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ABSTRACT
Objective Increasing number of clinical guidelines are 
adopting comprehensive cardiovascular risk assessment 
tools for treatment decision and disease management. 
Yet, little is known regarding cardiovascular risks 
associated with the length of favourable cardiometabolic 
profile. In this context, we examined whether the 
duration of strictly ideal cardiovascular health (CVH), 
based on body mass index, blood pressure, fasting 
glucose, total cholesterol, cigarette smoking, alcohol 
drinking and physical activity, in middle age is associated 
with risk of developing chronic kidney disease (CKD) and 
cardiovascular disease (CVD) in mid- to- late life.
Methods From the Korean Genome and Epidemiology 
Study Ansung- Ansan cohort, we included 8020 
participants (median age 50.0 years, 47.9% male), 
of whom, 7854 without CKD and 7796 without CVD 
at baseline. Cox proportional hazards models were 
employed to assess CKD and CVD risks, adjusting for 
age, sex, education level, examination sites and renal 
markers.
Results Over a median follow- up of 15.0 years, 
1401 cases of CKD and 493 cases of CVD were newly 
developed. Compared with participants with <5 
years of ideal CVH duration, HR (95% CI) of those 
who maintained for 5–<10 years or  ≥10 years had 
negatively graded risks for CKD (5–<10 years, 0.63 
(0.39 to 0.93); ≥10 years, 0.33 (0.15 to 0.74)) and CVD 
(5–<10 years, 0.83 (0.54 to 1.27); ≥10 years, 0.22 (0.08 
to 0.60)). In parallel, participants with delayed decline to 
suboptimal level had lower disease risks compared with 
counterparts with consistently suboptimal CVH.
Conclusion Our findings confer that maintaining 
favourable health behaviours and clinical risk factor 
levels in midlife will improve later- life cardiovascular 
outcomes.

INTRODUCTION
In 2010, the American Heart Association has 
released cardiovascular health (CVH) metrics called 
the ‘Life’s Simple 7’1 based on modifiable risk 
factors. Concordantly, international clinical guide-
lines2 3 have adopted and actively used atheroscle-
rotic cardiovascular disease (CVD) risk assessment 
algorithms that account for clinical and lifestyle 
risk factors. Such holistic tools are intended to 
aid surveillance and management of CVD, which 
remains the leading cause of mortality worldwide.4 
Beyond this, timely and sustained management 
is expected to curtail life- years lost, to improve 
quality of life and to conserve healthcare costs.5

Previous literature has demonstrated the indi-
vidual benefit of curbing obesity pandemic,6 blood 
pressure,7 cholesterol,8 and blood sugar9 lowering, 
smoking cessation,10 moderate alcohol consump-
tion11 and regular physical activity12 in the context 
of primary and secondary prevention of CVD. 
Recent observational studies have illustrated the 
association between a single- occasion CVH measure 
and subclinical atherosclerosis based on coronary 
artery calcium progression13 and cardiac troponin 
T reduction.14 However, growing evidence under-
scores the novelty of repeated measures to capture 
lifetime burden.15

Little is known on the risk magnitude associated 
with duration spent in ideal CVH in middle- age, 
Asian population. Age- adjusted CVD mortality has 
declined significantly in the high- income, western 
and Asia- Pacific regions over the past decades, but 
the decline has relatively plateaued in recent years.4 
Evaluating whether longer time spent in ideal CVH 
is associated with lower risk of target organ damage 
and cardiovascular events may improve the stagnant 
heart diseases hospitalisation and mortality rates.

In this context, we examined whether the dura-
tion of ideal CVH, based on body mass index, blood 
pressure, blood glucose, total cholesterol, cigarette 
smoking, alcohol drinking and physical activity, in 
middle age is associated with risk of developing 
chronic kidney disease (CKD) and CVD in mid- 
to- late life. To address this aim, we analysed data 
from the Korean Genome and Epidemiology Study 
(KoGES) Ansung- Ansan, an ongoing, prospective 
cohort in Republic of Korea.

METHODS
Study population
The KoGES consortium is a platform designated 
to investigate the genetic, social and environ-
mental aetiology of chronic diseases in Republic of 
Korea.16 It collected detailed information on demo-
graphics, lifestyle and healthcare utilisation and 
provided on- site anthropometric, blood and urine 
examinations.16

For this study, we selected the KoGES Ansung- 
Ansan, a community- based, prospective cohort in 
two suburban cities. Based on a two- stage cluster 
sampling recruitment, 10 030 participants, aged 
40–69 years, underwent baseline examination 
between 2001 and 2002. Onwards, seven follow- up 
examinations were conducted every 2 years until 
2015–2016. The KoGES Ansung- Ansan was admin-
istered, reviewed and approved by the Korea Center 
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for Disease Control and Prevention. The present study was 
approved by the Institutional Review Board of Yonsei University 
Health System (Y- 2020–0007). All participants provided written 
informed consent, and the study was conducted with strict 
adherence to the Strengthening the Reporting of Observational 
studies in Epidemiology (STROBE) guidelines.

Among the 10 030 participants, 912 participants who had 
not attended any follow- up examinations were excluded. Addi-
tionally, 1098 participants with incomplete CVH measurements 
were excluded (online supplementary table S1). Of the remaining 
8020 participants, 166 participants with CKD at baseline were 
excluded in the final analyses with CKD as the outcome; like-
wise, 224 participants with CVD at baseline were excluded with 
CVD as the outcome (online supplementary figures 1 and 2).

Ideal CVH duration
Each clinical and lifestyle CVH metric was assigned 0 (poor), 
1 (intermediate) or 2 (ideal) points to yield a composite CVH 
score for each examination (table 1). Scores of 0–7, 8–11 or 
12–14 points were regarded as having poor, intermediate or 
ideal CVH, respectively. The number of years lived in ideal 
CVH was calculated as a sum of duration with CVH score ≥12 
between each examination. If a participant had not attended a 
particular follow- up examination, the ideal duration was calcu-
lated based on the most recently attended examination prior to 
the absent one by linearly regressing the score—referred to as the 
regressed model (online supplementary figure S3). For example, 
if person B scored 14 (ideal) at the second follow- up, did not 
attend the third follow- up, and scored 11 (intermediate) at the 
fourth follow- up (60 months from the second follow- up), he/she 
would hypothetically maintain ideal CVH for 40 months since 
the second follow- up, which thereafter, the score deteriorates 
below the ideal threshold. For all follow- up examinations, there 
was no partially incomplete CVH measurement.

Outcomes
CKD was defined as having an estimated glomerular filtration 
rate (eGFR) <60 mL/min/1.73 m2 or self- reported diagnosis.17 
Urine albumin- to- creatinine ratio (UACR) was defined as the 
ratio of the urine albumin (mg/dL) to creatinine (g/dL) concen-
trations. CVD was defined based on a self- reported diagnosis for 
coronary artery disease, cerebrovascular disease or heart failure. 
If a participant had >1 different type of event, the first event of 
each type was counted as an outcome.

