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Abstract

Background The high-sensitivity C-reactive protein (hs-CRP) to high-density lipoprotein cholesterol (HDL-C) ratio,
a composite marker of low-grade inflammation and lipid metabolism, is reportedly associated with the occurrence
of new cardiovascular diseases (CVDs) in certain people. However, the predictive value of the hs-CRP/HDL-C ratio for
long-term mortality in the general population remains unclear.

Methods This retrospective cohort study included data from 9,492 adults obtained from the National Health and
Nutrition Examination Survey (NHANES) (2015-2018) in the United States. Multivariate Cox regression, two-piecewise
linear regression, restricted cubic spline (RCS) models and subgroup analysis by age, sex, smoking status and
drinking status were applied to evaluate the associations of the hs-CRP/HDL-C ratio with long-term all-cause and
cardiovascular mortality.

Results The overall median age of the cohort was 47.0 years (interquartile range (IQR) 32.0-62.0), and 4,585 (48.30%)
patients were male. During a median follow-up period of 37.0 months, 239 (2.52%) all-cause deaths occurred, 59
(0.62%) of which were attributed to cardiovascular events. Participants with all-cause and cardiovascular mortality
presented a higher hs-CRP/HDL-C ratio than did those without events [0.56 (0.24-1.38) vs. 0.37 (0.14-0.94) and 0.60
(0.23-1.60) vs. 0.37 (0.14-0.95), P<0.001 and P=0.002]. According to multivariate Cox regression models, the hs-CRP/
HDL-C ratio was found to be an independent risk factor for both long-term all-cause mortality [hazard ratio (HR)=1.09,
95% confidence interval (Cl): 1.05-1.13] and cardiovascular mortality (HR=1.11,95% Cl: 1.05-1.19). A two-piecewise
linear regression model indicated that the risk of all-cause mortality increased more prominently when the hs-CRP/
HDL-C ratio was less than 1.21. In addition, a significant interaction effect with smoking status was discovered
(P=0.006), indicating that the association of the hs-CRP/HDL-C ratio with all-cause mortality was stronger in
nonsmokers. The RCS curve revealed a positive linear association of the hs-CRP/HDL-C ratio with long-term mortality
after adjustment for potential confounders.

Conclusions The hs-CRP/HDL-C ratio is a crucial predictor of long-term mortality in the general population,
independent of potential confounding factors.
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Introduction

As a composite marker of low-grade inflammation and
lipid metabolism, the high-sensitivity C-reactive protein
(hs-CRP) to high-density lipoprotein cholesterol (HDL-
C) ratio enables the simultaneous investigation of distinct
effects and a comprehensive understanding of the inter-
action between hs-CRP and HDL-C [1]. The two haema-
tological parameters are well standardized, simple and
inexpensive to measure. These features make the hs-CRP/
HDL-C ratio a promising clinical indicator. Recently, it
has been reported that this indicator is associated with
the occurrence of new cardiovascular diseases (CVDs) in
middle-aged and elderly individuals in China [2]. How-
ever, its predictive value lacks a population-wide evalua-
tion. Furthermore, there is limited research on its role in
long-term all-cause and cardiovascular mortality.

CVDs are responsible for approximately 30% of the
global annual mortality rate (approximately 17.6 million
individuals) and almost 10% of the global burden of dis-
eases [3, 4]. Dyslipidaemia and low-grade inflammation
play crucial roles in the development of atherosclerosis,
a pathological condition that contributes to the onset
and progression of the majority of CVDs [5]. Low-grade
inflammation is defined as a mild and chronic increase
in inflammatory markers that does not reach the extent
of acute inflammation [6]. Hs-CRP, a reliable marker
for low-grade inflammation [7], is an acute-phase pro-
tein that is formed by hepatic aortic endothelial cells
and coronary artery smooth muscle cells in response to
proinflammatory cytokines triggered by oxidative stress
or inflammatory activation [8, 9]. Previous research has
shown that increased hs-CRP levels are associated with
the occurrence [10-12] and recurrence [13] of CVDs.
According to the American Heart Association, hs-CRP
levels of 1 mg and 3 mg are considered diagnostic thresh-
olds for individuals at medium and high risk of CVDs
[14]. In contrast, HDL-C is commonly recognized as a
protective factor against atherosclerosis. The primary
cardioprotective mechanisms are reverse cholesterol
transport, antioxidative ability, anti-inflammatory effects
and the protection of vascular endothelial cells [15]. In
epidemiological studies, HDL-C is a significant predic-
tor of mortality and cardiovascular mortality in specific
individuals [16, 17]. Nevertheless, owing to the heteroge-
neity of the population and the presence of several con-
founding or residual risk factors, it is challenging to use
hs-CRP or lipids alone to assess the prognosis of CVD
patients [18-20].

