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ABSTRACT
Objectives: To investigate an association between
ideal cardiovascular health metrics (CVH) and the risk
of developing end-stage renal disease (ESRD).
Setting: Community of Kailuan in Tangshan/China.
Participants: We examined in a community-based
longitudinal cohort study 91 443 participants without
history of stroke or myocardial infarction at baseline in
2006–2007, with a glomerular filtration rate (GFR)
≥15 mL/min at baseline, and who participated in at
least 1 of 3 follow-up examinations in 2008–2009,
2010–2011 and 2012–2013.
Interventions: CVH was measured by 7 key health
factors (smoking, body mass index, physical activity,
healthy dietary score, total cholesterol blood
concentration, blood pressure, fasting blood glucose)
each of which ranged between ‘ideal’ (2) and ‘poor’
(0). With a maximal CVH score of 14, the study
participants were divided into categories of <5, 5–9
and 10–14 points.
Primary and secondary outcome measures: CHV,
incidence of ESRD.
Results: Incidence of ESRD ranged from 7.06‰ in
the lowest CVH category to 2.34‰ in the highest CVH
category. After adjusting for age, sex, educational level,
income, alcohol consumption and GFR, the lowest CVH
category as compared with the highest CVH category
had a significantly higher risk of incident ESRD
(adjusted HR 2.87; 95% CI 1.53 to 5.39). For every
decrease in group number of the cum-CVH score, the
risk of ESRD increased by 20% (HR 1.20; 95% CI 1.13
to 1.28). The effect was consistent across sex and all
age groups.
Conclusions: A low CVH score significantly increased
the risk of incident ESRD. Risk factors for
cardiovascular events may also be associated with an
increased risk for kidney failure.

In 2010, the American Heart Association
(AHA) set a goal to improve the cardiovascu-
lar health of Americans by 20% until 2020.
To quantify the cardiovascular health and to

measure the progress towards reaching the
goal, the AHA defined seven health metrics
variables (smoking status, body mass index
(BMI), physical activity, healthy dietary score,
total cholesterol, blood pressure, and fasting
blood glucose) and created three stages for
each variable to reflect poor, intermediate
and ideal health status for that parameter.1

Subsequent studies revealed that ideal car-
diovascular health metrics was protective
against asymptomatic intracranial artery sten-
osis,2 3 cognitive impairment,4 cardiovascular
disease (CVD) and related mortality,5–7 and
all-cause mortality and cancer.8–10 To cite an
example, a previous investigation of the
Kailuan study revealed that better cardiovas-
cular health was associated with a lower inci-
dence of myocardial infarction and stroke,

Strengths and limitations of this study

▪ The present study investigated the relationship
between ideal cardiovascular health metrics and
incident end-stage renal disease (ESRD) in a
large community-based population, taking into
account all parameters of the ideal cardiovascu-
lar health metrics.

▪ As potential limitations, each cardiovascular
health metric parameter had equal weight in cal-
culating the cardiovascular health score, poten-
tially leading to an oversimplification of the
relationship between cardiovascular health score
and ESRD.

▪ The self-reported data on salt intake was taken
as surrogate of healthy diet.

▪ Individuals without creatinine measurements
were excluded from the study that may poten-
tially lead to a bias in the selection of study
participants.

▪ The study population was recruited based on a
community basis and not on a population basis.
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with the risk of myocardial infarction and stroke decreas-
ing by about 16% for each unit increase in the cardiovas-
cular health metrics.11

