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Background: This prospective cohort study aimed to evaluate the potential association of
ideal cardiovascular health metrics with the plasma levels of highly sensitive C-reactive
protein (hs-CRP) among people in North China.

Methods: A total of 80,968 participants were included in this study at baseline. Data
relating to seven health metrics and plasma hs-CRP levels were collected at baseline and
the end of follow-up. The change in health metrics of each individual was compared and
recorded. The potential association of gain or loss of each health metric, as well as the
change in the total number of health metrics that each individual had during follow-up, with
the risk of increased hs-CRP level, were explored by multiple Cox proportional hazards
models.

Results: A total of 72,321 participants (94.51%) completed the follow-up, and the average
follow-up time was 4.1 years. Ideal body mass index (BMI), physical activity, smoking status
and total cholesterol all had significant impacts on hs-CRP levels, with ideal BMI having the
largest impact. Losing ideal BMI during follow-up raised the probability of hs-CRP increase
during the follow-up time by 1.72 (95% CI, 1.59-1.86) times for men and 2.05 (95% CI,
1.76-2.39) times for women. The effects of ideal salt intake and blood pressure on hs-CRP
levels were uncertain. Changes in the total number of ideal metrics for each individual had a
significant cumulative effect on hs-CRP. The hazard ratio of loss of four to six health metrics
during follow-up on the risk of hs-CRP increase was 1.69 (95% CI, 1.38-2.06) for men and
1.52 (95% CI, 1.13-2.04) for women.

Conclusion: Loss or gain of ideal cardiovascular health metrics is associated with signifi-
cant fluctuations in plasma hs-CRP levels. The cardiovascular benefits brought by the ideal
health metrics are mediated at least in part by reducing systemic inflammation in the body.
Keywords: ideal cardiovascular health metrics, highly sensitive C-reactive protein,
cardiovascular diseases

Introduction

Atherosclerotic cardiovascular disease (ASCVD) has become China’s major public
health burden, and controlling the incidence of ASCVD has become one of the top
priorities for health authorities at all levels in China.'™ In 2010, the American
Heart Association (AHA) Committee developed the definition of ideal cardiovas-
cular health to call on citizens to maintain a healthy lifestyle to reduce the incidence
of ASCVD.® The ideal cardiovascular health is defined as the simultaneous
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presence of seven health metrics, namely no smoking,
body mass index (BMI) <25 kg/m? physical activity at
goal level, diet consistent with current guideline recom-
mendations, untreated total cholesterol (TC) <200 mg/dL,
untreated systolic blood pressure <120 mmHg and diasto-
lic blood pressure <80 mmHg, and untreated fasting blood
glucose (FBG) <100 mg/dL. Our team’s previous work has
confirmed that the number of health metrics defined by the
AHA is significantly negatively related to the incidence of
cardiovascular disease in a Chinese population,”® but the
underlying mechanism is still unclear. A large number of
previous studies have shown that mild chronic inflamma-
tory states in the human body can significantly promote
the occurrence and development of ASCVD.”'® A cross-
sectional study conducted by our team in a community
population also showed a negative correlation between
health metrics and levels of highly sensitive C-reactive
protein (hs-CRP), a classic indicator of human inflamma-
tion, but a causal relationship between the two has not
been confirmed.'’ In the present study, we intended to
investigate the impact of ideal cardiovascular health
metrics on plasma levels of hs-CRP in a large Chinese
cohort.