Statistical analyses
Baseline characteristics of the study participants were reported 
as frequency and percentage or mean and SD then compared 
across the duration lived in ideal CVH.

The HR and 95% CI associated with each ideal CVH duration 
category were calculated using Cox proportional hazards models 
with discrete time intervals. The end of observation was defined 
as the date of event, last follow- up or 31 December 2016, which-
ever came first. HRs were adjusted for age, sex, education level, 
examination site; baseline eGFR and UACR were addition-
ally adjusted with CKD as outcome. The proportional hazards 
assumption was not violated according to graphical inspection 
of log- minus- log plot and Schoenfeld residuals. Effect modifi-
cation by cross- categories of sex and age (ie, male <50 years, 
female ≥50 years) was assessed using multiplicative interaction 
terms.

As a secondary analysis, we examined whether different rates 
at which ideal CVH deteriorates to suboptimal (intermediate or 
poor) levels are associated with CKD and CVD risks. In reference 
to participants with persistently suboptimal CVH, we assessed 
the risk differences across participants with early, incremental 
or no decline to suboptimal state based on latent class trajectory 
modelling (online supplemental methods).

Seven sensitivity analyses were performed. First, we examined 
the association of maintaining individual ideal CVH component 
for ≥5 years with CKD and CVD alongside their precursors—
namely, hypertension, diabetes mellitus and hypercholestero-
laemia. Second, we excluded incidence during the first follow- up 
to account for potential risk carryover. Third, to account for 
varied follow- up duration among participants, we examined the 
effects of relative CVH duration on outcomes by dividing the 
number of years lived in ideal CVH by total follow- up duration. 
Fourth, we assessed risks assuming no changes in CVH scores 
for missing examinations, referred to as the stagnant model; 
here, the most recent score is carried over and maintained 
until the subsequent follow- up attendance. Fifth, due to known 
J- shaped associations of very low clinical risk factor levels with 
CVD and all- cause mortality,18–21 we further excluded partic-
ipants with (1) body mass index <18.5 kg/m2; (2) diastolic 
blood pressure <60 mm Hg; (3) low- density lipoprotein choles-
terol <25 mg/dL; or (4) fasting glucose <70 mg/dL. Sixth, we 
examined whether the association persists for eGFR decline by 
30% or greater from the baseline level in substitution for CKD. 
Lastly, we examined whether maintaining ideal or intermediate 
CVH (score ≥8) is also associated with CKD or CVD.

All statistical tests were two- sided, and statistical significance 
was set at a p value <0.05. All analyses were performed using 
R V.4.1.0 (R Foundation for Statistical Computing, Vienna, 
Austria) and SAS V.9.4 (SAS Institute).

Patient and public involvement
No participants were involved in design nor execution of the 
research. Results from the KoGES are publicly available through 

Table 1 Definition and scoring of cardiovascular health components

Metrics Poor (0 point) Intermediate (1 point) Ideal (2 points)

Cigarette smoking Current smoker Former smoker Never smoker

Alcohol drinking ≥3 drinks/week 1–2 drink(s)/week Non- drinker

Physical activity 0 min More than 0 min but less than the recommendations 75+ min of vigorous activity or
150+ min of moderate- to- vigorous activity

Body mass index ≥25 kg/m2 23–25 kg/m2 <23 kg/m2

Blood pressure SBP ≥140 mm Hg or DBP ≥90 mm Hg SBP 120–139 mm Hg,
DBP <90 mm Hg, or treated to ideal

<120/80 mm Hg (untreated)

Fasting plasma glucose ≥126 mg/dL 100–126 mg/dL or treated to ideal <100 mg/dL (untreated)

Total cholesterol ≥240 mg/dL 200–240 mg/dL or treated to ideal <200 mg/dL (untreated)

DBP, diastolic blood pressure; SBP, systolic blood pressure.
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the Korea Disease Control and Prevention Agency website and 
routinely disseminated in media outlets.

RESULTS
The study included 8020 participants (median age 50.0 years, 
47.9% male), of whom, 7854 without CKD and 7796 without 
CVD at baseline. Among them, 110 (1.4%) had zero ideal CVH 
components, followed by 497 (6.2%) with one, 1152 (14.4%) 
with two, 1864 (23.2%) with three, 2018 (25.2%) with four, 
1528 (19.1%) with five, 694 (8.7%) with six and 157 (2.0%) 
with seven ideal CVH components, respectively (online supple-
mentary table S2). Participants with greater number of ideal 
CVH components at baseline were distinguishably of female sex 
(p value for sex difference <0.0001; figure 1, online supplemen-
tary tables S2 and S3).

Overall, 7156 (89.2%) participants had less than 5 years of 
ideal CVH, 525 (6.5%) had 5– <10 years of ideal CVH, and 
339 (2.1%) had 10 or greater years of ideal CVH, respectively 
(table 2). Compared with participants with shorter ideal CVH 
duration, those who maintained ideal CVH for ≥10 years were 
more likely to be female, to attain high school degree, non- 
smokers and non- drinkers and less likely to have metabolic 
abnormalities.

During a median follow- up of 15.0 (25th–75th percentile, 
14.2–15.6; minimum–maximum, 1.6–15.6) years, 1401 CKD 
events occurred (online supplementary figure S4). CKD inci-
dence largely varied by the ideal number of clinical and lifestyle 
CVH components. Age- and sex- adjusted CKD incidence rates 
per 1000 person- years were 30.1 among participants with 0 vs 
10.6 with seven ideal CVH components at baseline.

During a median follow- up of 15.1 (25th–75th percentile, 
14.3–15.6; minimum–maximum, 1.7–15.6) years, 493 new 
CVD events occurred (online supplementary figure S5). Like-
wise, age- and sex- adjusted CVD incidence rates differed from 
6.5 among participants with 0–2.7 per 1000 person- years with 
seven ideal CVH components at baseline.

Figure 2 illustrates disease risks associated with ideal CVH 
duration. CKD event rates were incrementally lower by the 
longer duration lived with ideal CVH (less than 5 years, 19.0%; 
5– <10 years, 9.5%; ≥10 years, 6.9%). In fully adjusted model, 
5– <10 (HR 0.63 (95% CI 0.39 to 0.93)) and ≥10 years (HR 

Figure 1 Baseline number of ideal cardiovascular health (CVH) components by sex (left) and median age (right). The ideal level of each CVH 
component includes (1) never- smoking; (2) non- drinking; (3) ≥75 min of vigorous activity or  ≥150 min of moderate- to- vigorous activity per week; 
(4) body mass index <23 kg/m2; (5) untreated systolic blood pressure <120 mm Hg and diastolic blood pressure <80 mm Hg; (6) untreated total 
cholesterol <200 mg/dL; and (7) untreated fasting glucose <100 mg/dL. P value for sex or age difference in the distributions of ideal number of CVH 
components were obtained from χ2 test.