The global incidence of end-stage renal disease
(ESRD) has markedly increased in the past few
years.12 13 Studies have revealed that diabetes mellitus,14

arterial hypertension,15 hypercholesterinaemia,16 higher
BMI17 and cigarette smoking were risk factors for
ESRD,18 while ESRD increased the mortality of CVDs by
a factor of 10–20.19 In a parallel manner, a recent study
by Gansevoort et al20 showed that the risk of CVD mor-
tality increased linearly among patients with chronic
kidney disease (CKD). While many studies investigated
the association between ideal cardiovascular health
metrics and the risk of cardiovascular events, fewer
studies have explored so far the association between
ideal cardiovascular health metrics and kidney disease.
Rebholz and colleagues estimated the association
between the seven AHA health metric variables (also
called ‘Life’s Simple 7’) and incident CKD in almost
15 000 participants of the Atherosclerosis Risk in
Communities study over a median follow-up of 22 years.
The health metric factors of smoking, BMI, physical
activity, blood pressure and blood glucose were signifi-
cantly (all p<0.01) correlated with an increased risk for
CKD while the health metric factor of diet and blood
cholesterol were not related with the risk for CKD in
that study population.21 The risk for CKD was negatively
associated with the number of ideal health factors. Also
other studies investigated an association between cardio-
vascular risk factors and incident kidney disease, such as
the investigations by Bash et al,22 by Ricardo et al,23 by
Hui et al24 and by Hsu et al.25 The main outcome param-
eter of our study, the development of ESRD was
addressed in a previous study by Muntner and associates
who had not included all AHA health metric factors.26

In their prospective cohort study consisting of 3093
patients with ESRD, patients with four ideal cardiovas-
cular health metrics had a significantly lower risk to
develop ESRD after a follow-up of 4 years as compared
with individuals with one ideal cardiovascular health
metric.26 After adjusting for estimated glomerular
filtration rate (eGFR) however, the association was no
longer significant. Since most of the previous studies
addressed associations between the cardiovascular health
factors and incident CKD and did not specifically focus
on incident ESRD and since the available studies on
incident ESRD either did not include all seven health
factors or had variable results, we conducted the present
investigation to extend the observations made in previ-
ous studies and to include all cardiovascular health
metric factors into a multivariate analysis in a relatively
large study population.

METHODS
The Kailuan study (registration number: ChiCTR-
TNC-1100148) is a prospective community-based cohort

study conducted in the community of Kailuan in the
industrial city of Tangshan (Hebei Province).11 27

A written informed consent was signed by all partici-
pants. The Kailuan study included employees and retir-
ees of the Kailuan Group Company which is a coal mine
industry in Tangshan. Between June 2006 and October
2007, 101 510 individuals (81 110 men) with an age
between 18 and 98 years were examined at baseline of
the study in 2006/2007 and they were re-examined in
2-year intervals during the periods of 2008–2009, 2010–
2011 and 2012–2013. The present investigation included
those individuals who had not been diagnosed with
ESRD at the baseline examination, for whom complete
data of their cardiovascular health metrics obtained at
the baseline examination were available, and who had
participated in at least one of the three follow-up exami-
nations. Individuals with previous stroke or myocardial
infarction which had occurred prior to the baseline
examination were excluded from the study to prevent a
potential influence of these major diseases on the pro-
spectively assessed outcome parameter of incident ESRD.
Patients with acute kidney disease or patients with previ-
ous acute kidney disease but then in recovery were also
excluded, since the goal of the study was to assess the
incidence of chronic end-stage disease of the kidneys.
At the time when examinations were performed at

baseline and in the follow-up examinations, an interview
with a standardised questionnaire was carried out includ-
ing questions on smoking, physical activity and salt
intake. The smoking status was classified as ‘never’,
‘former’ or ‘current’. Never smoking was defined as the
ideal healthy behaviour (with respect to smoking),
former smoking as intermediate healthy behaviour and
current smoking as poor healthy behaviour. With respect
to physical activity, ideal healthy behaviour, intermediate
healthy behaviour and poor healthy behaviour were
defined as ≥80, 1–79 and 0 min of moderate or vigorous
activity per week, respectively. Since detailed information
on diet (eg, intake of fruits, vegetables or meat) was
missing, we used the information on salt intake as a sur-
rogate of information on diet in general. As part of the
standardised questionnaire, we asked how much salt the
participants used when they prepared their meals.
Self-reported salt intake was classified as ‘low’, ‘medium’

