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Abstract

Background There is a lack of relevant studies evaluating the long-term impact of cardiovascular health factor (CVH)
metrics on chronic kidney disease (CKD).

Objective This study investigates the long-term change in CVH metrics in older people and explores the relationship
between CVH metrics trajectory and CKD.

Methods In total, 27,635 older people aged over 60 from the community-based Tianjin Chronic Kidney Disease
Cohort study were enrolled. The participants completed five annual physical examinations between January 01, 2014,
and December 31,2018, and a subsequent follow-up between January 01, 2019, and December 31, 2021. CVH metrics
trajectories were established by the group-based trajectory model to predict CKD risk. The relationships between
baseline CVH, CVH change (ACVH), and CKD risk were also explored by logistic regression and restricted cubic spline
regression model. In addition, likelihood ratio tests were used to compare the goodness of fit of the different models.

Results Six distinct CVH metrics trajectories were identified among the participants: low-stable (11.19%), low-
medium-stable (30.58%), medium-stable (30.54%), medium-high-decreased (5.46%), medium-high-stable (18.93%),
and high-stable (3.25%). After adjustment for potential confounders, higher CVH metrics trajectory was associated
with decreased risk of CKD (P for trend <0.001). Comparing the high-stable with the low-stable group, the risk of CKD
decreased by 46%. All sensitivity analyses, including adjusting for baseline CVH and removing each CVH component
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people.

Prospective cohort study

from the total CVH, produced consistent results. Furthermore, the likelihood ratio test revealed that the model
established by the CVH trajectory fit better than the baseline CVH and A CVH.

Conclusion The higher CVH metrics trajectory and improvement of CVH metrics were associated with decreased
risk of CKD. This study emphasized the importance of improving CVH to achieve primary prevention of CKD in older

Keywords Cardiovascular health metrics, Chronic kidney disease, Older people, Group-based trajectory model,

Introduction

The estimated prevalence of chronic kidney disease
(CKD) is 13.4% (11.7-15.1%) of the global population
[1]. The incidence of CKD increases with age as the esti-
mated glomerular filtration rate (eGFR), used to assess
renal function, declines in parallel with age [2]. In the
study by Wang et al. [3], the prevalence of CKD in China
and the United States was 34.6% and 32.9% (60—89 years),
respectively. In Beijing, China, the prevalence of CKD
was 20.8% (60—69 years) and 30.5% (=70 years) [4]. The
average annual healthcare costs increase with the prog-
ress of CKD, and the risk of progression to end-stage
renal disease is highest in older people [5]. Therefore, the
importance of early prevention and treatment of CKD
cannot be overstated.

The American Heart Association (AHA) proposed
the ideal cardiovascular health factor (CVH), which
is defined as four ideal health behaviors, including no
smoking, ideal body mass index (BMI), physical activ-
ity, and a healthy diet, and three ideal health factors,
including untreated fast blood glucose (FBG)<100 mg/
dL, untreated blood pressure (BP)<120/80 mmHg, and
untreated total cholesterol (TC)<200 mg/dL [6, 7]. An
ideal CVH could reduce the risk of CKD [8, 9]. However,
the ability of individuals to reach ideal CVH may vary
with aging and lifestyle changes. Besides, most studies
have relied on single-time data, whereas the develop-
ment of CKD takes a long time; hence, assessing their
continuous impact is challenging. Currently, few stud-
ies have focused on the impact of long-term changes in
CVH on the development of CKD risk, especially in the
Asian older population. The trajectory model, based on
multiple repeated measurements, can assess long-term
changes in CVH.

In the present study, we investigated the change pat-
terns of CVH metrics to identify different trajectories
of older adults in northern China. In addition, the asso-
ciation between the trajectory of ideal CVH metrics and
incident CKD was studied.

Methods

Study population

The Tianjin Chronic Kidney Disease Study is a prospec-
tive cohort study in Binhai new area of Tianjin, China.

Between January 1, 2014, and December 31, 2014, there
were 145,443 older people in the community, most of
whom participated in the first visit and completed the
questionnaires and health assessments, and subsequently
followed up yearly until December 31, 2021. The exclu-
sion criteria were as follows: (1) lost follow-up; (2) miss-
ing value of indicators related to CVH metrics and renal
function or urine routine results; (3) diagnosed with
CKD at baseline; (4) participants reporting incident CKD
during CVH metrics trajectory modeling period. After
the exclusion of 117,808 participants, 27,635 participants
were included in the current analysis (Fig. 1).