Methods

Study Design and Population

This prospective study was conducted from April 2012 to
June 2016 in the Kailuan community of Tangshan, a city
in North China which is located in the north of Hebei
province, surrounding the capital of China. Citizens over
the age of 18 years in the Kailuan community were invited
to participate in this study, but were excluded if the fol-
lowing conditions applied: data missing; hs-CPR level >10
mg/L; those with concomitant diseases, including infec-
tious diseases, cancer, hematological disease, autoimmune
disease, and severe hepatic or renal dysfunction; and those
with a history of taking immunosuppressive agents, trauma
or operation in the 3 months before the initiation of the
study. All participants were asked to complete venous
blood sample collection and testing, anthropometric mea-
surements and a questionnaire survey at baseline. At the
end of the follow-up, participants were recalled to repeat
the same process as at baseline. The contents and purposes
of this study were thoroughly explained to the participants
prior to the study, and written consent was obtained from
all of the participants. The study protocols were in accor-

dance with the Declaration of Helsinki and ethical

approval was obtained from the Science and Technology
Committee of Tangshan city.

Methods and Measurements

Anthropometric Measurement

All staff were trained in standard procedures for measure-
ment. Height and weight were measured to the nearest 0.1 cm
and 0.1 kg, respectively, with participants standing upright
and barefoot in light clothes. Two separate measurements
were performed for each subject and the average was used for
analysis. Body mass index (BMI) was calculated as the ratio
of weight to height squared (kg/m?). Blood pressure (BP)
was measured in a sitting position and an average of two
readings was used. However, when the two readings exhib-
ited a difference greater than 5 mmHg, a third reading was
necessary and the average of three readings was used.

Determination of Biochemical Variables

Participants were asked to fast overnight before venous
blood sample collection from the veins of the forearm.
Plasma samples were prepared by centrifugation at 3000
rpm for 10 minutes within 4 hours of blood collection.
Total cholesterol (TC) and triglycerides (TG) were mea-
sured enzymatically, and fasting blood glucose (FBG) was
measured using the hexokinase/glucose-6-phosphate dehy-
drogenase method (Mind Bioengineering Co., Shanghai,
China).All biochemical variables were tested in the central
laboratory of Kailuan Hospital on automatic biochemical
analyzers (Hitachi 717; Hitachi, Tokyo, Japan).

Determination of hs-CRP Levels

The hs-CRP levels were measured using a commercial
high-sensitivity immunonephelometric assay (Cias Latex
CRP-H; Kanto Chemical Co., Tokyo, Japan) with a lower
detection limit of 0.1 mg/L. In-house intra-assay and inter-
assay coefficients of variation (CVs) for hs-CRP were
6.48% and 4.92%, respectively.

Ideal Cardiovascular Health Metrics and
Questionnaire Survey

A structured questionnaire survey was administered to each
participant face to face, on paper, to obtain demographic and
behavior-associated information, including age, gender,
smoking status, physical activity and salt intake. Smoking
status was classified using self-reported information as
“never”, “former” or “current”. Aerobic exercise was eval-
uated from responses to questions about the type and fre-
quency of aerobic exercise during leisure time. We did not
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obtain the exact daily salt consumption (g/day) for every
participant; salt intake was determined from responses to
questions relating to salt preference, and was classified as

EL T3

“low,” “medium” or “high”. We used “low” salt intake
(8.7%) as a surrogate of ideal diet, consistent with the
current guideline recommendations. According to a national
nutrition survey published in 2019, a high-salt diet is a very
serious problem in the dietary structure of Chinese residents,
especially in northern China, where the population’s daily
salt intake is as high as 11.2g.'* Although other dictary
problems also exist, such as inadequate intake of vegetables
and fruits, these problems are less harmful to cardiovascular
health. The questionnaire provided an approximation of
whether an individual’s diet was “ideal,” “intermediate” or
“poor”. In addition, considering that the widely used cut-off
value for normal weight in China is BMI <24 kg/m? the
ideal BMI in the present study was defined as BMI <24 kg/
m?, which is different from the AHA definition.