Table 2 Baseline characteristics by the duration lived in ideal 
cardiovascular health

Characteristics

Duration of ideal CVH,
n (%) of participants

≥10 years
(n=339)

5–10 years
(n=525)

<5 years
(n=7156)

Age, years 48.4±8.1 48.6±7.9 52.2±8.8

Male sex 51 (15.0) 82 (15.6) 3710 (51.8)

Attained high school degree 192 (56.6) 268 (51.1) 3209 (44.8)

BMI, kg/m2 21.8±2.1 22.5±2.2 24.9±3.1

Current smoker 9 (2.7) 20 (3.8) 1985 (27.7)

Current drinker 38 (11.2) 100 (19.1) 3739 (52.3)

MVPA 150+ min/week 181 (53.4) 331 (63.1) 4240 (59.3)

Systolic blood pressure, mm Hg 107.0±13.3 109.8±13.5 123.2±18.5

Diastolic blood pressure, mm Hg 70.8±9.1 73.0±9.6 81.7±11.6

Hypertension 16 (4.7) 42 (8.0) 2676 (37.4)

Total cholesterol, mg/dL 180.0±27.3 183.3±29.6 201.3±36.5

HDL cholesterol, mg/dL 53.3±11.6 51.9±11.3 49.1±11.7

Fasting glucose level, mg/dL 84.5±8.2 86.0±15.2 93.1±22.9

Diabetes mellitus 2 (0.6) 7 (1.3) 347 (4.9)

eGFR, mL/min/1.73 m2 98.7±15.1 97.9±15.0 92.7±15.3

Chronic kidney disease 3 (0.9) 7 (1.3) 156 (2.2)

Cardiovascular disease 5 (1.5) 2 (0.4) 217 (3.0)

  Coronary artery disease 2 (0.6) 1 (0.2) 125 (1.8)

  Cerebrovascular disease 4 (1.2) 1 (0.2) 86 (1.2)

  Heart failure 0 (0.0) 0 (0.0) 18 (0.3)

CVH score 12.0±1.6 11.6±1.6 8.4±2.3

CVH score category

  Ideal (12–14) 234 (69.0) 330 (62.9) 573 (8.0)

  Intermediate (8–11) 104 (30.7) 185 (35.2) 4182 (58.4)

  Poor (0–7) 1 (0.3) 10 (1.9) 2401 (33.6)

Values are presented as mean±standard deviation or number (%).
BMI, body mass index; CVD, cardiovascular disease; CVH, cardiovascular health; 
eGFR, estimated glomerular filtration rate; HDL, high- density lipoprotein; MVPA, 
moderate- to- vigorous physical activity.
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0.33 (95% CI 0.15 to 0.74)) lived in ideal CVH were associated 
with lower CKD risk in reference to <5 years of maintenance (p 
trend, 0.0057).

Similarly, CVD event rates were the highest among partici-
pants lived with <5 years of ideal CVH (6.7%), followed by 
5– <10 years (4.4%) and  ≥10 years (1.2%) groups. In reference 
to the <5 years group, participants lived with 5– <10 years of 
ideal CVH had lower CVD risk (HR 0.83 (95% CI 0.54 to 1.27)) 
yet without statistical significance. However, living in ideal CVH 
for ≥10 years was associated with significantly lower CVD risk 
(HR 0.22 (95% CI 0.08 to 0.60)). By CVD subtypes, longer ideal 
CVH duration was associated with significantly lower risk for 
coronary artery disease (5– <10 years: HR 0.42 (95% CI 0.20 to 
0.89), ≥10 years: HR 0.19 (95% CI 0.05 to 0.75)) and margin-
ally lower risk for cerebrovascular disease (p trend, 0.0514). No 
significant effect measure modification by sex and age group was 
observed.

SECONDARY ANALYSIS
As a proxy to duration, we explored whether different rates at 
which optimal (ideal) CVH deteriorates to suboptimal (interme-
diate or poor) CVH are also meaningfully associated with both 
outcomes (figure 3). Compared with participants who mostly 
remained in suboptimal CVH, those who gradually declined to 

suboptimal CVH category had lower risk for CKD (HR 0.69 
(95% CI 0.54 to 0.81)) and CVD (HR 0.65 (95% CI 0.51 to 
0.79)). The risks were exceptionally lower among participants 
who consistently maintained optimal CVH.

SENSITIVITY ANALYSES
We examined the association of maintaining ideal level of indi-
vidual clinical and lifestyle risk factors for ≥5 years with CKD 
and CVD, alongside their established precursors (online supple-
mentary table S4). In general, maintaining ideal clinical CVH 
for ≥5 years was consistently associated with lowered risks for 
all outcomes in reference to <5 years of maintenance. A notable 
exception was total cholesterol, which, alone, demonstrated no 
lowered effect on CKD (HR 0.94 (95% CI 0.79 to 1.13)) nor 
CVD (HR 1.01 (95% CI 0.84 to 1.22)).

After excluding events from the first follow- up, longer ideal 
CVH duration maintained negative associations with CKD (p 
trend, 0.0071) and CVD—specifically coronary artery disease 
(p trend, 0.0182) (online supplementary table S5). Furthermore, 
ideal CVH duration remained robustly associated with CKD and 
composite CVD events regardless of follow- up duration (online 
supplementary table S6).

Based on the stagnant model (online supplementary figure 
S6), no significant changes in the associations were observed 

Figure 2 Association of ideal cardiovascular health (CVH) duration and risk of chronic kidney disease and cardiovascular disease

Figure 3 Association of rate of cardiovascular health (CVH) change and risk of chronic kidney disease and cardiovascular disease.
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(online supplementary table S7) despite moderate left- skewing 
of the CVH scores. We also restricted the analyses to participants 
within normal or high clinical risk factors range (online supple-
mentary table S8). Notwithstanding blunted risk gradation, no 
significant changes were observed.

With 30% or greater eGFR decline as the outcome, the results 
were comparable to those of CKD (online supplementary table 
S9). Participants maintaining ideal CVH for 5– <10 years (HR 
0.87 (95% CI 0.76 to 1.05)) or ≥10 years (HR 0.66 (95% CI 
0.49 to 0.88)) had lower risk for adverse renal outcome.

We further expanded the analyses to more lenient definition 
of favourable CVH. Extending to ideal or intermediate level 
of CVH diminished the association strengths for all outcomes 
(online supplementary table S10). In reference to the <5 years 
group, those maintaining ideal or intermediate CVH for ≥10 
years had significantly lower risk for composite (HR 0.61 (95% 
CI 0.49 to 0.75)) and all subtypes of CVD. However, main-
taining ideal or intermediate CVH for 5– <10 years was not 
significantly associated with CKD nor CVD.