Assessment of CVH metrics

According to the definition of cardiovascular health
behaviors and factors proposed by the AHA, the CVH
metrics were defined as the sum of seven cardiovascular
health behaviors and factor scores (i.e., ideal smoking,
ideal BMI, ideal exercise, ideal diet, ideal blood pres-
sure, ideal total cholesterol, and ideal blood glucose) for
the evaluation of individual health levels. The BMI was
evaluated according to The Guidance for Prevention and
Control for Overweight and Obesity from the Ministry
of Health. The optimal amount of exercise was defined
as 150 min of moderate-intensity exercise weekly. As diet
information was not detailed, the consumption of salt
and the ratio of meat and vegetable in the diet replaced
the food intake categories (details in Supplementary
Table 1).

Assessment of covariates

Physical examinations (i.e., weight, height, BMI, and
blood pressure) were conducted by skilled nurses during
each survey. The questionnaires were designed to collect
demographic characteristics, including age, sex, smok-
ing status, alcohol status, exercise activity (i.e., frequency,
way, duration), and medications for diabetes, hyperten-
sion, and dyslipidemia. Detection indexes included blood
routine (i.e., hemoglobin, platelets, white blood cells, per-
centage of neutrophil (N%) and lymphocytes (L%)), urine
test, blood biochemistry (i.e., triglycerides, total choles-
terol, serum creatinine, aspartate aminotransferase, and
alanine transaminase), and others (fasting blood glucose).
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145,443 people aged over 60 from 1
Y January 2014 to 31 December 2014 in
ﬂ Tianjin Binhai New Area Community

30,373 participants were excluded:
1. missing value of indicators related to CVH
metrics and renal function or urine test results at

baseline (n=12,504)
2. diagnosed CKD at baseline(n= 17,869)

Trajectory modeling
follow-up

Area cohort.

115,070 participants in Tianjin Binhai New

1. 44,034 participants were excluded:
lost follow-up during 2014-2018

> | 2. 7,195 participants who did not completed

all tests were excluded

63,841 participants completed

all follow-up during 2014-2018

32,087 participants were excluded:

1. missing value of indicators related to CVH
metrics and renal function or urine test results

during 2014-2018 (n=7,780 )
2. diagnosed CKD during 2014-2018 (n=24,307)

3,241 participants were excluded:
lost follow-up during 2019-2021

28,513 participants completed
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all follow-up during 2019-2021

878 participants were excluded :

Outcome
follow-up

missing value of indicators related to and renal
function or urine test results

in final analysis

\ 27,635 participants were included

Fig. 1 Study flow chart

Assessment of outcome

The outcome in the present study was defined as the first
occurrence of CKD during the follow-up period between
2019 and 2021. Without direct diagnostic data for CKD,
we used eGFR as a direct indicator of renal function and
proteinuria as a sensitive indicator, according to the Kid-
ney Disease Improving Global Outcomes (KDIGO) 2020
Guidelines [10]. The primary outcome was eGFR<60
mL/min/1.73 m? and (or) positive urine protein (equal to
daily excretion rate of 2150 mg/24 h), and the secondary
outcome was rapid decline in renal function (decrease
in eGFR more than 5 mL/min/1.73 m? per year). Related
participants were suggested to repeat the testing for con-
firmation and receive advanced medical treatment at
advanced healthcare facilities. The eGFR was estimated
using the CKD-EPI formula, as previously described [11].

Statistical analysis

Normally distributed continuous variables were recorded
as mean*SD, and a one-way analysis of variance was
used to compare differences between groups. Categori-
cal variables were recorded as numbers (%), and the
Chi-square test was used for comparison. Trajectories
of CVH metrics were identified with the potential mix-
ture models. The model was evaluated by the Bayesian