or ‘high’, without that the amount of salt consumed was
measured. ‘Low’ salt intake was defined as the ideal diet
behaviour, and medium salt intake and high salt intake
were defined as intermediate and poor diet behaviours,
respectively. The interview also included questions on
demographic and clinical characteristics (age, sex, per-
sonal monthly income, level of education and history of
diseases, and use of arterial antihypertensive drugs,
cholesterol-lowering medication, and glucose-lowering
drugs). Based on their age, the study participants were
differentiated into two categories of age ≤60 years and
of age >60 years. The self-reported average monthly
income was categorised as ‘<¥600’, ‘¥600–¥800’ or
‘≥¥800’. The educational attainment was categorised as
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‘illiteracy or primary school’, ‘middle school’ and ‘high
school or above’.
According to the definitions by the AHA, BMI was

classified as ideal (<25 kg/m2), intermediate (25–
29.9 kg/m2) or poor (≥30 kg/m2). For the determin-
ation of blood pressure, three readings of systolic blood
pressure (SBP) and diastolic blood pressure (DBP) were
taken at a 5 min interval after the participants had
rested in a chair for at least 5 min. The average of three
readings was used for data analysis. The blood pressure was
graded as ideal (SBP<120 mmHg and DBP<80 mmHg and
untreated), intermediate (120 mmHg≤SBP≤139 mmHg,
80 mmHg≤DBP≤89 mmHg, or treated to SBP/DBP<120/
80 mmHg), or poor (SBP≥140 mmHg, DBP≥90 mmHg
or treated to SBP/DBP>120/80 mmHg.1

The biochemical analysis of fasting blood samples in-
cluded determination of the concentrations of glucose,
total cholesterol and triglycerides, high-density lipoprotein
cholesterol and low-density lipoprotein cholesterol levels,
and creatinine. The coefficient of variation in serum cre-
atinine concentration determination was <5%. According
to the definitions by the AHA,1 fasting blood glucose was
classified as ideal (<5.6 mmol/L and untreated), inter-
mediate (5.6–6.9 mmol/L or treated to <5.6 mmol/L) or
poor (≥7.0 mmol/L or treated to ≥5.6 mmol/L); and
total cholesterol blood concentration was graded as
ideal (<200 mg/dL and untreated), intermediate (200–
239 mg/dL or treated to <200 mg/dL) or poor
(≥240 mg/dL or treated to ≥200 mg/dL), respectively.
ESRD was defined as an eGFR of <15 mL/min/

1.73 m2 or when the participant was on dialysis or had
received kidney transplantation.28 The eGFR was esti-
mated by using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation.29

Statistical analysis was performed using commercially
available software (SPSS for Windows, V.22.0, IBM-SPSS,
Chicago, Illinois, USA). Continuous variables were
described as mean±SD and were compared by analysis of
variance or by applying the Kruskal-Wallis test.
Categorical variables were described as percentages and
were compared using χ2 tests. Cox regression model was
used to estimate the risk of ESRD associated with cardio-
vascular health metrics. HRs and 95% CIs were calcu-
lated. Proportional hazard assumptions were confirmed
by testing correlations between the scaled Schoenfeld
residuals for ideal cardiovascular health metrics and
time. No significant non-proportional effects (p>0.05)
were observed. We fitted three multivariate models.
Model 1 adjusted for age and sex. Model 2 additionally
adjusted for educational level, income level and alcohol
consumption. Model 3 further adjusted for GFR. Since
there were 11 hospitals responsible for laboratory tests in
this study, we used a random effect for each hospital to
account for the potential measurement bias. The inter-
actions of cardiovascular health with gender and age on
the risk of ESRD were analysed by multivariate Cox
regression modelling. All statistical tests were two-sided,
and the significance level was set at p<0.05.