Statistics

Continuous variables were presented as mean and standard
deviation (SD), and categorical variables were presented as
frequency (proportions). Continuous variables were compared
with a two-sample Student’s ¢ test or non-parametric tests
based on distributional properties. Categorical variables were
compared with the chi-squared test. To investigate the poten-
tial correlation of each ideal health metric with plasma hs-CRP
levels, multiple Cox proportional hazards models were estab-
lished to determine whether or not the plasma level of hs-CRP
had increased at the end of follow-up time compared with
baseline as the dependent variable. In model 1, gain or loss of
each ideal health metric during follow-up was set as the
independent variable; and in model 2, the change in the total
number of ideal health metrics that each individual had during
follow-up was set as the independent variable. In addition,
confounding factors such as age and gender were adjusted for
in both models. For all the comparisons, the level of statistical
significance was set at P<0.05, two-sided. SPSS version 19.0
was used for all statistical analyses.

Results
Basic Characteristics and Prevalence of
Ideal Cardiovascular Health Metrics in All

Participants

Of the 89,169 participants who volunteered to participate in
the study, 8201 were excluded at baseline. Of those, 4362 had
missing or incomplete data; 1462 had baseline hs-CPR

level>10 mg/L; 1541 had concomitant diseases, as previously
described in the subsection “Study Design and Population”;
and 836 had a history of taking immunosuppressants, trauma
or operation in the 3 months before the study was initiated.
Finally, 80,968 were enrolled in the current study at baseline
and 76,523 (94.51%) finished the follow-up investigation. The
average follow-up time was 4.1 years.

The prevalence of each cardiovascular health metric in
the total population and subgroups at baseline and the end
of follow-up, by gender, is shown in Table 1. The propor-
tions of participants who had ideal cardiovascular health
metrics were as follows (baseline vs the end of follow-up):
BP, 32.20% vs 32.48%; TC, 54.60% vs 62.31%; FBG,
67.64% vs 61.48%; BMI, 51.24% vs 52.42%; smoking
status, 59.99% vs 67.06%; aerobic exercise, 0% vs 9.21%;
salt intake, 8.75% vs 13.51%. The proportions of ideal BP
and TC were higher in men at baseline and at the end of
the follow-up, while the proportions of ideal smoking,
physical exercise and salt intake were higher in women.
The proportions of ideal FBG and BMI were higher in
women at baseline, but the difference between men and
women disappeared at the end of the follow-up time.

Plasma Levels of hs-CRP with the
Change in Ideal Cardiovascular
Health Metrics

Figure 1 shows the changes in hs-CRP levels in partici-
pants who lost or gained different numbers of the ideal
health metrics at the end of the follow-up compared with
the baseline. The average hs-CRP level in participants who
gained one, two, three, four, and five or six health metrics
decreased by 0.142+0.021, 0.311+0.032, 0.418+0.044,
0.518+0.071 and 0.560+0.019 (mg/L), respectively. In
contrast, compared with baseline, the average level of hs-
CRP in participants who lost one, two, three, four, and five
or six health metrics increased by 0.162+0.023, 0.284
+0.033, 0.459+0.063, 0.582+0.114 and 0.715+£0.379 (mg/
L), respectively.

Multiple Cox Proportional Hazards
Model for the Impact of Changes in Ideal
Cardiovascular Health Metrics on hs-CRP

Levels

The potential association of losing or gaining each health
metric with the plasma levels of hs-CRP was explored by
multiple Cox proportional hazards models, with those
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Table | Basic Characteristics of Participants in the Present Study at Baseline and the End of Follow-Up

