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Abstract
Background: Little is known over the effect of co-existence of diabetes mellitus (DM) and pre-existing
cardiovascular disease (CVD), DM, and pre-existing CVD on mortality among continuous ambulatory
peritoneal dialysis (CAPD) patients.

Methods: A retrospective study, with 2939 incident Chinese CAPD patients from �ve facilities between
January 1, 2005 and December 31, 2018, was conducted. The primary and secondary outcomes were all-
cause and CVD mortality. The association between these interesting comorbidities and mortality was
evaluated using the Cox proportional hazards regression.

Results: Over a median of 35.1 months of follow-up, 519 (17.7%) patients died, with 258 (8.8%) CVD
mortality. Hypertension was independently associated with co-existence of DM and pre-existing CVD using
multinomial logistic regression (odd ratio 13.72, 95% CI 6.14 to 30.63). After adjusting for confounding
factors, DM plus CVD, DM, and pre-existing CVD groups had a higher risk of all-cause mortality (HR 2.85,
95% CI 2.18 to 3.72; HR 1.89, 95% CI 1.50 to 2.38; and HR 1.43, 95% CI 1.07 to 1.92) and CVD mortality (HR
2.79, 95% CI 1.91 to 4.08; HR 1.88, 95% CI 1.35 to 2.61; and HR 1.82, 95% CI 1.23 to 2.68), respectively,
compared to the control group. Compared with those pre-existing CVD patients, DM patients had 1.44
(95%CI 1.04 to 1.98)-time and 1.11 (95%CI 0.72 to 1.71) risk of all-cause and CVD mortality, respectively.
There was no signi�cant interaction between DM and CVD on all-cause and CVD mortality (β=0.203,
P=0.292; β=0.281, P=0.123) in the study population.

Conclusions: CAPD patients with co-existence of DM and pre-existing CVD at baseline are at highest risk of
all-cause and CVD mortality, followed sequentially by DM patients and pre-existing CVD patients, with
hypertension as a powerful predictor for co-existence of DM and pre-existing CVD. DM patients have a
higher risk of all-cause mortality and similar risk of CVD mortality compared with pre-existing CVD patients.

Introduction
Although renal replacement treatment has been signi�cantly improved over past decades, the overall
prognosis of dialysis patients remains poor, with 40% of cardiovascular disease (CVD) deaths in this
population [1]. Dialysis patients have 10 to 30 times of CVD mortality than the general population [2]. Thus,
managing CVD risk is an important part of caring for dialysis patients. Many CVD risk factors (such as
diabetes mellitus [DM], hypertension, pre-existing CVD, dyslipidemia, and obesity) have been found to be
more common among dialysis individuals than in the general population. DM and pre-existing CVD are
independently associated with mortality of the dialysis population [3-6]. A recent meta analysis with 23
studies assessing 86,915 dialysis patients showed that compared with non-DM dialysis, DM dialysis
patients have 2.00-time all-cause mortality and 2.11-time CVD mortality, and those with pre-existing CVD
have 1.41-time all-cause mortality and 2.53-time CVD mortality compared with those without pre-existing
CVD [7]. Furthermore, the co-existence of DM and pre-existing CVD has a poor prognosis in the general and
dialysis population [8, 9]. However, the risk factors for the co-existence of DM and pre-existing CVD, and the
association co-existence of DM and pre-existing CVD, DM, and pre-existing CVD and mortality remained
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unknown. In the present study, we aimed to evaluate the effect of co-existence of DM and pre-existing CVD,
DM, and pre-existing CVD on mortality at the start of dialysis and mortality among patients on continuous
ambulatory peritoneal dialysis (CAPD).

Materials And Methods
Study Design and Population

A retrospective cohort study, with 3073 incident CAPD patients from �ve peritoneal dialysis centers of three
provinces in China, between January 1, 2005, and December 31, 2018, was conducted. To increase the
generalizability of CAPD population, we only excluded those with age <18 years or less than 3-month period
of follow up. The study was approved by the Human Ethics Committee of each research facility, consistent
with the ethical principles of the Declaration of Helsinki.

Data Collection and De�nitions

Data at the start of CAPD were abstracted from medical records by two trained investigators in each facility
using uniform and standardized data collection tools. Data included: demographic characteristics (age, sex,
body mass index, systolic blood pressure [BP], diastolic BP, 24-hour urine volume, current smoking, and
current alcohol consumption); comorbidities (diabetes mellitus [DM], pre-existing CVD, hypertension,
hyperlipidemia); medications (calcium channel blockers, beta blockers, angiotensin II receptor
blockers/angiotensin-converting enzyme inhibitors [ACEI/ARBs], diuretics, statins, and aspirin); and
laboratory parameters (hemoglobin, serum albumin, serum uric acid, estimated glomerular �ltration rate
[eGFR], cholesterol, triglyceride, high density lipoprotein, low density lipoprotein, high-sensitivity C-reactive
protein [hs-CRP]).