information standard. The logistics regression model
was used to estimate the odds ratios (OR) and 95% con-
fidence interval (CI) of incident CKD according to the
CVH trajectories after adjusting for age, gender, HGB,
WBC, N%, L%, PLT, TC, TG, ALT, AST, Tbil, and current
alcohol use. The sensitivity analysis included: (1) adjusted
for baseline CVH metrics; (2) To examine whether this
association is largely driven by any of the CVH compo-
nents, we removed each component from the total CVH
metrics. The association between the trajectory of CVH
metrics and CKD was then evaluated. The association
between the baseline CVH metrics, the annual change
in CVH metrics between 2014 and 2018, as secondary
exposure, and CKD risk was examined using a logistics
regression model. To explore the potential non-linearity
of this association, baseline CVH metrics and ACVH was
used as continuous variables to fit the restricted cubic
spline (RCS) model with four knots. The likelihood ratio
test was used to compare the fit goodness of the model
established by the baseline CVH, A CVH, and CVH
trajectories. All analyses were completed using R soft-
ware (version 4.1.0) and STATA (version 17). All statis-
tical tests were two-sided, and P<0.05 was considered
significant.
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Results

Baseline characteristics

A total of 27,635 older adults were included in the analy-
ses, with a mean age of 66.1+5.0 years; 47.8% of the par-
ticipants were male, and 52.2% were female. In total, 3,313
incident CKD events were recorded during the follow-
up period of three years. Six distinct trajectory groups
were identified with the group base trajectory model:
low-stable (n=3093, range: 1.8-2.0), low-medium-sta-
ble (n=8456, range: 2.7-3.0), medium-stable (n=8444,
range: 3.8-3.9), medium-high-decreased (n=1509, sig-
nificantly decrease from 4.8 to 2.7), medium-high-stable
(n=5235, range: 4.5-5.0), and high-stable (»=898, range:
5.5-6.0). The CVH metrics decreased rapidly during the
2014-2018 period in the medium-high-decreased group
while slightly in other trajectory groups (Fig. 2). The
demographic characteristics of the participants are pre-
sented in Table 1.
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Association between the CVH metrics trajectories and risk
of CKD

The CVH metrics trajectories were significantly asso-
ciated with the risk of CKD incidence. The risk of CKD
decreased as the CVH trajectory improved, ranging
from the low-stable to the high-stable groups (Table 2;
Figure 3A). After adjusting for potential confound-
ing factors, the ORs (95% CIs) were 0.81 (0.72-0.92)
for the low-medium-stable group, 0.71 (0.63-0.81)
for the medium-stable group, 0.72 (0.59-0.88) for the
medium-high-decreased group, 0.68 (0.59-0.79) for the
medium-high-stable group, and 0.54 (0.41-0.70) for the
high-stable group, compared with that of the low-stable
group (P<0.0001).

Sensibility analysis

To verify the stability of the results, we further explored
the association between the CVH trajectory and the sec-
ond outcome of rapid decline in renal function (eGFR
decrease more than 5 mL/min/1.73 m? per year), and
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Fig. 2 CVH metrics trajectories from 2014 to 2018 established by group-based trajectory model
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Table 1 Demographic characteristics of participants
Characteristics Trajectory group of CVH metrics Pvalue
Low stable Low medium Medium stable Medium high Medium high High stable
decreased stable
No.of participants, n(%) 3093 (11.19%) 8456 (30.58%) 8444 (30.54%) 1509 (5.46%) 5235 (18.93%) 898 (3.25%)
Men, n (%) 1804 (58.3) 4107 (48.6) 3822 (453) 757 (50.2) 2317 (44.3) 391 (43.5) <0.001
Age, years 65.7 (4.7) 65.9 (4.8) 66.2 (5.0) 66.2 (5.0) 66.4 (5.3) 66.6 (5.3) <0.001
HGB, g/L 142.2 (14.0) 140.3 (13.7) 138.9 (14.0) 1394 (14.1) 1374 (13.7) 136.7 (13.7) <0.001
WBC x 10%/L 6.2 (14) 59(1.3) 57(13) 59(13) 55(1.3) 54(13) <0.001
N% 55.8(84) 55.6 (8.3) 553(84) 55.7 (8.3) 55.2(8.6) 54.6 (8.8) <0.001
L% 358(8.0) 356(8.1) 356(8.1) 354(7.7) 356(8.2) 36.0 (8.5) 0.335
PLT x10%/L 210.2 (52.4) 209.2 (54.5) 206.1 (52.6) 2064 (52.6) 201.9 (52.3) 201.2 (52.4) <0.001
TC, mmol/L 56(0.9) 53(0.9) 5.2(0.9) 4.9(0.8) 4.9(0.9) 4.7 (0.8) <0.001
TG, mmol/L 1.9(1.6) 1.7(1.3) 1.5(1.3) 1.5(1.0) 14(1.3) 1.2(0.6) <0.001
ALT, U/L 21.6 (9.6) 20.6 (9.0) 19.5(8.7) 20.0 (8.5) 18.6(8.3) 182(7.7) <0.001
AST, U/L 22.5(8.0) 22.2(74) 219(7.1) 22.2(6.6) 21.6(6.9) 21.7(7.0) <0.001
Thil, umol/L 14.2 (4.6) 14.3 (4.7) 144 (4.8) 15.0 (4.6) 145 (4.9) 145 (5.2) <0.001
Alcohol use, n (%) 879 (284) 1444 (17.1) 1056 (12.5) 153 (10.1) 386 (7.4) 48 (5.3) <0.001
CVH metrics (V1) 20(0.8) 3.0(0.7) 38(0.7) 4.8(0.7) 48(0.7) 58(0.8) <0.001
CVH metrics (V2) 1.9(0.7) 3.0(0.7) 38(0.6) 4.8(0.7) 50(0.7) 6.0 (0.6) <0.001
CVH metrics (V3) 1.8(0.7) 2.8(0.6) 3.8(0.6) 3.8(0.9) 4.9(0.6) 6.0 (0.5) <0.001
CVH metrics (V4) 1.7 (0.6) 2.8(0.6) 39(0.6) 29(0.7) 4.8(0.7) 58(0.6) <0.001
CVH metrics (V5) 1.8(0.7) 2.7(0.7) 38(0.7) 2.7(0.7) 45(0.7) 5.5(0.8) <0.001