Increasing evidence has demonstrated that abnor-
mal lipid levels are frequently associated with aberrant
levels of inflammatory biomarkers, such as hs-CRP [21,
22]. However, the potential interaction between hs-CRP
and dyslipidaemia is unclear. To date, the association of
the hs-CRP/HDL-C ratio with long-term mortality in
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the general population remains uncertain. Hence, our
aim was to evaluate the predictive value of the hs-CRP/
HDL-C ratio for long-term all-cause and cardiovascu-
lar mortality in adults in the general population of the
United States based on the clinical data obtained from
the National Health and Nutrition Examination Survey
(NHANES).

Methods

Study population and ethics

This study cohort was selected from the official website
of the NHANES, a nationwide survey designed to collect
data in an unprejudiced manner from the noninstitution-
alized civilian population in the United States. The com-
prehensive protocol is available in the NHANES process
manual (https://wwwn.cdc.gov/nchs/nhanes/analyticgui
delines.aspx). In total, 19,227 participants across 2 con-
secutive cycles of the NHANES (2015-2018) were ini-
tially included in this study. The exclusion criteria were as
follows: [1] age<18 years (n=7,377) [2], baseline cancer
status (n=1,137) [3], missing data on hs-CRP and HDL-C
(n=1,180), and [4] missing follow-up data (n=41). After
manual data filtration, a final selection of 9,492 individu-
als remained for subsequent analyses. Figure 1 shows
a detailed flowchart for study cohort recruitment. All
participants (or their proxies/legal guardians) provided
written informed consent to participate in the study. This
study was reviewed and approved by the National Center
for Health Statistics (NCHS) Ethics Review Board, with
the approval number for each phase available at https:/
/www.cdc.gov/nchs/nhanes/irba98.htm. The approaches
were conducted in compliance with ethical principles
and regulations.

Assessment of exposure

Fasting blood samples were collected in accordance
with established protocols and procedures for venipunc-
ture. The quantification of hs-CRP and HDL-C in the
serum was performed via standard enzyme colorimetric
assays (see Supplementary material 1). All samples were
processed according to the standardized and uniform
NHANES protocol. The hs-CRP/HDL-C ratio was calcu-
lated by dividing the hs-CRP concentration (mg/L) by the
HDL-C concentration (mg/L).

Covariates

In accordance with previous studies, we collected as
many covariates as possible that were clearly associ-
ated with all-cause and cardiovascular mortality. The
study cohort underwent in-person or computer-assisted
personal interviews. The participants responded to a
questionnaire that requested demographic and health
details. The participants provided demographic data,
including their date of birth, sex, race and health-related
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Participants of NHANES from 2015-2018 (n=19227)

ePartcipants with age<18 (n=7377)
eBaseline with cancer (n=1137)

. _
Enrolled (n=10713)

Excluded (n=1221)

eParticipants with missing data on hs-CRP and HDL-C (n=1180)
eParticipants missing follow-up data (n=41)
.