The diagnosis of DM was de�ned as (1) HbA1c ≥ 6.5%, (2) fasting plasma glucose≥ 126 mg/dL, (3) 2-h
plasma glucose ≥ 200 mg/dL during an OGTT, or (4) in a patient with classic symptoms of hyperglycemia
or hyperglycemic crisis, a random plasma glucose ≥ 200 mg/dL. In the absence of unequivocal
hyperglycemia, criteria 1 to 3 should be con�rmed by repeat testing. [10]. The presence of CVD were de�ned
as coronary heart disease, congestive heart failure, arrhythmias, cerebrovascular disease, or peripheral
vascular disease [11]. The diagnosis of hypertension from 2016 Guidelines for the Management of Renal
Hypertension in China was de�ned as systolic blood pressure >140 mmHg or diastolic blood pressure > 90
mmHg, or the use of antihypertensive medications [12]. Hyperlipidemia form 2016 Chinese Guideline for the
Management of Dyslipidemia in Adults was de�ned as serum cholesterol levels ≥240 mg/dL, triglycerides
levels ≥200 mg/dL, low density lipoprotein levels ≥160 mg/dL, or when the patients were receiving lipid-
lowering drugs [13]. Current smoking was de�ned as at least one cigarette a day, and current alcohol
consumption de�ned as > 20 grams of ethanol a day [14]. eGFR was calculated using the Chronic Kidney
Disease Epidemiology Collaboration equation [15].

Outcomes and Follow-Up
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The primary and secondary outcomes were all-cause and CVD mortality, respectively. If the patients died in
hospital, the exact death cause was identi�ed by death certi�cates, and if the patients died outside a
hospital, experts would meet a consensus on the death cause, based on the integration of recent health
conditions provided by family members, and the medical history and descriptions from each dialysis
facility. Patients who died within three months from transferring to hemodialysis to death were considered
to be a CAPD failure, and not to be censored.

All patients were followed up until CAPD cessation, death, the end of 8-year duration, or June 30, 2019.
Transferring to hemodialysis with survival time ≥ three months, renal transplantation, transferring to other
centers, loss of follow-up, still survival with a follow-up period of 8 years, or at the end of June 2019 were
considered to be censored. All patients were conducted CAPD regimens prescribed by dialysis professionals
in accordance with International Standardized Peritoneal Dialysis Guidelines [16], as well as patient’s health
conditions.

Statistical Analysis

Variables with missing data before the data analysis were imputed using the missForest method, tackling
different types of variables [17]. Incidence was calculated as number of events divided by total valid
observational time at risk, scaled to episodes per 1000 years. Data were presented as mean±standard
deviation or median (interquartile range, IQR) or number (%). All patients were divided into four groups:
control group (patients without DM and pre-existing CVD), CVD group (patients with only pre-existing CVD),
DM (patients with only DM) group, and DM plus CVD group (patients with co-existence of DM and pre-
existing CVD). Baseline variables were compared by the One-Way ANOVA or Kruskal-Wallis tests according
to variable distribution (normality tested with Shapiro-Wilk test) for quantitative variables, and the chi-
square test when appropriate for categorical variables. Multinomial logistic regression was conducted to
estimate adjusted odds ratios for co-existence of HD and pre-existing CVD, DM, and pre-existing CVD
groups versus the control group. The following factors were included in multinomial logistic regression,
based on �ndings of previous studies and clinical knowledge [4, 6, 7]: age, sex, body mass index, systolic
BP, diastolic BP, current smoking, current alcohol consumption, 24-hour urine volume, hypertension,
hyperlipidemia, hemoglobin, serum albumin, serum uric acid, eGFR, cholesterol, triglyceride, high density
lipoprotein, low density lipoprotein, and hs-CRP.

We used Kaplan-Meier curves to investigate the difference of cumulative mortality among four groups over
the observational period. To analyze the association between the interesting comorbidities and mortality,
we constructed four Cox proportional hazards regression models adjusted for the following factors: Model
1, unadjusted; model 2, model 1 plus age, sex, body mass index, systolic BP, diastolic BP, current smoking,
current alcohol consumption, 24-hour urine volume, hypertension, and hyperlipidemia; model 3, model 2
plus medications; model 4, model 3 plus hemoglobin, serum albumin, serum uric acid, eGFR, cholesterol,
triglyceride, high density lipoprotein, low density lipoprotein, and hs-CRP. In addition, the association
between comorbidities and mortality were also analyzed among subgroups of men, women, hypertension,
non-hypertension, hyperlipidemia, and non-hyperlipidemia. When using patients with pre-existing CVD as a
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reference, we evaluated the risk of mortality in those DM patients. The interaction between DM and pre-
existing CVD on all-cause and CVD mortality was examined by conducting a formal test of interaction.