DISCUSSION
In this study of middle- aged Korean adults, longer duration 
spent in ideal CVH was associated with incrementally lower 
CKD and CVD risks over a median follow- up of 15.0 years. 
Our findings bolster the utility of repeated CVH assessments to 
be incorporated into clinical guidelines and public health poli-
cies in devising long- term cardiometabolic health management 
strategies.

Our findings are consistent with previous literature. In the 
Framingham Offspring Study, worsening CVH over 20 years 
was associated with adverse echocardiographic atherosclerotic 
measures.22 Similarly, in a Korean hospital- based cohort of low- 
risk adults, higher baseline CVH score was negatively associated 
with coronary artery calcium development and progression.13 
The maintenance of ideal CVH in midlife extends to favourable 
cardiovascular structure and function in later life. Compared 
with participants who had undergone ≥0.5 point/decade of CVH 
score increase, those with >1 point/decade decrease exhibited 
worse left ventricular structure, arterial function and myocardial 
stress.23 The benefits of sustained CVH are also projected to all 
CVD subtypes, regardless of age, sex, race and comorbidity.23 24 
However, the aforementioned studies had a number of differ-
ences compared with the present analysis: (1) the participants 
were predominantly of non- Hispanic white/black race22 23; (2) 
a considerable proportion already had atherosclerotic lesion13; 
(3) outcomes were assessed in late life22; (4) a high proportion of 
participants had pre- diabetes/diabetes24; and (5) a single or very 
few CVH scores were considered with limited follow- up dura-
tion.13 22 Considering the heterogeneous distributions of each 
CVH component across sociodemographics,25 the current study 
advances the prior work by demonstrating that long- term CVH 
is associated with CVD and its preceding target organ damage in 
a low- risk, community- dwelling population.

To consider cumulative CVH, the Framingham Offspring 
Study team has investigated the association between duration of 
fair CVH and cardiometabolic outcomes. Among 1445 partic-
ipants (mean age 60 years, 48% male), each 5- year duration 
with intermediate or ideal CVH was associated with lowered 
HRs (95% CIs) for CKD (0.75 (0.63 to 0.89)) and CVD (0.73 
(0.63 to 0.85))26—analogous to our supplementary analyses of 
combined ideal and intermediate categories. However, several 
differences should be noted. First, our study substituted the 
traditional Life Simple 7’s diet score with alcohol drinking, as 

a nationwide study27 has reported age- varying rate of excessive 
alcohol consumption. Importantly, our primary analysis quanti-
fied the benefits of strictly ideal CVH duration, as our partici-
pants had significantly lower prevalence of hypertension (37% 
vs 67%) and diabetes mellitus (5% vs 21%) than the Framingham 
Offspring cohort26 even in the shortest ideal CVH duration cate-
gory. Therefore, our results reflect promising cardiovascular 
outcomes in general population with predominantly low- to- 
moderate cardiometabolic risk. Regarding methodology, the 
aforementioned study26 calculated the duration by multiplying 
the number of examination cycles with available CVH score 
with mean interval (4 years) between follow- ups, whereas we 
summed the exact years between each examination. However, it 
remains undetermined whether deterioration or improvement in 
CVH can best be projected assuming linearity.

Nonetheless, our results illustrate how critical comprehen-
sive lifestyle modification and pharmacological interventions 
in midlife are. Indeed, the absence of risk factors at 50 years 
of age was associated with very low lifetime CVD risk, longer 
survival and improved physical, mental and social functioning in 
older age.15 Beyond, prolongation of ideal CVH deems essential. 
Whereas maintaining ideal CVH for ≥5 years was associated 
with lower CKD risk, a brief maintenance was not meaningful. 
In light of these findings, public health programmes should aim 
to deter risk factor manifestation and progression earlier in life.

A major strength of our investigation was repeated assess-
ments of CVH in general population. However, several limita-
tions should be noted. Due to the nature of CVH scoring 
system, we were unable to pinpoint specific CVH component 
attributable for varied risks. As a previous study28 reported 
age- varying effects of CVD risk factors in both independent 
and interactive manner, a larger study is needed to adequately 
assess differential contributions of each component. As an 
observational study, we were unable to calculate absolute risk 
reduction from ideal CVH maintenance. Pragmatic trials may 
adequately yield real- world benefits of sustained CVH. Lastly, 
our findings may not be generalisable to populations with 
different age or race structure. Considering the geographic 

Key messages

What is already known on this subject?
 ► Single- occasion cardiovascular health (CVH) index is 
associated with subclinical atherosclerosis.

What might this study add?
 ► Prolonged duration, but not brief maintenance, of ideal CVH 
is associated with lowered risks of chronic kidney disease 
and cardiovascular disease in healthy, middle- age, Korean 
population.

 ► Routine CVH assessments and sustained lifestyle and 
pharmacological interventions in midlife can lower mid- to- 
late life cardiovascular risk.

How might this impact on clinical practice?
 ► Nationwide public health programmes should widen the 
opportunity window for early diagnosis across all age spectra.

 ► Health practitioners should actively cooperate with patients 
to evaluate their circumstances for lifestyle and treatment 
modifications, to identify potential barriers, to implement 
measurable goals and to monitor their progress throughout 
lifetime.
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and racial/ethnic variations in CVH management status, 
population- specific metrics and cut- offs should be developed 
and validated.

In summary, our findings suggest that longer maintenance of 
ideal CVH in midlife is associated with lower CKD and CVD 
risks in mid- to- late life. Nationwide public health programmes 
should widen the opportunity window for early diagnosis across 
all age spectra. In healthcare settings, practitioners should 
actively cooperate with patients to evaluate their circumstances 
for lifestyle modifications, to identify potential barriers, to 
implement measurable goals and to monitor their progress.
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Supplemental Methods 

To examine whether different rates of cardiovascular health (CVH) decline are associated 

with chronic kidney disease and cardiovascular risks, latent class trajectory was modeled 

using the SAS procedure PROC TRAJ.1 Based on the previous literature,2 we identified 

distinct patterns of CVH change based on 1) the Bayesian information criterion; 2) the 

average posterior predictive probability of group membership after 20 multiple imputations; 

and 3) modification of number of clusters from 3 to 5 with various combinations of 

polynomial functions (linear, quadratic, and tertiary). Specifically, trajectories were largely 

characterized as 1) having consistently suboptimal (intermediate or poor category) CVH; 2) 

early decline to suboptimal CVH; 3) gradual decline to suboptimal CVH; and 4) consistently 

optimal (ideal) CVH. 