Data for analyses (n=9492)

Fig. 1 Flow diagram of study selection. NHANES, National Health and Nutrition Examination Survey

characteristics (such as medical history, smoking behav-
iours, alcohol consumption patterns and concomitant
medication), at baseline. The formula for calculating
body mass index (BMI) was weight (kg)/height squared
(m?). The following data pertaining to medical history
were collected from self-reported information: hyper-
tension, diabetes, heart failure, coronary artery disease
(CAD), and stroke. Subjects were classified as smokers if
they had smoked for a duration exceeding 6 months or
consumed more than 100 cigarettes. Additionally, sub-
jects who had consumed a minimum of 12 drinks within
the previous year were classified as drinkers [23].

Ascertainment of outcomes

The causes of mortality were classified in accordance
with the 10th edition of the International Classification
of Diseases (ICD-10). Endpoints included all-cause and
cardiovascular mortality (defined as deaths attributable
to cardiovascular disease (codes 100-199)). The mortal-
ity data were acquired by cross-referencing the National
Death Index (https://www.cdc.gov/nchs/data-linkage/m
ortality.htm) with the NHANES datasets. The follow-up
period commenced on the date of survey participation
and ended on December 31, 2018, when mortality, drop-
out, or the date specified in the survey occurred.

Statistical analysis

Owing to the utilization of a series of intricate sampling
designs in the NHANES survey, our analytical methods
incorporated the sample weights associated with dis-
tinct research periods to derive precise estimates of sta-
tistics related to health [24]. The Shapiro—Wilk test was
conducted to assess the normality of the distribution of

continuous variables. Nonnormally distributed variables
are presented as medians (interquartile ranges, IQRs),
whereas categorical variables are presented as propor-
tions. The Mann—Whitney U test or x> test was applied
for group comparisons. A two-piecewise linear regres-
sion model was applied to determine the inflection
points. The log-rank test was used to evaluate the differ-
ence in fitting capability between regression models.

Multiple Cox regression models were employed to
explore the independent association of the hs-CRP/
HDL-C ratio with long-term mortality. Model 1 was a
rudimentary model excluding adjustment for confound-
ers. Model 2 included covariates such as age, sex, race,
BM]I, alcohol consumption and smoking status. Model
3 further incorporated lipid-lowering drug use and con-
ventional cardiovascular risk factors such as hyperten-
sion, diabetes, heart failure, CAD, and stroke, in addition
to the covariates already included in Model 2. Subgroup
analysis was performed by examining the results of the
fully adjusted models that were stratified by sex, age,
smoking status, and alcohol consumption status. More-
over, the interactions between these variables were
assessed. Furthermore, we utilized restricted cubic spline
(RCS) models to visualize the relationship between the
hs-CRP/HDL-C ratio and mortality risk. The optimal
cut-off value was determined for risk stratification based
on the Youden index, and Kaplan—Meier (K—-M) survival
curves and log-rank tests were used to evaluate differ-
ences in survival between groups.

Missing values were replaced by multiple imputa-
tion. All the statistical analyses were conducted using
R software version 4.2.0 (http://www.R-project.org, R
Foundation for Statistical Computing, Vienna, Austria).
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Table 1 Demographic and baseline characteristics of
participants by long-term all-cause mortality
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Table 2 Demographic and baseline characteristics of
participants by long-term cardiovascular mortality