Baseline Follow-up
Men Women All P Men Women All P
(n=60,931) (n=15,592) (n=76,523) (n=60,931) (n=15,592) (n=76,523)
SBP (mmHg) 124.89+20.92 132.82+20.74 131.2£21.02 0.000 | 130.52+19.54 129.62+19.02 129.81£19.13 | 0.000
DBP (mmHg) 79.64x11.06 84.85+11.81 83.79+11.85 0.000 | 83.45+10.62 83.25+10.47 83.29+10.5 0.041
TC (mmol/L) 4.99+1.05 4.98+1.12 4.98%1.11 0.277 | 5.011.66 4.98+1.55 4.99+1.57 0.023
FBG (mmol/L) 5.3£1.59 5.54+1.68 5.49+1.67 0.000 | 5.71x1.9 5.67+1.98 5.68+1.96 0.012
BMI (kg/m?) 24.61+3.74 25.14+3.4 25.03+3.48 0.000 | 24.93+3.32 24.94+3.33 24.94+3.33 0.656
BP (mmHg) 0.343 0.000
Ideal (<120/80 without 19,670 (32.28) | 4968 (31.86) 24,638 (32.20) 20,071 (32.94) | 4786 (30.69) 24,857 (32.48)
medication)
Intermediate 17,869 (29.33) | 4540 (29.12) 22,409 (29.28) 19,175 (31.47) | 4528 (29.04) 23,703 (30.98)
(120-139/80-90 or treated to
<120/80)
Poor (2140/90 or treated to | 23,392 (38.39) | 6084 (39.02) 29,476 (38.52) 21,685 (35.59) | 6278 (40.27) 27,963 (36.54)
=120/80)
TC (mg/dL) 0.000 0.003
Ideal (<200 without 33,781 (55.44) | 7999 (51.3) 41,780 (54.60) 38,136 (62.59) | 9542 (61.2) 47,678 (62.31)
medication)
Intermediate (200-239 or 15,439 (25.34) | 3662 (23.49) 19,101 (24.96) 15,942 (26.16) | 4182 (26.82) 20,124 (26.3)
treated to <200)
Poor (2240 or treated to 11,711 (19.22) | 3930 (25.21) 15,641 (20.44) 6853 (11.25) 1868 (11.98) 8721 (11.4)
2200)
FBG (mg/dL) 0.019 0.346
Ideal (<100 without 41,070 (67.4) 10,693 (68.58) | 51,763 (67.64) 37,462 (61.48) | 9587 (61.49) 47,049 (61.48)
medication)
Intermediate (100-125 or 13,989 (22.96) | 3439 (22.06) 17,428 (22.77) 17,151 (28.15) | 4332 (27.78) 21,483 (28.07)
treated to <100)
Poor (2126 mg/L or treated 5872 (9.64) 1460 (9.36) 7332 (9.58) 6319 (10.37) 1673 (10.73) 7992 (10.44)
to 2100)
BMI (kg/m?) 0.000 0.071
Ideal (<24) 30,245 (49.64) | 8968 (57.51) 39,213 (51.24) 31,926 (52.4) 8187 (52.51) 40,113 (52.42)
Intermediate (24-27.9) 25,365 (41.63) | 5067 (32.5) 30,432 (39.77) 23,231 (38.13) | 5961 (38.23) 29,192 (38.15)
Poor (228) 5321 (8.73) 1558 (9.99) 6879 (8.99) 5774 (9.48) 1443 (9.26) 7217 (9.43)
Smoking (n, %) 0.000 0.330
Ideal (never) 31,015 (50.9) 14,889 (95.49) | 45,904 (59.99) 40,888 (67.11) | 10,428 (66.88) | 51,316 (67.06)
Intermediate (former, quit) 4038 (6.63) 68 (0.43) 4106 (5.37) 1832 (3.01) 440 (2.82) 2272 (2.97)
Poor (current) 25,877 (42.47) | 635 (4.08) 26,512 (34.65) 18,211 (29.89) | 4724 (30.29) 22,935 (29.97)
Aerobic exercise (n, %) 0.000 0.007
Ideal (2150 min/week) 0(0) 0(0) 0 (0) 5519 (9.06) 1532 (9.83) 7051 (9.21)
Intermediate (0—150 min/ 43,613 (71.58) | 12,423 (79.68) | 56,036 (73.23) 41,541 (68.18) | 10,597 (67.96) | 52,138 (68.13)
week)
Poor (none) 17,318 (28.42) | 3169 (20.32) 20,487 (26.77) 13,871 (22.76) | 3463 (22.21) 17,334 (22.65)
(Continued)
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Table | (Continued).
Baseline Follow-up