RESULTS
Out of the 101 510 individuals participating in the base-
line examination, 3669 participants were excluded due
to a history of stroke or myocardial infarction which had
occurred prior to the baseline examination; 6282 indivi-
duals were excluded because of incomplete cardiovascu-
lar health metrics data or incomplete serum creatinine
data; and 116 persons were excluded due to a eGFR of
<15 mL/min at baseline. The remaining 91 443 partici-
pants (20.5% women) were included into the present
study (figure 1).
Comparing the baseline characteristics between the

three groups of study participants revealed that a higher
cardiovascular health-defined group was significantly
(p<0.001) associated with higher level of education,
lower proportion of men, higher income, less alcohol
consumption and a lower high-sensitive C reactive
protein concentration (table 1).
The incidence of ESRD ranged from 2.34‰ in the

highest cardiovascular health category to 7.06‰ in the
lowest cardiovascular health category (table 2).
Compared with the participants in the highest cardiovas-
cular health category (10–14 points), after adjustment
for age, sex, education level, income level, alcohol con-
sumption and eGFR at baseline examination, those in
the lowest cardiovascular health category (0–4 points)
had a significantly increased risk of ESRD (adjusted HR
2.87; 95% CI 1.53 to 5.39). For every decrease in the
group number of the cardiovascular health score, the
risk of ESRD increased by ∼20% (HR 1.20; 95% CI 1.13
to 1.28) (table 2). The effect was consistent across sex
and all age groups below the age of 60 years (table 3).
Significant associations were found both for men (p
trend<0.001) and for women (p trend=0.017), but only
in participants with an age of <60 years (p trend<0.001),
not in those with age >60 years (p trend=0.105). There
were significant interactions between the cardiovascular
health score and age (p interaction <0.001) and sex (p
interaction<0.001), respectively.
To examine the influence of any single cardiovascular

health metrics on the association between cardiovascular
health and incident ESRD, a sensitivity analysis was per-
formed after excluding step-by-step each of the seven
metrics from the cardiovascular health score. The associ-
ation remained to be statistically significant following the
exclusion of the individual risk factors, except for
excluding the parameters of cholesterol and fasting
blood glucose in women (table 4).

DISCUSSION
In the present study, we found an association between
worse cardiovascular health metrics and elevated risks of
developing ESRD, independently of age, sex, family
income, alcohol consumption and eGFR at baseline of
the study. Our findings revealed that ideal cardiovascular
health as measured by the seven health metrics para-
meters was protective against incident ESRD. Removal of
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any one of the seven parameters of the cardiovascular
health metrics, except for the parameters of blood chol-
esterol concentration and fasting blood glucose concen-
tration in women, did not change the significance of the
association between cardiovascular health score and inci-
dent ESRD. The subgroup analyses revealed that the
association between a low cardiovascular health score

and incident ESRD was significant mostly for partici-
pants aged <60 years, while in the elder individuals the
association was not statistically significant.
The findings of our study agree with the observations

made in previous investigations. Perneger et al14 exam-
ined 716 newly treated patients with kidney failure aged
20–64 years and 361 age-matched control participants.

Figure 1 Flow chart of the study participants. GFR, glomerular filtration rate.

Table 1 Baseline characteristics of the study population according to the cardiovascular health score (n=91 443)

Cardiovascular health

scores Total (n=91 443) 10–14 (n=35 810) 5–9 (n=53 815) 0–4 (n=1818)

p Value for

trend

Age (years) 51.5±12.4 49.8±13.4 52.7±11.6 51.6±9.7 <0.001

Men, n(%) 72 713 (79.4) 23 932 (66.8) 47 014 (87.2) 1767 (96.5) <0.001

C reactive protein 0.79 (0.30, 2.00) 0.60 (0.22, 1.70) 0.89 (0.34, 2.19) 1.21 (0.54, 2.72) <0.001

Education, n (%) <0.001

Illiteracy 1079 (1.2) 333 (0.9) 715 (1.3) 31 (1.7)

Elementary school 8231 (9.0) 2304 (6.4) 5633 (10.5) 294 (16.2)

High school 75 745 (82.8) 29 549 (82.5) 44 776 (83.2) 1420 (78.1)

College or above 6388 (7.0) 3624 (10.1) 2691 (5.0) 73 (4.0)

Income RMB/month, n (%) <0.001

<800 78 455 (85.8) 30 694 (85.7) 46 240 (85.9) 1521 (83.7)