No events Events (n=239) P No events Events (n=59) P
(n=9,253) value (n=9,433) value
Age (years) 46.00 (31.00-61.00) 73.00 <0.001 Age (years) 47,00 (32.00-61.00)  74.00 <0.001
(62.00-80.00) (67.50-80.00)
Age group Age group
<65 years 7533 (81.41%) 74 (30.96%) <0.001 <65 years 7593 (80.49%) 14 (23.73%) <0.001
>65 years 1720 (18.59%) 165 (69.04%) >65 years 1840 (19.51%) 45 (76.27%)
Sex Sex
Male 4437 (47.95%) 148 (61.92%) <0.001 Male 4542 (48.15%) 43 (72.88%) <0.001
Female 4816 (52.05%) 91 (38.08%) Female 4891 (51.85%) 16 (27.12%)
Race Race
Mexican American 1575 (17.02%) 40 (16.74%) <0.001 Mexican American 1605 (17.01%) 10 (16.95%) 0.069
Non-Hispanic white 1093 (11.81%) 21 (8.79%) Non-Hispanic white 05 (11.71%) 9 (15.25%)
Non-Hispanic black 2844 (30.74%) 107 (44.77%) Non-Hispanic black 2926 (31.02%) 25 (42.37%)
Other Hispanic 2045 (22.10%) 50 (20.92%) Other Hispanic 2083 (22.08%) 12 (20.34%)
Other races 1696 (18.33%) 21 (8.79%) Other races 1714 (18.17%) 3(5.08%)
Drinking 4392 (47 47%) 81 (33.89%) <0.001 Drinking 4452 (47.20%) 21 (35.59%) 0.075
Smoking 3598 (38.88%) 149 (62.34%) <0.001 Smoking 3717 (39.40%) 30 (50.85%) 0.073
Hypertension 3055 (33.02%) 147 (61.51%) <0.001 Hypertension 62 (33.52%) 40 (67.80%) <0.001
Diabetes 1252 (13.53%) 80 (33.47%) <0.001 Diabetes 1305 (13.83%) 27 (45.76%) <0.001
Heart failure 237 (2.56%) 49 (20.50%) <0.001 Heart failure 264 (2.80%) 22 (37.29%) <0.001
CAD 291 (3.14%) 40 (16.74%) <0.001 CAD 314 (3.33%) 7 (28.81%) <0.001
Stroke 301 (3.25%) 35 (14.64%) <0.001 Stroke 329 (3.49%) ( 1.86%) <0.001
Lipid-lowering drugs 1597 (17.26%) 89 (37.24%) <0.001 Lipid-lowering drugs 1659 (17.59%) 27 (45.76%) <0.001
BMI (kg/mz) 2840 (24.50-33.40) 28.55 0.629 BMI (kg/mz) 2840 (24.50-33.40)  29.10 0.796
(24.60-32.20) (25.30-32.20)
Hs-CRP (mg/L) (O 80-4. 43) 3.01(1.30-6.59)  <0.001 Hs-CRP (mg/L) 90 (0.80-4.50) 2.85 (1.25-6.06) 0.010
HDL-C (mmol/L) 32 (1.0 60) 1.29(1.03-1.58) 0.144 HDL-C (mmol/L) 32 (1.09-1.60) 122 (0.94-147) 0.006
HDL-C (mg/L) 5.10 (4 22-6. 19) 4.99 (3.98-6.11) HDL-C (mg/L) 0(4.22-6.19) 4.72 (3.62-5.68)
Hs-CRP/HDL-C ratio 0.37(0.14-0.94) 0.56 (0.24-1.38)  <0.001 Hs-CRP/HDL-C ratio 0.37 (0.14-0.95) 0.60 (0.23-1.60) 0.002

Data were presented as median (Q1-Q3) or N (%). CAD, coronary artery disease;
BMI, body mass index; hs-CRP, high-sensitivity C-reactive protein; HDL-C, high-
density lipoprotein cholesterol; Divide HDL-C (mmol/L) by 0.2586 to convert to
mg/L

A two-tailed P value<0.05 was considered statistically
significant.

Results

Baseline characteristics

The overall median age of this study cohort (1n=9,492)
was 47.0 years (IQR 32.0-62.0), and 4,585 (48.30%) were
male. The median hs-CRP/HDL-C ratio was 0.38 (IQR
0.14-0.95), with a percentile range of 0.04 to 3.05 (5th to
95th percentile) and 0.01 to 8.41 (1st to 99th percentile).
During a median follow-up period of 37.0 months, 239
(2.52%) all-cause deaths occurred, 59 (0.62%) of which
were attributed to cardiovascular events.