Sensitivity Analysis

First, for all-cause mortality, hemodialysis or renal transplants were considered competing risks. When
using hemodialysis or renal transplants as competing risks, we evaluated these interesting comorbidities
and all-cause mortality using four the Fine and Gray competing risk models. Similarly, for CVD mortality,
non-CVD mortality, hemodialysis or renal transplants were considered competing risks. Second, for patients
with a short-term period of follow-up, the interesting outcomes may not be completely observed, under-
reporting of the incidence of mortality. For fully observing outcomes, we further analyzed the effect of
comorbidities at the start of dialysis on mortality in those patients with ≥ 24-month period of follow-up.

The results of the Cox proportional hazards and the Fine and Gray models were presented as the hazard
ratio (HR) and the 95% con�dence interval (CI). Statistical analyses were conducted by GraphPad Software
8.0 (GraphPad Prism Software Inc., San Diego, California) and the R package 3.6.0 (https://www.r-
project.org/). The level of signi�cance was set as 0.05 for all analyses.

Results
Baseline Characteristics and Comorbidities

Figure 1 showed the number of participants enrolled and those excluded. The number of potential
participants was 3073, with 42 excluded due to age less than 18 years, and 92 excluded because of less
than 3-month dialysis duration. Ultimately, the remaining 2939 patients were eligible for the present
analysis.

All variables with less than 5% missing data were imputed before the data analysis, and there was no
missing data for outcomes. Of 2939 with a median age of 50.0 (IQR 39.0-61.0), 1697 (57.7%) were men,
549 (18.7%) had DM, 410 (14.0%) had pre-existing CVD, and 1915 (65.2%) had hypertension. All patients
were divided into four group: DM plus CVD group (n=177, 6.0%), DM group (n=372, 12.7%), CVD group
(n=233, 7.9%), and the control group (n=2157, 73.4%, Table 1). Compared to the control group, DM plus CVD
group tended to be elderly, with higher body mass index, systolic BP, hemoglobin, cholesterol, and
triglyceride, but lower diastolic BP, serum uric acid, as well as more likely to be hypertension, hyperlipidemia,
taking calcium channel blockers, beta blockers, diuretics, ACEI/ARBs, aspirin, and statins. Additionally, DM
patients were likely to be higher percentiles of men and hypertension, higher levels of body mass index and
eGFR, and lower levels of diastolic BP and low density lipoprotein, compared with those with pre-existing
CVD.

Variables at Baseline and Co-existence of DM and Pre-existing CVD, DM, and Pre-existing CVD.

We analyzed the factors associated with co-existence of DM and pre-existing CVD, DM, and pre-existing
CVD versus the control group at baseline using the multinomial logistic regression (Table 2). When
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adjusting for confounding factors, we found that elderly age, men, hypertension, hyperlipidemia, and lower
levels of serum uric acid were associated with high risk of co-existence of DM and pre-existing CVD, DM,
and pre-existing CVD versus the control group. Of note, hypertension was powerfully associated with 13.72
(6.14 to 30.63)-time risk of co-existence of DM and pre-existing CVD versus the control group. In addition,
higher levels of body mass index, systolic BP, hemoglobin, and cholesterol, but lower levels of diastolic BP
were associated with higher risk of co-existence of DM and pre-existing CVD.

Observational Period and Mortality

The median observational period was 35.1 (IQR 17.9-61.7) months. During this period, 519 (17.7%, 95% CI
16.4% to 19.1%) of 2939 patients died, including 258 (43.4%, 95% CI 39.0% to 47.6%) CVD deaths, 54
(10.4%, 95%CI 6.1% to 15.3%) infection deaths, 9 (1.7%, 95%CI 0.7% to 2.9%) gastrointestinal bleeding
deaths, 19 (3.1%, 95%CI 1.6% to 4.8%) tumor deaths, 93 (17.9%, 95%CI 14.6% to 21.3%) other death causes,
and 82 (15.8%, 95%CI 12.6% to 18.9%) unknown death causes. In addition, 353 (12.0%, 95%CI 10.8% to
13.2%) transferring to hemodialysis, 153 (5.2%, 95% CI 4.4% to 6.1%) receiving renal transplants, 26 (0.9%,
95% CI 0.5% to 1.2%) transferring to other dialysis centers, and 100 (3.4%, 95% CI 2.7% to 4.1%) loss of
follow-up. The number of all-cause mortality was 89 (50.3%, 95% CI 42.6% to 57.4% ), 117 (31.5%, 95% CI
27.2% to 36.4%), 57 (24.5%, 95% CI 19.3% to 29.8%), and 256 (11.9%, 95% CI 10.6% to 13.2%) in the DM
plus CVD, DM, CVD, and control groups, respectively. The number of CVD mortality was 42 (23.7%, 95% CI
17.5% to 30.8% ), 57 (15.3%, 95% CI 12.1% to 19.1%), 34 (14.6%, 95% CI 10.1% to 18.9%), and 125 (5.8%,
95% CI 4.9% to 6.8%) in the DM plus CVD, DM, CVD, and control groups, respectively.