After confirming the satisfaction of proportional hazards assumption, we set the 

trajectory group membership as an independent variable in multivariate Cox hazards 

regression model. The final model was adjusted for baseline age, sex, examination site, and 

education level; we additionally adjusted for baseline estimated glomerular filtration rate and 

urine albumin-to-creatinine ratio for chronic kidney disease as an outcome. Model calibration 

was ensured based on the Hosmer-Lemeshow goodness-of-fit statistics. 
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Table S1. Comparison of baseline characteristics between included versus excluded participants 

Characteristic 

Included 

(n=8,020) 

Excluded 

(n=1,098) 
p-value 

Male sex 3,843 (47.92) 493 (44.90) 0.0604  

Age, year 51.83±8.82 55.86±8.76 <0.0001 

Attained high school degree 3,669 (45.75) 255 (23.22) <0.0001 

Body mass index, kg/m2 24.61±3.14 24.41±3.18 0.0422  

Current smoker 2,014 (25.11) 275 (27.98) 0.3616  

Current drinker 3,877 (48.34) 410 (40.39) <0.0001 

MVPA 150+ min/week 4,752 (59.25) 558 (71.81) <0.0001 

Systolic blood pressure, mm Hg 121.65±18.58 126.21±18.33 <0.0001 

Diastolic blood pressure, mm Hg 80.64±11.74 81.19±11.08 0.1388  

Hypertension 2,734 (34.09) 244 (44.77) <0.0001 

Total cholesterol, mg/dL 199.21±36.20 192.08±37.27 <0.0001 

HDL cholesterol, mg/dL 49.43±11.72 49.71±12.19 0.4689  

Fasting glucose level, mg/dL 92.30±22.21 91.30±19.25 0.2119  

Diabetes mellitus 356 (4.44) 21 (7.42) 0.0546  

eGFR, ml/min/1.73m2 93.30±15.35 94.34±14.29 0.0340  

Chronic kidney disease 166 (2.07) 25 (2.28) 0.6470  

Cardiovascular disease 224 (2.79) 42 (3.83) 0.0567  

   Coronary artery disease 128 (1.60) 22 (2.01) 0.3182  

   Cerebrovascular disease 91 (1.14) 15 (1.37) 0.5010  

   Heart failure 18 (0.22) 5 (0.46) 0.1522  
*Values are presented as mean±standard deviation or number (%). 

Abbreviations: eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; MVPA, moderate-to-vigorous physical activity 
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Table S2. Baseline characteristics of participants according to the number of ideal cardiovascular health components 

Characteristic 

Number of ideal cardiovascular health components 

0 

n=110 

1 

n=497 

2 

n=1,152 

3 

n=1,864 

4 

n=2,018 

5 

n=1,528 

6 

n=694 

7 

n=157 

Age, years 50.1±8.4 49.7±7.9 51.5±8.4 52.6±8.9 52.9±9.0 51.6±8.9 50.2±8.9 49.3±8.3 

Male sex 107 (97.3) 462 (93.0) 892 (77.4) 1,097 (58.9) 812 (40.2) 361 (23.6) 96 (13.8) 16 (10.2) 

Attained high school degree 83 (75.5) 336 (67.6) 618 (53.7) 874 (46.9) 779 (38.6) 603 (39.5) 303 (43.7) 73 (46.5) 

Body mass index, kg/m2 26.5±2.5 26.2±2.4 25.7±2.7 25.2±3.0 24.6±3.2 23.8±3.1 22.4±2.6 21.1±1.5 

Triglyceride, mg/dL 269.7±194.5 219.3±148.9 193.0±138.0 164.6±112.4 138.3±79.3 121.5±73.3 104.7±63.6 94.8±44.6 

HDL-cholesterol, mg/dL 45.8±8.00 46.5±9.9 47.6±11.4 49.2±12.1 49.9±11.9 50.2±11.8 52.0±11.4 51.6±10.6 

eGFR, ml/min/1.73m2 88.1±14.9 88.9±14.9 90.1±15.1 91.7±15.3 93.8±15.4 96.0±15.2 98.1±14.0 99.8±14.4 

Cigarette smoking status         

   Never smoker 0 (0.0) 31 (6.2) 294 (25.5) 911 (48.9) 1,389 (68.8) 1,285 (84.1) 655 (94.4) 157 (100.0) 

   Former smoker 52 (47.3) 193 (38.8) 356 (30.9) 368 (19.7) 236 (11.7) 71 (4.7) 8 (1.2) 0 (0.0) 

   Current smoker 58 (52.7) 273 (54.9) 502 (43.6) 585 (31.4) 393 (19.5) 172 (11.3) 31 (4.5) 0 (0.0) 

Alcohol drinking status         

   Non-drinker 0 (0.0) 10 (2.0) 143 (12.4) 583 (31.3) 1,050 (52.0) 1,096 (71.7) 609 (87.8) 157 (100.0) 

   Former drinker 13 (11.8) 40 (8.1) 133 (11.6) 145 (7.8) 106 (5.3) 52 (3.4) 6 (0.9) 0 (0.0) 

   Current drinker 97 (88.2) 447 (89.9) 876 (76.0) 1,136 (60.9) 862 (42.7) 380 (24.9) 79 (11.4) 0 (0.0) 

Physical activity         

   75+ min of vigorous 

   or 150+ min of 

   moderate activity 

0 (0.0) 112 (22.5) 498 (43.2) 1,017 (54.6) 1,333 (66.1) 1,090 (71.3) 545 (78.5) 157 (100.0) 

   More than 0 min 

   but less than 

   the recommendation 

26 (23.6) 86 (17.3) 165 (14.3) 177 (9.5) 145 (7.2) 82 (5.4) 35 (5.0) 0 (0.0) 

   0 minutes 84 (76.4) 299 (60.2) 489 (42.5) 670 (35.9) 540 (26.8) 356 (23.3) 114 (16.4) 0 (0.0) 

Body mass index, kg/m2         

   <23 0 (0.0) 16 (3.2) 139 (12.1) 379 (20.3) 602 (29.8) 665 (43.5) 498 (71.8) 157 (100.0) 

   23-24.9 34 (30.9) 153 (30.8) 341 (29.6) 542 (29.1) 567 (28.1) 368 (24.1) 105 (15.1) 0 (0.0) 

   ≥25 76 (69.1) 328 (66.0) 672 (58.3) 943 (50.6) 849 (42.1) 495 (32.4) 91 (13.1) 0 (0.0) 

Total cholesterol, mg/dL         

   <200 (Untreated) 0 (0.0) 51 (10.3) 292 (25.4) 802 (43.0) 1,131 (56.1) 1,168 (76.4) 632 (91.1) 157 (100.0) 

   200-239 or treated to ideal 62 (56.4) 308 (62.0) 594 (51.6) 722 (38.7) 671 (33.3) 287 (18.8) 54 (7.8) 0 (0.0) 
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   ≥240 48 (43.6) 138 (27.8) 266 (23.1) 340 (18.2) 216 (10.7) 73 (4.8) 8 (1.2) 0 (0.0) 