800–1000 6920 (7.6) 2544 (7.1) 4213 (7.8) 163 (9.0)

>1000 6068 (6.6) 2572 (7.2) 3362 (6.2) 134 (7.4)

Alcohol consumption, n (%) <0.001

Never 54 182 (59.2) 26 443 (73.8) 27 258 (50.7) 429 (23.4)

Past 3127 (3.4) 789 (2.2) 2235 (4.2) 103 (5.7)

Current, <1 times/day 17 799 (19.5) 5865 (16.4) 11 489 (21.3) 445 (24.5)

Current, 1+ times/day 16 388 (17.9) 2713 (7.6) 12 833 (23.8) 842 (46.3)
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They found that patients with insulin-dependent dia-
betes (OR 33.7) and non-insulin-dependent diabetes
(OR 7.0) were at greater risk for ESRD than were
persons without diabetes. The diagnosis of diabetes in
Perneger et al’s study may have as surrogate the blood
fasting concentration of glucose in our study. Hsu et al15

retrospectively performed a cohort study among members
of a large integrated healthcare provider. Among a total of
316 675 members with an eGFR≥60 mL/min and lack of
proteinuria or haematuria, 1149 patients developed ESRD
during 8 210 431 person-years of follow-up. Compared with
individuals with a blood pressure <120/80 mmHg, the
adjusted relative risks for developing ESRD in the total
study population and in various subgroups were 1.62 for
blood pressures of 120 to 129/80 to 84 mmHg, 1.98 for
blood pressures of 130 to 139/85 to 89 mmHg, 2.59
for blood pressures of 140 to 159/90 to 99 mmHg,
3.86 for blood pressures of 160 to 179/100 to 109 mmHg,
3.88 for blood pressures of 180 to 209/110 to 119 mmHg
and 4.25 for blood pressures of 210/120 mmHg or higher.
The authors concluded that even relatively modest eleva-
tion in blood pressure was an independent risk factor for
ESRD. Sundin et al30 examined a cohort of Swedish male
residents born between 1952 and 1956 who attended the
mandatory military conscription examinations in late ado-
lescence. In the period from 1985 to 2009, ESRD devel-
oped in 534 patients as compared with 5127 control
individuals. Incident ESRD was strongly associated with
arterial hypertension (OR 3.97) for grade 2 hypertension
and higher. In a similar manner, higher BMI was correlated
with an increased ESRD incidence (OR 3.53). Orland and
colleagues found that a Southern dietary pattern rich in
processed and fried foods was associated independently
with mortality in persons with ESRD, while a diet rich in
fruits and vegetables appeared to be protective.31 Haroun
et al32 performed a community-based, prospective observa-
tional study of 20-year duration to examine the association
between hypertension and smoking on the future risk of
ESRD in 23 534 men and women. As compared with indivi-
duals with optimal blood pressure, they found an adjusted
HR of developing ESRD among women of 2.5 for normal
blood pressure, 3.0 for high-normal blood pressure, 3.8 for
stage 1 arterial hypertension, 6.3 for stage 2 arterial

hypertension and 8.8 for stage 3 or 4 of arterial hyperten-
sion. Similar results were obtained for men. Also current
cigarette smoking was associated with the risk of ESRD
(HR in women 2.9; in men 2.4).
The findings obtained in our study extend the obser-

vations made in previous investigations by including all
parameters which form the cardiovascular health
metrics into a multivariate analysis, while the former
studies mostly considered only single factors for the
development of ESRD. To cite an example, in a pro-
spective cohort study consisting of 3093 patients with
ESRD, patients with four ideal cardiovascular health
metrics had a significantly lower risk to develop ESRD
after a follow-up of 4 years as compared with individuals
with one ideal cardiovascular health metric.26 After
adjusting for eGFR, the association was no longer signifi-
cant. In our study, the association between poor cardio-
vascular health metrics was strongly correlated with
incident ESRD also after adjusting for potential confoun-
ders including eGFR.
Our study showing an association between poor car-

diovascular health metrics and incident ESRD is parallel
to other investigations in which a worse cardiovascular
health score was correlated with an increased risk for
cardiovascular and cerebrovascular events, cancer, and
all-cause death.6–10