Salt intake (n, %) 0.000 0.000
Ideal (low salt) 5343 (8.77) 1349 (8.65) 6692 (8.75) 7956 (13.06) 2382 (15.28) 10,338 (13.51)
Intermediate (medium salt) 47,233 (77.52) | 12,811 (82.16) | 60,044 (78.47) 48,658 (79.86) | 11,946 (76.62) | 60,604 (79.2)
Poor (high salt) 8355 (13.71) 1432 (9.19) 9787 (12.79) 4317 (7.08) 1264 (8.11) 5581 (7.29)
hs-CRP 2.73+0.98 2.40+1.05 2.66x1.01 0.000 | 3.02+1.08 2.64£1.11 2.94+1.09 0.000

Note: P values indicate the comparative results between men and women at baseline or the end of follow-up.
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BP, blood pressure; TC, total cholesterol; FBG, fasting blood glucose; BMI, body mass index; hs-

CREP, highly sensitive C-reactive protein.

keeping the corresponding health metric unchanged as a
control. As shown in Figure 2A and 2B, BMI had the
closest relationship with hs-CRP level in both men and
women. Losing ideal BMI during the follow-up time
raised the probability of hs-CRP increase by 1.72 [95%
confidence interval (CI), 1.59-1.86] times for men and
2.05 (95% CI, 1.76-2.39) times for women, while gaining
it decreased the probability by 0.55 (95% CI, 0.51-0.60)
times for men and 0.43 (95% CI, 0.37-0.50) times for
women. Similarly, changes in ideal aerobic exercise,
smoking and TC were all significantly associated with
the risk of hs-CRP increase. The association of ideal salt
intake with hs-CRP levels was more significant in men
than in women, especially when it was lost during follow-
up. As for the change in ideal BP during follow-up time,
loss of ideal BP was associated with a significant rise in

(mg/)
1.50

1.00
0.50

0.00

Hs-CRP

5~6 4 -3 -2 A1 0 2 3 4 5~6
-0.50

Changes in the number of heath metrics each individual had at

-1.00 follow-up compared with baseline

-1.50

Figure | Changes in values of plasma hs-CRP at the end of follow-up compared
with baseline in participants who lost or gained one to six health metrics during that
period. The vertical axis represents the changed values of hs-CRP at the end of
follow-up compared with baseline. The horizontal axis represents the change in the
total number of health metrics that each individual had at the end of follow-up
compared with baseline: 0 indicates that the total number of health metrics did not
change; positive values (+| to +6) indicate that the number of health metrics
increased; negative values (—| to —6) indicate that the number of health metrics
decreased.

Abbreviation: hs-CRP, highly sensitive C-reactive protein.

the chance of hs-CRP increasing (HR: 1.12, 95% CI, 1.07—
1.17 for men; HR: 1.25, 95% CI, 1.15-1.37 for women),
while gain of ideal BP had no association with hs-CRP
level. Surprisingly, changes in ideal FBG had no associa-
tion with hs-CRP level in women, but gain of ideal FBG
was significantly associated with a significant drop in the
probability of hs-CRP increase in men (HR: 0.59, 95% CI,
0.55-0.63).

The relationship of changes in the number of ideal
health metrics during follow-up with hs-CRP levels is
presented in Figure 3A and 3B. When the number of
ideal health metrics that individuals had increased from
one to six, an obvious cumulative association with change
in hs-CRP level was observed for both men and women
(Table 2) and the HR values for risk of rising hs-CRP
decreased from 0.57 (95% CI, 0.51-0.64) to 0.84 (95% CI,
0.80—0.87) for men and from 0.61 (95% CI, 0.44-0.85) to
0.84 (95% CI, 0.76-0.91) for women. Very similarly to
this, the decrease in the number of health metrics of
individuals also had a significant cumulative association
with hs-CRP levels.