Blood pressure, mmHg         

   <120/80 (Untreated) 0 (0.0) 33 (6.6) 159 (13.8) 375 (20.1) 693 (34.3) 852 (55.8) 540 (77.8) 157 (100.0) 

   SBP 120-139 or 

DBP <90 or 

   treated to ideal 

60 (54.6) 312 (62.8) 663 (57.6) 1,025 (55.0) 880 (43.6) 468 (30.6) 111 (16.0) 0 (0.0) 

   SBP ≥140 or DBP ≥90 50 (45.5) 152 (30.6) 330 (28.7) 464 (24.9) 445 (22.1) 208 (13.6) 43 (6.2) 0 (0.0) 

Fasting glucose, mg/dL         

   <100 (Untreated) 0 (0.0) 244 (49.1) 779 (67.6) 1,525 (81.8) 1,874 (92.9) 1,484 (97.1) 685 (98.7) 157 (100.0) 

   100-125 or treated to ideal 77 (70.0) 184 (37.0) 270 (23.4) 253 (13.6) 104 (5.2) 33 (2.2) 4 (0.6) 0 (0.0) 

   ≥126 33 (30.0) 69 (13.9) 103 (8.9) 86 (4.6) 40 (2.0) 11 (0.7) 5 (0.7) 0 (0.0) 
*Values are presented as mean±standard deviation or number (%). 

†Abbreviations: DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; SBP, systolic blood pressure
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Table S3. Baseline characteristics of study participants by sex 

Characteristic 
Male 

(n=3,843) 

Female 

(n=4,177) 

Age, year 51.3±8.6 52.3±9.0 

Attained high school degree 1,555 (40.5) 1,381 (33.1) 

Body mass index, kg/m2 24.3±2.9 24.9±3.3 

Current smoker 1,856 (48.3) 158 (3.8) 

Current drinker 2,754 (71.7) 1,123 (26.9) 

MVPA 150+ min/week 2,331 (60.7) 2,421 (58.0) 

Systolic blood pressure, mmHg 122.3±17.1 121.1±19.9 

Diastolic blood pressure, mmHg 82.3±11.2 79.1±12.0 

Hypertension 1,374 (35.8) 1,360 (32.6) 

Total cholesterol, mg/dL 199.3±36.2 199.2±36.3 

HDL cholesterol, mg/dL 47.5±11.4 51.2±11.8 

Fasting blood glucose level, mg/dL 94.8±24.5 90.0±19.6 

Diabetes mellitus 212 (5.5) 144 (3.5) 

eGFR, ml/min/1.73m2 91.0±14.5 95.5±15.8 

Chronic kidney disease 70 (1.8) 96 (2.3) 

Cardiovascular disease 124 (3.2) 100 (2.4) 

   Coronary artery disease 74 (1.9) 54 (1.3) 

   Cerebrovascular disease 50 (1.3) 41 (1.0) 

   Heart failure 9 (0.2) 9 (0.2) 

Cardiovascular health score category   

   Ideal (12-14) 164 (4.3) 973 (23.3) 

   Intermediate (8-11) 1,870 (48.7) 2,601 (62.3) 

   Poor (0-7) 1,809 (47.1) 603 (14.4) 

Cardiovascular health score (%)   

   0 points 1 (0.0) 1 (0.0) 

   1 point 15 (0.4) 0 (0.0) 

   2 points 29 (0.8) 2 (0.1) 

   3 points 93 (2.4) 9 (0.2) 

   4 points 209 (5.4) 30 (0.7) 

   5 points 335 (8.7) 78 (1.9) 

   6 points 485 (12.6) 184 (4.4) 

   7 points 642 (16.1) 299 (7.2) 

   8 points 650 (16.9) 475 (11.4) 

   9 points 579 (15.1) 641 (15.4) 

   10 points 409 (10.6) 760 (18.2) 

   11 points 232 (6.0) 725 (17.4) 

   12 points 113 (2.9) 544 (13.0) 

   13 points 35 (0.9) 288 (6.9) 

   14 points 16 (0.4) 141 (3.4) 
*Values are presented as mean±standard deviation or number (%). 
†Abbreviations: eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; MVPA, moderate-

to-vigorous physical activity 
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Table S4. Association of maintaining ideal cardiovascular health components for 5 years or longer with risk of developing hypertension, diabetes mellitus, 

hypercholesterolemia, chronic kidney disease, or cardiovascular disease on follow-up 

Outcome No. of Events/No. at Risk (%) Ideal CVH component HR (95% CI) p-value 
‡Hypertension     

 2,072/5,286 (39.20) Cigarette smoking 1.00 (0.87-1.15) 0.9889 
 Physical activity 0.96 (0.88-1.05) 0.3435 
 Alcohol drinking 0.96 (0.87-1.07) 0.4824 
 Body mass index 0.67 (0.61-0.73) <0.0001 
 Blood pressure 0.16 (0.14-0.18) <0.0001 
 Fasting glucose 0.87 (0.77-0.97) 0.0121 
 Total cholesterol 0.98 (0.89-1.07) 0.6327 
§Diabetes mellitus     

 796/7,664 (10.39) Cigarette smoking 0.88 (0.71-1.08) 0.2133 
 Physical activity 1.00 (0.86-1.15) 0.9713 
 Alcohol drinking 1.07 (0.90-1.28) 0.4326 
 Body mass index 0.54 (0.46-0.65) <0.0001 
 Blood pressure 0.57 (0.48-0.68) <0.0001 
 Fasting glucose 0.13 (0.11-0.16) <0.0001 
 Total cholesterol 1.04 (0.90-1.20) 0.6059 
¶Hypercholesterolemia     

 1,902/6,919 (27.49) Cigarette smoking 1.07 (0.92-1.25) 0.3750 
 Physical activity 1.05 (0.95-1.15) 0.3346 
 Alcohol drinking 1.24 (1.11-1.39) 0.0001 
 Body mass index 0.83 (0.75-0.91) 0.0001 
 Blood pressure 0.78 (0.71-0.86) <0.0001 
 Fasting glucose 0.89 (0.79-0.99) 0.0455 
 Total cholesterol 0.28 (0.25-0.31) <0.0001 
#Chronic kidney disease     

 1,401/7,854 (17.84) Cigarette smoking 1.04 (0.78-1.39) 0.7995 
 Physical activity 1.29 (1.07-1.56) 0.0069 
 Alcohol drinking 1.12 (0.89-1.42) 0.3433 
 Body mass index 0.73 (0.60-0.89) 0.0021 
 Blood pressure 0.72 (0.59-0.88) 0.0016 
 Fasting glucose 0.73 (0.59-0.90) 0.0037 
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 Total cholesterol 0.94 (0.79-1.13) 0.5304 
**Cardiovascular disease     