Table 2 Adjusted odds ratios and 95% confidence intervals of CKD by CVH metrics trajectory groups. Model 1: CVH metrics trajectory
groups as the independent variables. Model 2: Included variables in model 1 and adjusted for age(y) and gender. Model 3: Included
variables in model 2 and further adjusted for HGB, WBC, N%, L%, PLT, TC, TG, ALT, AST, Tbil, current alcohol use. Model 4: Included

variables in model 3 and further adjusted for baseline CVH metrics

CVH trajectory groups Cases (%) Model 1 Model 2 Model 3 Model 4
Low-stable 441 (14.3) 1.00 1.00 1.00 1.00
low-medium-stable 1056 (12.5) 0.86 (0.76-0.97) 0.80 (0.71-0.90) 0.81(0.72-0.92) 0.83(0.72-0.95)
Medium-stable 962 (11.4) 0.77 (0.69-0.87) 0.69(0.61-0.78) 0.71 (0.63-0.81) 0.74 (0.63-0.87)
Medium-high-decreased 180(11.9) 0.81(0.68-0.98) 0.74 (0.61-0.90) 0.72 (0.59-0.88) 0.76 (0.60-0.97)
Medium-high-stable 587(11.2) 0.76 (0.67-0.87) 0.66 (0.57-0.75) 0.68 (0.59-0.79) 0.72 (0.59-0.89)
High-stable 87(9.7) 0.65 (0.50-0.82) 0.54 (0.42-0.69) 0.54 (041-0.70) 0.58 (0.41-0.80)
P for trend <0.0001 <0.0001 <0.0001 <0.0001 0.0036

consistent results were obtained (Table 3). Besides, to
examine whether this association could be explained
by a single-time CVH metric, a sensitivity analysis that
additionally adjusted for baseline CVH metrics was con-
sistent with the primary analysis (Model 4 in Table 2).
We obtained similar results when removing each CVH
component from the total CVH metrics and re-estab-
lished the CVH metrics trajectories (Supplementary
Figs. 1-7). In these re-establish models, the CVH metrics
trajectories were still associated with risks of CKD inci-
dence after adjusting for potential confounding factors
(Table 4).

Association between the baseline CVH metrics and risk of
CKD

The baseline CVH metrics were negatively correlated
with the risk of CKD. Compared with the 0-1 group,
the 2, 3, 4, 5, and 6-7 groups had ORs (95% CIs) of

0.97 (0.77-1.24), 0.86 (0.69-1.09), 0.78 (0.62-0.99),
0.70 (0.55-0.89), and 0.71 (0.54—0.95), respectively
(P<0.0001), after adjustment for the confounding fac-
tors (Supplementary Tables 2 &Figure 3B). Further,
using baseline CVH metrics as a continuous variable,
the restricted cubic spline model result displayed that
higher baseline CVH metrics were associated with a
significantly lower risk of cardiovascular disease (CVD)
incidence (Fig. 3D). For one unit of baseline CVH met-
rics increase, the risk of CKD decreases by 9% (OR 0.91,
0.88-0.94, P<0.0001).