The incidence of all-cause mortality was 51.3/1000 patient-years in the study population, with 25.5/1000
patient-years of CVD mortality incidence (Table 3). The incidence of all-cause mortality was 179.4, 102.4,
72.6, and 33.3/1000 patient-years, and CVD mortality incidence was 84.6, 49.4, 43.3, and 16.2/1000
patient-years among the DM plus CVD, DM, CVD, and control groups, respectively.

Co-existence of DM and Pre-existing CVD, DM, and Pre-existing CVD and Mortality

Survival analysis found that the DM plus CVD group had poorer cumulative survival (P<0.001) and CVD
mortality-free survival (P<0.001) compared to the control group (Figure 2). The association between
comorbidities and mortality was evaluated by the different Cox proportional hazards regression models
(Table 4). When comparing to the control group, the DM plus CVD, DM, and CVD groups had 2.85 (95% CI
2.18 to 3.72), 1.89 (95%CI 1.50 to 2.38), and 1.43 (95%CI 1.07 to 1.92)-time risk of all-cause morality, and
2.79 (95%CI 1.91 to 4.08), 1.88(95%CI 1.35 to 2.61), and 1.82 (95%CI 1.23 to 2.68)-time risk for CVD
mortality compared to the control group in the model 4, respectively.

Similar trends of the association between comorbidities and mortality were observed among subgroups of
men, women, hypertension, non-hypertension, hyperlipidemia, and non-hyperlipidemia (Figure 3). Of note,
when comparing to pre-existing CVD patients, DM patients had 1.44 (95%CI 1.04 to 1.98)-time all-cause
mortality and 1.11 (95%CI 0.72 to 1.71) CVD mortality in the Cox model 4. In the study population, there
was no interaction between DM and pre-existing CVD on all-cause and CVD mortality (β=0.203, P=0.292;
β=0.281, P=0.123).
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Sensitivity Analysis

When conducting competing risk analyses with hemodialysis or renal transplants as the competing risk
factors, the DM plus CVD, DM, and CVD groups had 2.18 (95% CI 1.67 to 2.86), 1.81 (95%CI 1.05 to 3.10),
and 1.49 (95%CI 1.19 to 1.86)-time risk of all-cause morality compared to the control group, respectively, in
the Fine and Gray model 4. Similarly, when using non-CVD mortality, hemodialysis or renal transplants as
the competing risk factors, the DM plus CVD, DM, and CVD groups had 2.56 (95% CI 1.76 to 3.72), 1.81
(95%CI 0.82 to 3.99), and 1.54 (95%CI 1.12 to 2.10)-time risk of all-cause morality, respectively, compared to
the control group in the Fine and Gray model 4.

By the end of study, 1022 (34.7%) adult patients were follow up less than 24 months, with 238 (23.3%,
95%CI 20.8% to 26.2%) deaths. The remaining 1917 (65.2%) adult patients were follow up for at least 24
months, with 281 (14.7%, 95% CI 13.0% to 16.1%) of all-cause mortality and 135 (7.0%, 95% CI 5.9% to
8.2%) of CVD mortality. When comparing to the control group, the DM plus CVD, DM, and CVD groups had
2.17 (95% CI 1.46 to 3.23), 1.69 (95% CI 1.23 to 2.31), and 1.44 (95% CI 1.08 to 1.92)-time risk of all-cause
mortality, and 2.97 (95% CI 1.70 to 5.21), 2.15 (95% CI 1.37 to 3.37), and 1.46 (95% CI 1.04 to 1.98)-time risk
of CVD mortality in the Cox regression model 4, respectively, among adult those with at least 24-month
follow-up period.

Discussion
In our multi-center study of 2939 incident Chinese CAPD patients, the co-existence of DM and pre-existing
CVD at the start of dialysis was more strongly associated with all-cause and CVD mortality compared to
either DM or pre-existing CVD alone, with DM more associated with all-cause and CVD mortality than pre-
existing CVD. Similar trends were observed by the competing risk analysis, among subgroups of men,
women, hypertension, non-hypertension, hyperlipidemia, and non-hyperlipidemia patients, as well as in
those with at least 2-year period of follow up. In addition, hypertension was powerfully independently
associated with the co-existence of DM and pre-existing CVD. Of note, DM patients had a higher risk of all-
cause mortality, but similar risk of CVD mortality than pre-existing CVD patients.