 493/7,796 (6.32) Cigarette smoking 0.79 (0.60-1.03) 0.0835 
 Physical activity 1.02 (0.84-1.22) 0.8730 
 Alcohol drinking 1.25 (1.00-1.56) 0.0490 
 Body mass index 0.66 (0.54-0.80) <0.0001 
 Blood pressure 0.59 (0.48-0.72) <0.0001 
 Fasting glucose 0.70 (0.57-0.86) 0.0007 

  Total cholesterol 1.01 (0.84-1.22) 0.9218 
*The HRs are in reference to participants with less than 5 years of ideal CVH components. 
†All models are adjusted for age, sex, education level, and examination site. 
‡Additionally adjusted for baseline SBP and DBP 
§Additionally adjusted for baseline fasting glucose 
¶Additionally adjusted for baseline total cholesterol 
#Additionally adjusted for baseline eGFR and UACR 
**First cardiovascular disease event: coronary artery disease, cerebrovascular disease, or heart failure 
††Abbreviations: CI, confidence interval; CKD, chronic kidney disease; CVH, cardiovascular health; DBP, diastolic blood pressure; eGFR, estimated glomerular 

filtration rate; HR, hazard ratio; SBP, systolic blood pressure; UACR, urine albumin-to-creatinine ratio 
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Table S5. Association of maintaining ideal cardiovascular health with risk of developing chronic kidney disease or cardiovascular disease on follow-up, 

excluding incidence during the first follow-up wave 

Outcome Ideal CVH Duration No. of Events/No. at Risk (%) HR (95% CI) P trend 

†Chronic kidney disease 

<5 years 1,255/7,000 (17.93) 1.00 Reference 

0.0071 5 to 10 years 47/518 (9.07) 0.67 (0.41-0.98) 

≥10 years 21/336 (6.25) 0.29 (0.12-0.71) 
     

‡Cardiovascular disease 

<5 years 404/6,939 (5.82) 1.00 Reference 

0.0245 5 to 10 years 20/523 (3.82) 0.85 (0.54-1.35) 

≥10 years 4/334 (1.20) 0.26 (0.10-0.70)      

   Coronary artery disease 

<5 years 229/7,031 (3.26) 1.00 Reference 

0.0182 5 to 10 years 6/524 (1.15) 0.44 (0.19-0.99) 

≥10 years 2/337 (0.59) 0.23 (0.06-0.92)      

   Cerebrovascular disease 

<5 years 193/7,070 (2.73) 1.00 Reference 

0.2302 5 to 10 years 14/524 (2.67) 1.41 (0.81-2.45) 

≥10 years 2/335 (0.60) 0.31 (0.08-1.25) 
     

   Heart failure 

<5 years 8/6,939 (0.12) 1.00 Reference 

0.8010 5 to 10 years 1/523 (0.19) 1.32 (0.16-11.04) 

≥10 years 0/334 (0.0) N/A 
*All models adjusted for age, sex, education level, and examination site. 
†Additionally adjusted for baseline estimated glomerular filtration rate and urine albumin-to-creatinine ratio 
‡First cardiovascular disease event: coronary artery disease, cerebrovascular disease, or heart failure 
§Abbreviations: CI, confidence interval; CVH, cardiovascular health; HR, hazard ratio 
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Table S6. Association of relative ideal cardiovascular health duration with risk of developing chronic kidney disease or cardiovascular disease on follow-up 

Outcome *Relative Ideal CVH Duration No. of Events/No. at Risk (%) HR (95% CI) P trend 

‡Chronic kidney disease 

<33.33% 1,329/7,000 (18.99) 1.00 Reference 

0.0045 33.34% to 66.67% 46/490 (9.39) 0.68 (0.42-1.11) 

≥66.67% 26/364 (7.14) 0.30 (0.13-0.66) 
     

§Cardiovascular disease 

<33.33% 466/6,939 (6.72) 1.00 Reference 

0.0092 33.34% to 66.67% 22/494 (4.45) 0.83 (0.54-1.27) 

≥66.67% 5/363 (1.38) 0.26 (0.11-0.64) 
     

   Coronary artery disease 

<33.33% 266/6,939 (3.83) 1.00 Reference 

0.0056 33.34% to 66.67% 7/494 (1.42) 0.44 (0.20-0.93) 

≥66.67% 2/363 (0.55) 0.18 (0.04-0.71) 
     

   Cerebrovascular disease 

<33.33% 210/6,939 (3.03) 1.00 Reference 

0.1259 33.34% to 66.67% 15/494 (3.04) 1.38 (0.81-2.36) 

≥66.67% 3/363 (0.83) 0.39 (0.13-1.24) 
     

   Heart failure 

<33.33% 9/6,939 (0.13) 1.00 Reference 

0.9693 33.34% to 66.67% 1/494 (0.20) 1.31 (0.16-10.82) 

≥66.67% 0/363 (0.0) N/A 
*Relative CVH duration is calculated as years live in ideal CVH divided by total follow-up years. 
┼All models adjusted for age, sex, education level, and examination site. 
‡Additionally adjusted for baseline estimated glomerular filtration rate and urine albumin-to-creatinine ratio.  

§First cardiovascular disease event: coronary artery disease, cerebrovascular disease, or heart failure   

Abbreviations: CI, confidence interval; CVH, cardiovascular health; HR, hazard ratio   
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Table S7. Association of maintaining ideal cardiovascular health with risk of developing chronic kidney disease or cardiovascular disease on follow-up 

based on the stagnant model 

Outcome Ideal CVH Duration No. of Events/No. at Risk (%) HR (95% CI) P trend 

†Chronic kidney disease 

<5 years 1,298/6,819 (19.04) 1.00 Reference 

0.0027 5 to 10 years 70/651 (10.75) 0.68 (0.42-0.87) 

≥10 years 33/384 (4.82) 0.24 (0.07-0.69) 
     

‡Cardiovascular disease 

<5 years 460/6,830 (6.73) 1.00 Reference 

0.0108 5 to 10 years 28/595 (4.71) 0.85 (0.57-1.22) 

≥10 years 5/371 (1.35) 0.26 (0.09-0.58)      

   Coronary artery disease 

<5 years 260/6,830 (3.82) 1.00 Reference 

0.0402 5 to 10 years 11/595 (1.85) 0.48 (0.23-0.88) 

≥10 years 3/371 (0.81) 0.23 (0.08-0.73)      

   Cerebrovascular disease 

<5 years 210/6,830 (3.07) 1.00 Reference 

0.0387 5 to 10 years 17/595 (2.86) 0.96 (0.38-1.81) 

≥10 years 2/371 (0.54) 0.24 (0.01-1.03) 
     

   Heart failure 

<5 years 9/6,830 (0.13) 1.00 Reference 

0.9657 5 to 10 years 1/595 (0.17) 1.04 (0.07-9.63) 