Discussion

This study intended to clarify the relationship between
changes in ideal cardiovascular health metrics and hs-CRP
levels in order to suggest a mechanism for promoting ideal
cardiovascular health, as defined by the AHA Committee, to
reduce cardiovascular events. The results show a close rela-
tionship of the seven cardiovascular health factors and beha-
viors included in the definition of ideal cardiovascular health
with hs-CRP levels in the human body.

The incidence of cardiovascular disease in China has
continued to grow rapidly over the years, and the highest
point has not yet been reached.> As one of the largest
cohorts dedicated to cardiovascular disease prevention and
control in China, the Kailuan Study has been focusing on
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Abbreviations: hs-CRP, highly sensitive C-reactive protein; HR, hazard ratio; Cl, confidence interval.

the relationship between cardiovascular disease-related
factors and behaviors and the incidence of cardiovascular
events in the Kailuan community for more than a decade.
According to the data of the present study, the prevalence

of ideal health metrics in the Kailuan community was

mildly improved during the follow-up. With the exception
of ideal FBG, the prevalence of all other ideal health
metrics has increased; in particular, ideal smoking status,
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Table 2 Hazard Ratios of the Changes in Number of Ideal Health Metrics an Individual Had During Follow-Up on

Plasma hs-CRP Levels in Men and Women

Change in No. of Ideal Health Metrics* Men Women Total
HR 95% CI HR 95% CI HR 95% CI

4to6 0.84 0.80-0.87 0.84 0.76-0.91 0.84 0.80-0.87
3 0.70 0.67-0.74 0.71 0.64-0.8 0.70 0.67-0.74
2 0.60 0.56-0.64 0.59 0.50-0.69 0.60 0.56-0.64
| 0.57 0.51-0.64 0.6l 0.44-0.85 0.58 0.52-0.65
0 | - | - | -

-1 1.12 1.06-1.17 1.27 I.16-1.39 1.15 1.10-1.20
-2 1.30 1.22-1.38 1.41 1.26-1.57 1.32 1.25-1.40
-3 1.53 1.39-1.69 1.40 1.20-1.65 1.49 1.37-1.62
—4to —6 1.69 1.38-2.06 1.52 1.13-2.04 1.62 1.38-1.92

Notes: *The data in this column indicate the changed number of ideal cardiovascular health metrics one individual had at the end of follow-up
compared with that at baseline. Positive values indicate an increase and negative values indicate a decrease.
Abbreviations: hs-CRP, highly sensitive C-reactive protein; HR, hazard ratio; Cl, confidence interval.

aerobic exercise and salt intake increased by 7.07%,
9.21% and 4.76%, respectively. However, we have to
note that the improvement was not very impressive, and
the prevention and control of cardiovascular risk factors
are still very serious challenges. In addition, the preva-
lence characteristics of the health metrics in the present
study are slightly different from those reported in popula-
tions from other regions in China. For example, compared
with a 2018 report in a Northwest China population,'® the
average levels of TC and FBG are slightly higher (4.68 vs
4.99 mmol/L for TC and 5.33 vs 5.68 mmol/L for FBG)
but the BMI is lower (25.14 vs 24.94 kg/m?) in our study,
which may be due to the huge differences in eating habits
between the populations of North and South China.'*
Since anti-hypertensive agents are free in the Kailuan
community, the average blood pressure level in our study
is much better than that reported in a nation-wide survey.'

It has been documented that many cardiovascular health-

related factors and behaviors, such as physical exercise,'®!”