In the non-dialysis population, co-existence of DM and pre-existing CVD is associated with a poorer survival
than their counterparts [8]. DM patients with both pre-existing CVD and protein-energy wasting had a 3.3-
time risk of mortality than DM patients without pre-existing CVD and protein-energy wasting [9]. In the
dialysis population, the co-existence of DM and pre-existing CVD is also associated with poor prognosis in
dialysis patients [3, 18-20]. However, the association between co-existence of DM and pre-existing CVD, DM,
pre-existing CVD and mortality to date remained unknown. In our study, when comparing to those without
DM and pre-existing CVD, patients with co-existence of DM and pre-existing CVD, those with only DM, and
those with only pre-existing CVD had 2.85, 1.89, and 1.43-time risk of all-cause mortality, and 2.79, 1.88, and
1.82-time CVD mortality, respectively, indicting that patients with co-existence of DM and pre-existing CVD
were at highest risk of all-cause and CVD mortality, followed sequentially by DM patients and pre-existing
CVD patients. Similar �ndings were observed by the competing risk analysis, in the subgroups of men,
women, hypertension, non-hypertension, hyperlipidemia, and non-hyperlipidemia patients, as well as those



Page 8/20

with at least 24-month follow-up period. Patients with co-existence of DM and pre-existing CVD at baseline
were more likely to be older age, higher percentiles of hypertension and hyperlipidemia, and had higher
levels of body mass index compared with other three groups. Previous studies reported that older age, and
hypertension are associated with poor prognosis in dialysis [21-23], while being obese may be protective for
all-cause mortality in the pre-dialysis and hemodialysis populations, while being underweight suggests
increased risk of mortality [24], which is inconsistent with the �ndings of a meta analysis of non-dialysis
population, reporting that relative to normal weight, obesity is associated with signi�cantly higher all-cause
mortality, but overweight was associated with signi�cantly lower all-cause mortality [25]. Unmatched
baseline variables may affect the reliability of the association between co-existence DM and pre-existing
CVD, DM, pre-existing CVD and mortality among CAPD patients.

To date, there is no study pertaining to the predictors for co-existence of DM and pre-existing CVD. In our
study, elderly age, men, higher systolic BP, hypertension, hyperlipidemia, and lower serum uric acid were
associated with high risk of co-existence of DM and pre-existing CVD, DM, and pre-existing CVD. Lower
diastolic BP was associated with higher risk of DM and co-existence of DM and pre-existing CVD, while
lower body mass index was associated with higher pre-existing CVD, but higher lower body mass index was
associated with DM, and the co-existence of DM and pre-existing CVD. In addition, higher hemoglobin was
associated with higher risk of co-existence of DM and pre-existing CVD. It was worth noting that among
these predictors above, hypertension was the strongest predictor of co-existence of DM and pre-existing
CVD, with 13.72 of odd ratio, followed by hyperlipidemia with 3.51 of odd ratio for co-existence of DM and
pre-existing CVD.

In the present study, we found that CAPD patients with only DM had similar risk of CVD mortality (HR 1.11,
95%CI 0.72 to1.71) than those with only pre-existing CVD, which was consistent with a previous study of
2432 participants with seven-year incidence rates of fatal and non-fatal myocardial infarction, reporting
that among non-dialysis population, DM patients without previous myocardial infarction have similar risk
of myocardial infarction (HR 1.20, 95%CI 0.60 to 2.40) compared with those patients with previous
myocardial infarction [26]. The difference of interesting outcomes is that we only observed fatal CVD
disease including coronary heart disease, congestive heart failure, arrhythmias, cerebrovascular disease, or
peripheral vascular disease, but only fatal and non-fatal myocardial infarction was recorded in the above-
mentioned study. It was worth noting that in our study, we did not identify 82 (15.8%) unknown death
causes, which may affect the �nding that DM had as high a risk of CVD mortality as pre-existing CVD.
Interesting, we found that DM patients had a higher risk of all-cause mortality (HR 1.44, 95%CI 1.04 to 1.98)
than those pre-existing CVD patients. DM patients were likely to be higher percentiles of age ≥51 years
(76.1% vs. 64.8%), higher BMI, eGFR, and low density lipoprotein levels compared with those with pre-
existing CVD. As all we know, elderly age, higher eGFR at the start of dialysis, and higher low density
lipoprotein levels have a adverse effect on the prognosis in dialysis population [21, 27-29]. Unmatched
baseline variables may affect the risk of all-cause and CVD mortality between those DM and pre-existing
CVD patients.

Strengths of this study included a large sample size from �ve dialysis facilities, and a detailed assessment
and adjustment for all-cause and CVD risk factors. Several limitations should be considered. First, this was



Page 9/20

a retrospective study with potential unaccounted confounding factors and the selection biases. Although
after adjusting for confounding variables at baseline, we did not draw conclusions about potential causal
relationship between comorbidities and mortality. Nonetheless, �uctuations of HRs were less than 10%
among the model 2, 3, and 4, suggesting three models were stable and reliable for predicting the interesting
outcomes [29]. Second, although experts tried to meet a consensus on the death causes, there remained 82
(15.8%) unknown death causes, which may under-report the incidence of CVD mortality, and affect the
association between the interesting comorbidities and CVD mortality. Thus, in a future study, we need
detailed death causes to re-evaluate the risk of CVD mortality between DM and pre-existing CVD. Third, due
to focusing on DM as a comorbidity, we did not recorded types of DM and DM-speci�ed factors such as
usage of hypoglycemic medications, and duration of DM, which did not affect our �ndings. Lastly, to
enhance the generalizability of CAPD population settings, we only excluded those with age < 18 years or <
3-month period of follow up. Nonetheless, all eligible patients were from China, suggesting our �ndings
may lack generalization to other ethnic population settings.