Association between CVH metrics change in five years and
the risk of CKD

The CVH metrics change in five years (ACVH) was also
negatively correlated with the risk of CKD. Compared
with the ACVH<O0 group, the ACVH=0 and ACVH>0
groups had ORs (95% CIs) of 0.95 (0.87-1.04) and 0.81
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A B Cc
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Fig. 3 Adjusted odds ratios and 95% confidence intervals of CKD by (a) CVH metrics trajectory groups, adjusted for age, sex, HGB, WBC, N%, L%, PLT, TC,
TG, ALT, AST, Tbil, current alcohol use, baseline CVH metrics), (b) baseline CVH metrics, adjusted forage (y), sex, HGB, WBC, N%, L%, PLT, TC, TG, ALT, AST,
Tbil, current alcohol use, and (c) A CVH metrics, adjusted for age (y), sex, HGB, WBC, N%, L%, PLT, TC, TG, ALT, AST, Tbil, current alcohol use, baseline CVH
metrics. (d) Restricted cubic spline regression of odds ratios of chronic kidney disease according to the baseline CVH metrics and (e) A CVH, adjusted for
age, gender, HGB, WBC, N%, L%, PLT, TC, TG, ALT, AST, Thil, current alcohol use (also adjusted the baseline CVH metrics for A CVH), shaded area indicates
95% Cls. (f) Likelihood ratio test of different regression models,adjusted for age (y), sex, baseline CVH metrics, HGB, WBC, N%, L%, PLT, TC, TG, ALT, AST, Thil,
current alcohol use

Table 3 Adjusted odds ratios and 95% confidence intervals of rapid decline in renal function by CVH metrics trajectory groups. Model
1: CVH metrics trajectory groups as the independent variables. Model 2: Included variables in model 1 and adjusted for age(y) and

gender. Model 3: Included variables in model 2 and further adjusted for HGB, WBC, N%, L%, PLT, TC, TG, ALT, AST, Tbil, current alcohol
use. Model 4: Included variables in model 3 and further adjusted for baseline CVH metrics

CVH trajectory groups Renal function rapid decline events (%) Model 1 Model 2 Model 3 Model 4
Low-stable 390 (12.6) 1.00 1.00 1.00 1.00
low-medium-stable 1014 (12.0) 0.94(0.83-1.07) 0.92(0.81-1.04) 0.94(0.82-1.06) 0.93(0.81-1.07)
Medium-stable 974 (11.5) 0.90(0.8-1.03) 0.87(0.77-0.99) 0.90(0.79-1.02) 0,89(0 76-1.04)
Medium-high-decreased 620 (11.8) 0.93(0.81-1.07) 0.89(0.77-1.02) 0.93(0.80-1.08) 091(0.75-1.12)
Medium-high-stable 153 (10.1) 0.78(0.64-0.95) 0.75(0.61-0.92) 0.76(0.61-0.93) 0.74(0.58-0.96)
High-stable 81(9.0) 0.69(0.53-0.88) 0.65(0.5-0.84) 0.70(0.53-0.91) 0.69(0.49-0.95)
P for trend <0.0001 0.0026 0.0003 0.0051 0.0191

(0.72-0.91), respectively (P=0.0004), after adjusting for
the confounding factors (Supplementary Tables 3 &Fig-
ure 3C). The restricted cubic spline model demonstrated
that increasing ACVH were associated with a signifi-
cantly lower risk of CVD incidence (Fig. 3E). For one unit
of ACVH increase, the risk of CKD decreases by 7% (OR
0.93, 0.89-0.97, P<0.0001).

Evaluation of fit performance between different regression
models

To compare the goodness of fit between the models
established by the CVH metrics trajectory, baseline CVH
metrics, and ACVH metrics change, the likelihood ratio
test depicted that the CVH metrics trajectory and ACVH

fit better than the baseline CVH metrics (P<0.001) (Sup-
plementary Tables 4 and Fig. 3F).