18,19 0 can affect the

blood pressure levels and salt intake,”
inflammatory state in the human body. Metabolic syndrome,
the aggregation of the most classic risk factors for cardiovas-
cular—metabolic diseases, was also found to be closely corre-
lated with plasma hs-CRP levels.”' However, most of those
studies were cross-sectional surveys, from which we could not
draw a clear causal and dynamic picture about the relationships
between ideal cardiovascular health metrics and inflammatory

state in the body. Based on data from a large cohort in the North

China population, our study clearly shows that controlling
BMI, TC, smoking and salt intake, and increasing exercise,
could reduce plasma hs-CRP levels. In addition, our study
shows that the number of health metrics was significantly
correlated with the level of hs-CRP. One previous study con-
ducted in Kailuan communities showed a strong inverse rela-
tionship between the cumulative incidence of cardiovascular
diseases and the number of ideal health metrics that one
individual had.” Considering that chronic inflammation plays
an important role in the formation of atherosclerosis, our
results strongly suggest that the decline in incidence of
ASCVD, by promoting ideal cardiovascular heath metrics,
was mediated by the decreased level of systemic inflammation,
at least in part.

Our study also obtained some other interesting results.
CRP has long been considered an independent risk factor for
hypertension.'®!*?? Our study demonstrated that gaining
ideal BP during follow-up could significantly decrease hs-
CRP levels, which is consistent with some studies claiming a
decrease in CRP levels observed after using antihypertensive
drugs.>~* But, to make the relationship between hyperten-
sion and hs-CRP more complicated, losing ideal BP, which
means increased BP level, did not lead to elevated hs-CRP
levels in the present study. Our study indicated no significant
association between changes in ideal FBG and plasma hs-
CRP levels in women. However, in men, gaining an ideal
FBG could decrease hs-CRP levels, but losing it failed to
increase hs-CPR levels. Guerrero-Romero et al observed a
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significant relationship between CRP and FBG in those with
impaired glucose tolerance but the significance disappeared
in people with normal glucose tolerance.”> An Asian popula-
tion-based study found that the correlation between log-
transformed hs-CRP and FBG in people with apparently
normal FBG failed to reach statistical significance.”® We
think that the association of hs-CRP levels and FBG is
weak, considering the large sample size of our study. Since
it has been well documented that high CRP levels can predict
new type 2 diabetes,>”*® the potential relationship between
postprandial blood glucose and hs-CRP levels needs further
confirmation.

Our study has several limitations. First of all, all the parti-
cipants of the study are employees and retirees of Kailuan
(Group) Co. Ltd, which has grown from an initial coal-mining
industry to a large enterprise group involving many fields, such
as real estate, textiles and construction, which led to significant
skewness in the gender distribution. We would therefore take a
cautious attitude in extrapolating the findings of our study to
other populations. Second, of all the 117,822 employees and
retirees who were invited to participate, 75.68% volunteered.
Although the mean age of cohort participants was comparable
with that of the whole population, according to the medical
records of Kailuan (Group) Co. (57.63 vs 57.61 years) which
indicated good representativeness of the cohort used in the
study, we cannot rule out that the selection bias and health
status of the enrolled people may be slightly worse than the real
population, considering that relatively healthy people are more
likely to refuse to participate. Third, this study did not make an
accurate assessment of the ideal diet, but replaced it with daily
salt intake, and the method for assessing salt intake was not
very accurate. We acknowledge that this would have an unpre-
dictable effect on the research results, although this effect may
be minor.

Conclusions

This study used data from a large cohort in a population in
North China to confirm the close relationship between ideal
health metrics defined by the AHA Committee in 2010 and
plasma hs-CRP levels, the indicator of systemic inflammation,
at least partially revealing the mechanism by which ideal health
metrics bring cardiovascular benefits. The increase or decrease
in a single metric for most ideal health metrics, as well as the
change in the total number of ideal health metrics that indivi-
duals had, can cause significant fluctuations in hs-CRP levels.
Advocating a lifestyle with more ideal health metrics and other
methods that may reduce the body’s chronic inflammation

levels remain indispensable measures for the prevention and
control of cardiovascular disease in China.
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