Conclusions
CAPD patients with co-existence of DM and pre-existing CVD at baseline are at highest risk of all-cause and
CVD mortality, followed by DM patients and those with pre-existing CVD accordingly, with hypertension as a
powerful predictor for co-existence of DM and pre-existing CVD. In addition, DM patients have a higher risk
of all-cause, but similar risk of CVD mortality than pre-existing CVD patients. Our �ndings suggested that a
combined assessment of DM and pre-existing CVD compared with separate assessment of the two
comorbidities further improved risk strati�cation of CAPD patients at risk of mortality.
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blood pressure; ACEI/ARB, beta blockers, angiotensin II receptor blockers/angiotensin-converting enzyme
inhibitors; eGFR, estimated glomerular �ltration rate; hs-CRP, high-sensitivity C-reactive protein; OR, odds
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Table 1. Baseline demographic characteristics, medications, and laboratory parameters among four groups

Groups Study
population

Control
group

CVD group DM group DM plus
CVD group

P-
value

N 2939 2157 233 372 177

Age, years 50.0 (39.0-
61.0)

46.0 (36.0-
56.0)

58.0 (45.0-
69.0)

59.0 (51.0-
66.0)

63.0 (57.0-
69.0)

<0.001

Men, % 1697
(57.7%)

1230
(57.0%)

137
(58.8%)

227
(61.0%)

103 (58.2%) 0.529

Body mass index,
kg/m2

22.4±3.6 22.1±3.5 21.9±4.0 23.2±3.7 24.5±3.3 <0.001

Systolic BP,
mmHg

150.0±25.6 148.8±25.6 151.6±25.9 153.2±24.5 156.6±25.80 <0.001

Diastolic BP,
mmHg

87.5±15.7 88.8±16.0 87.3±15.7 83.1±13.3 80.8±13.9 <0.001

24-
hour urine volume,
ml

800(500-
1200)

800(500-
1200)

800(400-
1300)

800 (500-
1200)

800 (500-
1150)

0.704

Current smoking,
(%)

294
(10.00%)

211
(9.78%)

26
(11.16%)

36 (9.68%) 21 (11.86%) 0.756

Current alcohol
consumption, (%)

108 (3.7%) 84 (3.9%) 8 (3.4%) 11 (3.0%) 5 (2.8%) 0.745

Hypertension, (%) 1915
(65.2%)

1253
(58.1%)

183
(78.5%)

308
(82.8%)

171 (96.6%) <0.001

Hyperlipidemia,
(%)

533
(18.1%)

291
(13.5%)

64 (27.5%) 106
(28.5%)

72 (40.7%) <0.001

Calcium channel
blockers, (%)

2201
(74.9%)

1567
(72.7%)

178
(76.4%)

294
(79.0%)

162 (91.5%) <0.001

Beta blockers, (%) 1213
(41.3%)

877
(40.7%)

100
(42.9%)

145
(39.0%)

91 (51.4%) 0.003

Diuretics, (%) 200 (6.8%) 104 (4.8%) 15 (6.4%) 47 (12.6%) 34 (19.2%) <0.001

ACEI/ARBs, (%) 1012
(34.4%)

671
(31.1%)

89 (38.2%) 155
(41.7%)

97 (54.8%) <0.001

Aspirin, (%) 244 (8.3%) 102 (4.7%) 26 (11.2%) 54 (14.5%) 62 (35.0%) <0.001

Statins, (%) 416
(14.2%)

218
(10.1%)

55 (23.6%) 80 (21.5%) 63 (35.6%) <0.001

Hemoglobin, g/dL 9.25±2.83 9.11±2.82 9.47±2.80 9.46±2.83 10.16±2.76 <0.001

Serum albumin,
g/dL

3.47±0.56 3.47±0.56 3.47±0.59 3.45±0.56 3.48±0.61 0.939

Serum uric acid, 6.92±2.34 6.99±2.37 6.73±2.10 6.70±2.31 6.71±2.32 0.049
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mg/dL

eGFR,
mL/min/1.73 m2

6.44 (4.74-
8.34)

6.40 (4.72-
8.28)

5.91 (4.43-
7.98)

6.71 (4.85-
8.60)

6.63 (4.98-
8.75)

0.683

Cholesterol,
mg/dL

151.6
(117.9-
183.0)

148.9
(116.1-
181.8)

157.4
(125.3-
185.6)

153.2
(119.9-
184.5)

157.2
(129.5-
187.9)

0.031

Triglyceride,
mg/dL

93.92
(55.82-
153.28)