Discussion

In this prospective study, six distinct CVH trajectories
were identified, which reflected the dynamic changes in
cardiovascular health status over time in an older popu-
lation, which were associated with altered CKD risk. For
example, the participants maintaining the highest CVH
metrics in the high-stable group had a 46% lower risk of
CKD incidence (adjusted OR 0.54, 95% CI: 0.41-0.70)
relative to those with a consistently worst health status in
the low-stable group, which was independent of the base-
line CVH metrics.
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Table 4 Adjusted odds ratios and 95% confidence intervals of CKD by CVH metrics trajectory groups after removing Individual
Cardiovascular health components from the total metrics. Adjusted for age(y), gender, HGB, WBC, N%, L%, PLT, TC, TG, ALT, AST, Thil,

current alcohol use

CVH trajectory groups  Removed component
Smoking Diet Physical Blood pressure Total Fasting blood  BMI
exercise cholesterol glucose

Low-stable 1.00 1.00 1.00 1.00 1.00 1.00 1.00

low-medium-stable 0.95(0.83-1.09) 0.84(0.63-1.15) 0.89(0.71-1.13) 0.87(0.69-1.10) 0.79(0.67-0.94) 0.88(0.75-1.04)  0.90
0.73-1.11)

Medium-stable 0.80(0.70-0.92)  0.67(0.51-091) 069 (0.55-0.87) 0.65(049-0.87) 0.71(0.60-0.83) 0.86(0.73-1.01)  0.79
(064-0.98)

Medium-high-decreased  0.78 (0.62-0.97)  0.61 (0.46-0.83) 0.70(0.52-0.94) 0.75(0.60-0.94) 0.84 (049-1.38) 0.88(0.70-1.11)  0.79
(0.64-0.98)

Medium-high-stable 0.73(0.63-0.85)  0.54(040-0.74) 0.65(0.52-0.82) 0.67(0.53-0.85) 0.63 (0.53-0.75)  0.79 (0.66-0.95)  0.75
061-0.93)

High-stable 0.63(049-0.79) 047 (033-0.68) 0.53(041-0.69) 061(047-0.79) 0.55(044-069) 079 (062-1.00)  0.65
(0.50-0.85)

P for trend <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0076 0.0004

It is worth noting that in the medium-high-decreased
group, the rapidly decreasing CVH metrics from 4.8 to
2.7 was accompanied by an increasing CKD risk, com-
pared with either the medium-high-stable or medium-
stable groups, which offered direct evidence of the
deteriorating CVH associated with higher CKD risk.

To the best of our knowledge, this large-scale, commu-
nity-based study is the first to reveal a potential associa-
tion between cardiovascular health status change pattern
over time and CVD risk in an older population. These
observations extend our knowledge of the inverse asso-
ciation between ideal cardiovascular health metrics and
a wide range of health outcomes, including myocar-
dial infarction [12], stroke [13], heart failure [14], CVD
mortality [15], resistant hypertension [16], diabetes
[17], ectopic fat and insulin resistance [18], and venous
thromboembolism [19]. The CVH metrics incorporated
multiple aspects of health behavior and factors including
smoking, diet, exercise, blood pressure, cholesterol lev-
els, glucose and BMI. These indicators were commonly
measured and easy to understand. The CVH metrics pro-
vided a comprehensive assessment of health and could be
applied in large population studies.

The time-cumulative effect of CVH can also impact
outcome events [20]. The study by Chung [21] demon-
strated that those who maintain higher CVH levels at
younger ages would reduce the future risk of CVD inci-
dence or mortality. Similarly, the Korean Genome and
Epidemiology Study Ansung-Ansan cohort demonstrated
that maintaining good CVH during midlife improves the
outcomes for CVD and CKD later [8]. To investigate the
time-cumulative effect of CVH, Hou [9] proposed the
concept of cumulative CVH score: CVH,xtime,,_,, +
CVH,xtime,,_,; + CVHyxtime 4_.,. In a fully adjusted
model, individuals in the highest quintile had a 75% (95%
CI: 66—82%) lower risk of CKD than those in the lowest

quintile of cumCVH. Each 1-point-year increase in cum-
CVH behavioral and factor scores was associated with an
11% (95% CI: 9-13%) reduction in the incidence of CKD.