The reason for the discrepancy between the younger
participants in our study, for whom an association
between a worse cardiovascular health score and higher
incidence of ESRD was found, and the older partici-
pants without such a significant relationship may be the
higher mortality rate in the elderly individuals who, due
to a generally increased morbidity, may not have lived
long to develop ESRD.
The importance of the findings obtained in our study

is based on each of the seven cardiovascular health
metrics parameters with their impact on the develop-
ment, and presumably, also on the prevention, of ESRD,
so that public healthcare measures for the prevention of
ESRD should take each one of them into account. This
was suggested when we conducted additional analyses
removing each ideal health metric at a time. Although
the statistical strength of the association between the

Table 2 HRs (95% CIs) of end-stage renal disease stratified by the cardiovascular health score at baseline

Cardiovascular health

score at baseline

10–14

(n=35 810) 5–9 (n=53 815) 0–4 (n=1818)

One score decrease

(n=91 443 )

p Value

for trend

n (%) 77 (0.22) 184 (0.34) 12 (0.66) 273 (0.30)

Cumulative incidence/1000 2.34 3.87 7.06 3.35

Model 1* 1 1.66 (1.26 to 2.19) 3.29 (1.78 to 6.10) 1.21 (1.14 to 1.29) <0.001

Model 2† 1 1.72 (1.30 to 2.27) 3.62 (1.93 to 6.79) 1.24 (1.16 to 1.32) <0.001

Model 3‡ 1 1.55 (1.17 to 2.04) 2.87 (1.53 to 5.39) 1.20 (1.13 to 1.28) <0.001

*Adjusted for age (years) and sex.
†Adjusted for as model 1 plus education level (elementary school, high school, college or above), income level (income >800 RMB/month,
income ≤800 RMB/month), alcohol consumption (never, past, current, <1 times/day or current, 1+ times/day) and C reactive protein blood
concentration (quartile).
‡Adjusted for as model 2 plus estimated glomerular filtration rate.
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Table 3 Incidence and HRs (95% CIs) of end-stage renal disease in different subgroups according to the baseline cardiovascular health score

10–14 (n=35 810) 5–9 (n=53 815) 0–4 (n=1818) One score decrease (n=91 443) p Value for trend p Interaction*

Sex 30 (0.43)

7.25

1.25 (0.71 to 2.20)

<0.001

Women, case number 29 (0.24) 59 (0.31)

Cumulative incidence/1000 2.60 3.34

HR‡ 1 1.19 (1.03 to 1.39) 0.017

Men, case number 48 (0.20) 155(0.33) 11 (0.63) 214 (0.29)

Cumulative incidence/1000 2.20 3.79 6.75 3.34

HR‡ 1 1.59 (1.15 to 2.22) 2.90 (1.48 to 5.69) 1.20 (1.12 to 1.29) <0.001

Age 2.20 3.79 6.75 3.34 <0.001

≤60 years, case number 62 (0.21) 150 (0.36) 11 (0.71) 223 (0.31)

Cumulative incidence/1000 2.35 4.12 7.70 3.51

HR‡ 1 1.50 (1.10 to 2.05) 2.79 (1.43 to 5.46) 1.19 (1.11 to 1.28) <0.001

>60 years, case number 15 (0.22) 35 (0.28) 50(0.26)

Cumulative incidence/1000 2.28 3.84 2.82

HR‡ 1 1.56 (0.90 to 2.72) 1.14 (0.71 to 1.87) 0.11

*p Value for interaction between studied factors and exposure status.
‡Adjusted for age (years), sex, education level (elementary school, high school or college or above), income level (income >800 RMB/month, income ≤800 RMB/month), alcohol consumption
(never, past, current, <1 times/day or current, 1+ times/d), C reactive protein blood concentration (quartile 1) and estimated glomerular filtration rate.