93.6 (55.8-
151.6)

92.4 (47.8-
158.6)

93.3 (56.9-
155.5)

114.3 (64.0-
158.6)

0.030

High density
lipoprotein, mg/dL

39.57
(31.32-
49.50)

39.4 (31.5-
49.5)

41.4 (31.8-
48.7)

40.5 (30.8-
51.8)

37.1 (29.8-
47.9)

0.291

Low density
lipoprotein, mg/dL

81.6 (48.0-
116.8)

81.3 (49.9-
116.1)

79.3 (25.4-
116.1)

85.7 (49.0-
121.6)

79.3 (29.5-
122.2)

0.444

hs-CRP, mg/L 4.37 (1.91-
14.18)

4.24 (1.90-
13.10)

4.74 (1.93-
18.70)

5.00 (2.14-
18.75)

4.74 (1.70-
18.91)

0.181

DM, diabetes mellitus; CVD, cardiovascular disease; BP, blood pressure; ACEI/ARB, beta blockers,
angiotensin II receptor blockers/angiotensin-converting enzyme inhibitors; eGFR, estimated glomerular
�ltration rate; hs-CRP, high-sensitivity C-reactive protein.
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Table 2. Adjusted ORs for co-existence of HD and pre-existing CVD, DM, and pre-existing CVD groups using
the multinomial logistic regression.

Control group Pre-existing
CVD group

DM group DM plus pre-existing
CVD group

    OR 95% CI OR 95% CI OR 95% CI

Age, per increase 10 year 1.0 (ref.) 1.53 1.42 to
1.64

1.52 1.43 to 1.62 1.85 1.70 to
2.10

Women, men as a
reference

1.0 (ref.) 0.79 0.58 to
1.06

0.74 0.57 to 0.95 0.78 0.53 to
1.13

BMI, per increase 1 kg/m2 1.0 (ref.) 0.96 0.92 to
0.99

1.06 1.03 to 1.10 1.18 1.13 to
1.23

Systolic BP, per increase 10
mmHg

1.0 (ref.) 1.02 0.95 to
1.09

1.12 1.06 to 1.18 1.21 1.12 to
1.31

Diastolic BP, per increase
10 mmHg

1.0 (ref.) 1.01 0.91 to
1.12

0.76 0.69 to 0.83 0.66 0.57 to
0.75

Hypertension, yes/no 1.0 (ref.) 2.26 1.60 to
3.17

2.84 2.10 to 3.84 13.72 6.14 to
30.63

Hyperlipidemia, yes/no 1.0 (ref.) 2.20 1.58 to
3.06

2.31 1.75 to 3.07 3.51 2.41 to
5.12

Hemoglobin, per increase 1
mg/dL

1.0 (ref.) 1.02 0.97 to
1.07

1.02 0.98 to 1.06 1.09 1.03 to
1.16

Serum uric acid, per
increase 1 mg/dL

1.0 (ref.) 0.95 0.90 to
1.01

0.94 0.89 to 0.99 0.92 0.86 to
1.00

The following variables at baseline were in the multinomial logistic regression model: age, sex, body mass
index, systolic BP, diastolic BP, current smoking, current alcohol consumption, 24-hour urine volume,
hypertension, hyperlipidemia, hemoglobin, serum albumin, serum uric acid, eGFR, cholesterol, triglyceride,
high density lipoprotein, low density lipoprotein, and hs-CRP.

DM, diabetes mellitus; CVD, cardiovascular disease; BP, blood pressure; eGFR, estimated glomerular
�ltration rate; hs-CRP, high-sensitivity C-reactive protein; OR, odds ratio; CI, con�dence interval.
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Table 3. All-cause and CVD mortality incidence.

All-cause
mortality

CVD
mortality

Time
at risk
(years)

All-cause mortality
incidence (/1000
patient-years)

95%
CI

CVD mortality
incidence
(/1000 patient-
years)

95%
CI

Study
population

519 258 10122.2 51.3 47.0 to 55.7 25.5 22.6
to
28.7

Control
group

256 125 7697.3 33.3 29.1 to 37.6 16.2 13.5
to
19.3

CVD group 57 34 785.6 72.6 55.2 to 90.2 43.3 31.7
to
57.8

DM group 117 57 1143.1 102.4 86.2 to 117.5 49.9 37.4
to
61.5

DM plus
CVD group

89 42 496.2 179.4 155.5 to 206.2 84.6 62.4
to
108.8

Incidence was calculated as number of events divided by total valid observational time at risk, scaled to
episodes per 1000 years.

Control group: patients without DM and pre-existing CVD.

DM, diabetes mellitus; CVD, cardiovascular disease; CI, con�dence interval.
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Table 4. Adjusted HRs for mortality among different Cox proportional hazards regression models.

