weight and risk factors [31], the IHD prevention pro-
gram for advance CKD patients should achieve a balance 
between myocardial oxygen supply and demand. Thus, mid-
dle-aged patients with CKD undoubtedly require integrated 
care provided by multidisciplinary teams of physicians, 
physiotherapists, dietitians, and nurses. For the early detec-
tion and prevention of left ventricular systolic dysfunction, 
a precursor of CHF, assessments using an electrocardio-
gram and echocardiogram may be required, particularly for 
asymptomatic patients with CKD who are at a risk of CHF 
[32, 33]. Drug therapy involving statins, low-dose aspirin, 
and antihypertensives can also reduce the risk of CHF and 
IHD [34]. However, patients with CKD should be cautious 
of using aspirin because they are also at risk of peptic ulcer 
disease [35]. Further work to measure the incidence and 
risk of other MACEs, such as cardiac dysrhythmias may 
be needed.

The study had several strengths, such as its population-
based 8-year cohort design; the use of age-, sex-, and comor-
bidity-matched patients and controls to clarify the contribu-
tion of CKD to MACEs; the use of a reliable database that is 
audited and regulated by a national authority; and its focus 
on middle-aged patients for whom early prevention of sec-
ondary conditions is possible.

Limitations

The study had three major limitations. First, information 
regarding patients’ clinical manifestations, blood pressure, 
severity of renal impairment, body weight, lifestyle status, 
smoking, drinking, and dietary habits could not be obtained 
from the secondary data analysis of NHIRD. But, the clini-
cal practice guidelines to help physicians diagnose hyper-
tension and CHF are regularly announced by the Taiwan 
society of cardiology [17, 18]. Those health record data are 
also regularly audited and regulated by the NHI program’s 
authority [19]. And, the study used rigorous criteria to iden-
tify an illness, including hypertension and CHF. Taking all 
these factors into consideration, the identification accuracy 
of hypertension and CHF may be acceptable in the study. 
Contrariwise, because of the rigorous criteria, patients with 
newly developed CHF or IHD may not have been identified 
if the third record of the corresponding diagnoses during 
their ambulatory visits occurred after December 31, 2008. 
Second, because information about traveling history and 
mortality was lacking in the database, the study may exhibit 
a loss-to-follow-up bias if patients traveled abroad or died 
during the follow-up period. Thus, the incidence of MACEs 
could have been underestimated in the study. And third, the 

multivariate models did not have a good fit. Further work to 
analyze other clinical and sociodemographic information, 
such as body weight, lifestyle status, smoking, and dietary 
habits is needed.

Conclusions

The study offers crucial information regarding the inci-
dence and added risks of MACEs in middle-aged patients 
with advanced CKD. CKD is an independent risk factor for 
MACEs. Early intervention is crucial for preventing second-
ary MACEs in patients with CKD. Studies on additional 
resource utilization by patients with CKD and the mortality 
rates of these patients who have experienced MACEs are 
recommended.
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