To date, studies have mostly been based on single-
measure data, whereas the progression of chronic dis-
ease takes place over a long period. Single-measure data
cannot comprehensively evaluate the ongoing impact of
CVH metrics on CKD; thus, CVH factors remain poorly
understood [22]. For this reason, studies have been initi-
ated to investigate the association between group-based
trajectories of CVH and disease risks for individual
development. In the Kailuan study [23], five trajecto-
ries were classified according to the pattern of changes
in cardiovascular health scores (CVH scores) over time
among the 74,701 adults included in the study between
2006 and 2010. Compared to the low stability trajectory,
the high stability II trajectory was associated with a lower
risk of subsequent CVD after adjusting for the correlates
(adjusted OR 0.21, 95% CI, 0.16—0.26). Zhang et al. [24]
revealed the relationship between the CVH score tra-
jectory and atherosclerosis. Our study further explored
the association between CVH trajectory and the risk
of CKD in the older population by adopting the group-
based trajectory model, which could reflect long-time
change patterns and overcome the limitations of single-
time measurement data; therefore, it was more objective
and reliable in evaluating the impact of CVH on CKD.
According to prior epidemiological reports, the incidence
of CKD was higher in older people who were also more
likely to be in an unhealthy state [25]. CVH metrics, as a
comprehensive and convenient tool, could help identify
high-risk groups with substandard health behaviors and
factors. With the help of CVH metrics being longitudi-
nally and dynamically monitored, the CKD prevalence
could be assessed more accurately, which would provide
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more evidence for strategies of prevention and interven-
tions for CKD, especially in older population.

We also observed a significant inverse dose-response
association between the baseline CVH metrics and the
change in the CVH metrics with subsequent risk of CKD.
On this basis, the likelihood ratio test results depict that
the CVH metrics trajectory and CVH metrics change the
model fit better than the baseline CVH metrics, which
may mean that the CVH trajectory has a unique evalua-
tion value in the comprehensive assessment of individual
cardiovascular health status since the CVH trajectory
contains information of both baseline level and dynamic
changes. Altogether, these data emphasize the impor-
tance of public health efforts to improve CVH to prevent
the incidence of CKD in older people.

Some strengths of this study are worth mentioning.
Our study was a prospective cohort study with a large
sample of 27,635 older participants followed for eight
years. A trajectory model was established to explore
long-term change patterns in CVH metrics. Therefore,
we accurately assessed the association between CVH and
CKD.

Some limitations also need to be taken into consider-
ation. First, the ideal diet defined by the AHA requires
dietary fiber consumption by fruits and vegetables. How-
ever, as diet information was not detailed, the consump-
tion of salt and the ratio of meat and vegetable in the diet
was used as a replacement. This may cause an underes-
timation of the dietary factor effect on the risk of CKD.
As our study evaluated an older population from Binhai
new area, the results need further validation in other
populations. Finally, the follow-up period for end-events
was relatively shorter, whereas the follow-up period for
the CVH metrics was fairly long and we will continue the
follow-up in our future work. Besides, we supplemented
the secondary outcome of rapid decline in eGFR and
obtained consistent results, further increasing the reli-
ability of the results. Although it would be inappropriate
to prematurely interpret the association between CVH
trajectories and CKD as a causal relationship, the findings
of this study provide a new clue for the primary preven-
tion of CKD. CVH metrics, as a comprehensive tool, sim-
ple to understand and easy to obtain, could help quickly
assess the health status. More importantly, the long-term
dynamic monitoring of CVH trajectory showed unique
significance, providing more precise evidence on strat-
egies of prevention and interventions of CKD, espe-
cially in the older population with a higher prevalence.
Although this study was based on a Chinese community,
studies from various countries had reported the value of
CVH metrics [26-28]. However, research on the CVH
metrics trajectory was worth further investigation. Since
the indicators were also easy to obtain, research could
be applicable and reproducible in other populations and
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countries. If these results can be replicated in the future,
public health will yield more extensive benefits.

Conclusion

Our study shows that maintaining CVH metrics at a
higher level is associated with a lower risk of CKD. In
addition, improving CVH metrics can also reduce the
risk of CKD. Therefore, regular monitoring of long-term
change patterns of cardiovascular health status with
the CVH trajectory and improving the overall CVH to
achieve the goal of primary prevention of CKD in older
people is warranted.
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