  Model 1 Model 2 Model 3 Model 4

  HR 95%CI HR 95%CI HR 95%CI HR 95%CI

All-cause
mortality

               

Control group Reference              

CVD group 2.22 1.66 to
2.95

1.41 1.05 to
1.89

1.41 1.05 to
1.89

1.43 1.07 to
1.92

DM group 3.13 2.51 to
3.89

1.87 1.48 to
2.35

1.87 1.48 to
2.35

1.89 1.50 to
2.38

DM plus CVD
group

5.56 4.36 to
7.08

2.78 2.13 to
3.63

2.78 2.13 to
3.63

2.85 2.18 to
3.72

CVD mortality                

Control group Reference              

CVD group 2.70 1.85 to
3.94

1.82 1.23 to
2.69

1.82 1.23 to
2.69

1.82 1.23 to
2.68

DM group 3.13 2.29 to
4.28

1.93 1.39 to
2.69

1.93 1.39 to
2.69

1.88 1.35 to
2.61

DM plus CVD
group

5.39 3.80 to
7.66

2.87 1.95 to
4.22

2.87 1.95 to
4.22

2.79 1.91 to
4.08

Model 1, unadjusted; model 2, model 1 plus age, sex, body mass index, systolic BP, diastolic BP, current
smoking, current alcohol consumption, 24-hour urine volume, hypertension, and hyperlipidemia; model 3,
model 2 plus medications; model 4, model 3 plus hemoglobin, serum albumin, serum uric acid, eGFR,
cholesterol, triglyceride, high density lipoprotein, low density lipoprotein, and hs-CRP.

Control group: participants without DM and pre-existing CVD.

DM, diabetes mellitus; CVD, cardiovascular disease; BP, blood pressure; eGFR, estimated glomerular
�ltration rate; hs-CRP, high-sensitivity C-reactive protein; HR, hazard ratio; CI, con�dence interval.
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Table 5. Adjusted HRs for mortality among the Fine and Gray competing risk models.

  Model 1 Model 2 Model 3 Model 4

  HR 95%CI HR 95%CI HR 95%CI HR 95%CI

All-cause
mortality

               

Control group Reference              

CVD group 2.52 1.87 to
3.39

1.46 1.17 to
1.81

1.49 1.20 to
1.86

1.49 1.19 to
1.86

DM group 3.37 2.66 to
4.26

1.73 1.01 to
2.97

1.77 1.03 to
3.03

1.81 1.05 to
3.10

DM plus CVD
group

6.65 5.08 to
8.71

2.09 1.60 to
2.73

2.15 1.65 to
2.82

2.18 1.67 to
2.86

CVD mortality                

Control group Reference              

CVD group 1.89 1.22 to
2.93

1.58 1.15 to
2.16

1.58 1.15 to
2.16

1.54 1.12 to
2.10

DM group 3.16 2.28 to
4.38

1.93 0.88 to
4.25

1.93 0.88 to
4.25

1.81 0.82 to
3.99

DM plus CVD
group

5.69 4.02 to
8.07

2.56 1.76 to
3.72

2.56 1.76 to
3.72

2.56 1.76 to
3.72

Model 1, unadjusted; model 2, model 1 plus age, sex, body mass index, systolic BP, diastolic BP, current
smoking, current alcohol consumption, 24-hour urine volume, hypertension, and hyperlipidemia; model 3,
model 2 plus medications; model 4, model 3 plus hemoglobin, serum albumin, serum uric acid, eGFR,
cholesterol, triglyceride, high density lipoprotein, low density lipoprotein, and hs-CRP.

Control group: participants without DM and pre-existing CVD.

DM, diabetes mellitus; CVD, cardiovascular disease; BP, blood pressure; eGFR, estimated glomerular
�ltration rate; hs-CRP, high-sensitivity C-reactive protein; HR, hazard ratio; CI, con�dence interval.
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Figure 1

Flowchart. DM, diabetes mellitus; CVD, cardiovascular disease; CAPD, continuous ambulatory peritoneal
dialysis.

Figure 2
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Cumulative survival were lowest in those with co-existence of DM and pre-existing CVD. Control group:
participants without DM and pre-existing CVD. DM, diabetes mellitus; CVD, cardiovascular disease.

Figure 3

Adjusted HRs for all-cause and CVD mortality among subgroups. Model 1, unadjusted; model 2, model 1
plus age sex, body mass index, systolic BP, diastolic BP, current smoking, current alcohol consumption, 24-
hour urine volume, diabetes mellitus, and hyperlipidemia; model 3, model 2 plus medications; model 4,
model 3 plus hemoglobin, serum albumin, serum uric acid, eGFR, cholesterol, triglyceride, high density
lipoprotein, low density lipoprotein, and hs-CRP. Control group: participants without DM and pre-existing
CVD. DM, diabetes mellitus; CVD, cardiovascular disease; BP, blood pressure; eGFR, estimated glomerular
�ltration rate; hs-CRP, high-sensitivity C-reactive protein; HR, hazard ratio; CI, con�dence interval.