Table 4 HRs (95% CIs) of end-stage renal disease according to the baseline cardiovascular health score with one of its components removed

Total Women Men

Removed

component

HR (95% CI) for one score

decrease

p Value for

trend

HR (95% CI) for one score

decrease

p Value for

trend

HR (95% CI) for one score

decrease

p Value for

trend

Smoking* 1.21 (1.13 to 1.29) <0.001 1.21 (1.05 to 1.41) 0.008 1.20 (1.11 to 1.30) <0.001

Salt intake* 1.20 (1.13 to 1.29) <0.001 1.23 (1.06 to 1.43) 0.007 1.20 (1.11 to 1.29) <0.001

Physical exercise* 1.21 (1.14 to 1.29) <0.001 1.18 (1.02 to 1.37) 0.030 1.22 (1.13 to 1.31) <0.001

Total cholesterol* 1.24 (1.15 to 1.33) <0.001 1.14 (0.97 to 1.35) 0.121 1.26 (1.16 to 1.36) <0.001

Blood pressure* 1.18 (1.10 to 1.27) <0.001 1.20 (1.01 to 1.43) 0.034 1.18 (1.09 to 1.27) <0.001

Fasting blood

glucose*

1.15 (1.07 to 1.23) 0.001 1.11 (0.93 to 1.31) 0.246 1.15 (1.06 to 1.25) <0.001

Body mass index* 1.28 (1.19 to 1.37) <0.001 1.34 (1.14 to 1.59) <0.001 1.27 (1.17 to 1.37) <0.001

*Adjusted for age (years), sex, education level (elementary school, high school, college or above), income level (income >800 RMB/month, income ≤800 RMB/month), drinking (never, past,
current, <1 times/day or current, 1+ times/d), C reactive protein (quartile) and glomerular filtration rate.

6
Han

QL,etal.BM
J
Open

2016;6:e012486.doi:10.1136/bm
jopen-2016-012486

O
p
e
n
A
c
c
e
s
s



remaining CVH metric factors and incident ESRD was
attenuated after a single factor of the ideal cardiovascu-
lar health metrics was removed from the total score, the
association remained statistically significant. The results
indicated that each of the ideal health metric factors was
important.
There are limitations in our study. First, each cardio-

vascular health metric parameter had equal weight in
calculating the cardiovascular health score. It may have
oversimplified the relationship between cardiovascular
health score and ESRD. Second, we used self-reported
information on salt intake as a surrogate of diet without
measuring the 24 hours urinary excretion. For a sub-
group of the study population, however, we compared
the self-reported assessment of salt intake with the meas-
urement of 24 hours urinary excretion and found a sig-
nificant correlation between both parameters with a
regression coefficient of r=0.78. In addition, the main
limitation of the Kailuan cohort in that aspect was the
lack of sufficient dietary information in general for any
meaningful heart-healthy diets analysis, since sodium
intake was only one of the components for health diets.
Third, participants without creatinine measurements at
the first, second or third follow-up examination were
excluded from the study. This may have led to a bias in
the selection of study participants. Fourth, the Kailuan
Industrial Group is dominated by heavy industry, so
there were men than women included into the study
population. It was however, not the purpose of our study
to examine the prevalence of ESRD or other disorders
in the Chinese population but to explore associations
between cardiovascular health parameters and ESRD.
This weakness in the study design may therefore not
have markedly influenced the results and conclusions of
our study. Fifth, the Kailuan study cohort had a limited
sample size with respect to patients with ESRD and the
statistical power for a detailed stratified analysis was rela-
tively low. The strength of our study are that it was the
first investigation on a relationship between ideal cardio-
vascular health metrics and incident ESRD in a large
community-based population; and that it was the first to
assess all parameters of the ideal cardiovascular health
metrics and to include them into a multivariate analysis,
to reduce the risk of bias due to overlooked confound-
ing parameters.
In conclusion, a low cardiovascular health score sig-

nificantly increased the risk of incident ESRD. Since
factors related to the incidence of a disease may also
pathogenically be connected with the development of
the disorder, the findings of our study may also be inter-
esting for further elucidating the pathogenesis of CKD
and they may additionally be important from a public
health point.
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