≥10 years 0/371 (0.0) N/A 
*All models adjusted for age, sex, education level, and examination site. 
†Additionally adjusted for baseline estimated glomerular filtration rate and urine albumin-to-creatinine ratio 
‡First cardiovascular disease event: coronary artery disease, cerebrovascular disease, or heart failure 
§Abbreviations: CI, confidence interval; CVH, cardiovascular health; HR, hazard ratio  

 

 

 

 

 

 

 

 

 

 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Heart

 doi: 10.1136/heartjnl-2021-320180–6.:10 2021;Heart, et al. Cho SMJ



Table S8. Association of maintaining ideal cardiovascular health with risk of developing chronic kidney disease or cardiovascular disease on follow-up, 

excluding participants with very low clinical risk factor levels 

Outcome Ideal CVH Duration No. of Events/No. at Risk (%) HR (95% CI) P trend 

†Chronic kidney disease 

<5 years 1,246/6,565 (18.98) 1.00 Reference 

0.0068 5 to 10 years 42/476 (8.82) 0.61 (0.34-0.96) 

≥10 years 20/296 (6.76) 0.36 (0.16-0.80) 
     

‡Cardiovascular disease 

<5 years 437/6,503 (6.72) 1.00 Reference 

0.0106 5 to 10 years 20/480 (4.17) 0.81 (0.51-1.24) 

≥10 years 4/294 (1.36) 0.25 (0.09-0.64)      

   Coronary artery disease 

<5 years 253/6,503 (3.89) 1.00 Reference 

0.0042 5 to 10 years 5/480 (1.04) 0.32 (0.13-0.78) 

≥10 years 2/294 (0.68) 0.21 (0.05-0.84)      

   Cerebrovascular disease 

<5 years 191/6,503 (2.94) 1.00 Reference 

0.0812 5 to 10 years 15/480 (3.13) 1.51 (0.88-2.59) 

≥10 years 2/294 (0.68) 0.32 (0.08-1.30)      

   Heart failure 

<5 years 8/6,503 (0.12) 1.00 Reference 

N/A 5 to 10 years 0/480 (0.0) N/A 

≥10 years 0/294 (0.0) N/A 
*All models adjusted for age, sex, education level, and examination site. 
†Additionally adjusted for baseline estimated glomerular filtration rate and urine albumin-to-creatinine ratio 
‡First cardiovascular disease event: coronary artery disease, cerebrovascular disease, or heart failure 
§Very low clinical CVH risk factor levels include body mass index <18.5 kg/m2, low-density lipoprotein cholesterol <25 mg/dL, diastolic blood pressure <60 mm- 

Hg, or fasting glucose <70 mg/dL. 
¶Abbreviations: CI, confidence interval; CVH, cardiovascular health; HR, hazard ratio 
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Table S9. Association of maintaining ideal cardiovascular health with risk of estimated glomerular filtration rate decline by 30% or greater on follow-up 

Outcome Ideal CVH Duration No. of Events/No. at Risk (%) HR (95% CI) P trend 

eGFR decline 

<5 years 2,564/7,000 (36.63) 1.00 Reference 
0.0478 ≥5 years 365/854 (42.74) 0.85 (0.72-0.98) 

    

<10 years 2,796/7,504 (37.26) 1.00 Reference 
0.0049 ≥10 years 133/350 (38.00) 0.66 (0.50-0.88) 

    

<5 years 2,564/7,000 (36.63) 1.00 Reference 

0.0170 5 to 10 years 239/518 (46.14) 0.87 (0.76-1.05) 

≥10 years 126/336 (37.50) 0.66 (0.49-0.88) 
*The models adjusted for age, sex, education level, examination site, and baseline eGFR and UACR. 
†Abbreviations: CI, confidence interval; CVH, cardiovascular health; eGFR, estimated glomerular filtration rate; HR, hazard ratio; UACR, urine albumin-to-creatinine-

ratio 
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Table S10. Association of maintaining ideal or intermediate cardiovascular health with risk of developing chronic kidney disease or cardiovascular disease 

on follow-up 

Outcome Ideal CVH Duration No. of Events/No. at Risk (%) HR (95% CI) P trend 

†Chronic kidney disease 

<5 years 413/2,285 (18.07) 1.00 Reference 

0.0001 5 to 10 years 319/1,348 (23.66) 1.16 (0.91-1.48) 

≥10 years 669/4,221 (15.85) 0.73 (0.58-0.91) 
     

‡Cardiovascular disease 

<5 years 181/2,265 (7.99) 1.00 Reference 

<0.0001 5 to 10 years 114/1,344 (8.48) 1.06 (0.83-1.34) 

≥10 years 198/4,187 (4.73) 0.61 (0.49-0.75)      

   Coronary artery disease 

<5 years 68/2,323 (2.93) 1.00 Reference 

0.0082 5 to 10 years 47/1,369 (3.43) 0.89 (0.78-1.07) 

≥10 years 104/4,265 (2.44) 0.74 (0.61-0.97)      

   Cerebrovascular disease 

<5 years 99/2,321 (4.27) 1.00 Reference 

0.0702 5 to 10 years 48/1,363 (3.52) 0.83 (0.59-1.18) 

≥10 years 88/4,245 (2.07) 0.53 (0.39-0.72) 
     

   Heart failure 

<5 years 6/2,340 (0.26) 1.00 Reference 

0.0264 5 to 10 years 4/1,378 (0.29) 0.82 (0.22-3.01) 

≥10 years 2/4,248 (0.05) 0.11 (0.02-0.58) 
*All models adjusted for age, sex, education level, and examination site. 
†Additionally adjusted for baseline estimated glomerular filtration rate and urine albumin-to-creatinine ratio 
‡First cardiovascular disease event: coronary artery disease, cerebrovascular disease, or heart failure 
§Abbreviations: CI, confidence interval; CVH, cardiovascular health; HR, hazard ratio 
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Figure S1. Derivation of study population  
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Figure S2. Attendance at baseline and follow-up examinations among participants without (top) chronic kidney disease or (bottom) 

cardiovascular disease at baseline. 
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Figure S4. Age- and sex-adjusted chronic kidney disease incidence by the number of ideal 

cardiovascular health components 

Abbreviation: CVH, cardiovascular health 
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Figure S5. Age- and sex-adjusted cardiovascular disease incidence by the number of ideal 

cardiovascular health components 

Abbreviation: CVH, cardiovascular health
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Figure S6. Example of ideal cardiovascular health duration calculation based on the stagnant model 

Blue line highlights the duration lived with ideal CVH. 

Abbreviation: CVH, cardiovascular health

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Heart

 doi: 10.1136/heartjnl-2021-320180–6.:10 2021;Heart, et al. Cho SMJ


	Ideal cardiovascular health duration and risk of chronic kidney disease and cardiovascular disease
	Abstract
	Introduction
	Methods
	Study population
	Ideal CVH duration
	Outcomes
	Statistical analyses
	Patient and public involvement

	Results
	Secondary analysis
	Sensitivity analyses
	Discussion
	References