The study population was divided into two groups
based on long-term all-cause mortality: subjects with-
out events (7=9,253) and those with events (17=239).
Table 1 provides a thorough comparison of the funda-
mental characteristics of the two groups. The partici-
pants in the group with events were older and mostly

Data were presented as median (Q1-Q3) or N (%). CAD, coronary artery disease;
BMI, body mass index; hs-CRP, high-sensitivity C-reactive protein; HDL-C, high-
density lipoprotein cholesterol; Divide HDL-C (mmol/L) by 0.2586 to convert to
mg/L

male, and this group had a greater proportion of smokers
(all P values<0.001). Cerebrovascular diseases, including
hypertension, diabetes, heart failure, CAD and stroke, as
well as the use of lipid-lowering medications, were more
prevalent in the group with all-cause mortality (all P val-
ues<0.001). Importantly, the participants with events
had significantly higher hs-CRP (P<0.001) and hs-CRP/
HDL-C ratios [0.56 (0.24-1.38) vs. 0.37 (0.14-0.94),
P<0.001].

On the basis of long-term cardiovascular mortality, the
study population was categorized into two groups: those
with events (#=59) and those without events (7=9,433).
The baseline characteristics of these two groups are pre-
sented in Table 2. The participants with cardiovascular
events were older and predominantly male (both P val-
ues<0.001). In the group with cardiovascular mortality,
there was a higher incidence of hypertension, diabetes,
heart failure, CAD and stroke, as well as an increased use
of lipid-lowering drugs (all P values <0.001). Additionally,
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Table 3 Multivariate Cox models for long-term mortality for the hs-CRP/HDL-C ratio in the pooled cohort
Model 1 Pvalue Model 2 Pvalue Model 3 Pvalue
HR (95% ClI) HR (95% ClI) HR (95% ClI)
All-cause mortality
HDL-C (mg/L) 0.98 (0.90, 1.05) 0.528 0.94 (0.86, 1.03) 0.208 0.98 (0.90, 1.08) 0.737
Hs-CRP (mg/L) 1.02 (1.01,1.03) <0.001 1.02 (1.01,1.03) <0.001 1.02 (1.01,1.03) <0.001
Hs-CRP/HDL-C ratio 1.10(1.07,1.13) <0.001 1.10(1.07,1.14) <0.001 1.09 (1.05,1.13) <0.001
Cardiovascular mortality
HDL-C (mg/L) 0.75(0.62,091) 0.003 0.74 (0.60,0.91) 0.005 0.82 (0.66, 1.02) 0.071
Hs-CRP (mg/L) 1.02 (1.00, 1.03) 0.013 1.02 (1.01,1.04) 0.002 1.02 (1.00, 1.04) 0.014
Hs-CRP/HDL-C ratio 1.10 (1.05, 1.16) <0.001 1.14.(1.08,1.21) <0.001 1.11 (1.05,1.19) 0.001

HR, hazard ratio; Cl, confidence interval
Model 1: non-adjusted
Model 2: adjusted for age, sex, race, drinking, smoking and BMI

Model 3: adjusted for age, sex, race, drinking, smoking, BMI, hypertension, diabetes, heart failure, coronary artery disease, stroke and lipid-lowering drugs
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Fig. 2 Restricted cubic spline plots of the association between the hs-CRP/HDL-C ratio ratio with long-term all-cause mortality (A) and cardiovascular
mortality (B) in the general population. Analysis was adjusted for age, sex, race, drinking, smoking, BMI, hypertension, diabetes, heart failure, coronary

artery disease, stroke and lipid-lowering drugs. HR, hazard ratio

these patients presented a considerably higher hs-CRP/
HDL-C ratio [0.60 (0.23-1.60) vs. 0.37 (0.14-0.95),
P=0.002] as a result of their higher serum hs-CRP and
lower HDL-C levels (both P values<0.05).

Baseline characteristics described in accordance with
the quartiles of the hs-CRP/HDL-C ratio were shown
in Supplementary Table 1. All baseline confounders had
significant differences among quartiles of the hs-CRP/
HDL-C ratio (all P values<0.01).

Association of the hs-CRP/HDL-C ratio with long-term all-
cause mortality

To address the effects of potential confounders, covari-
ates such as age, sex, race, BMI, drinking, smoking,
hypertension, diabetes, heart failure, CAD and stroke
were included as adjustment factors in the multivari-
ate regression. The final Cox regression model demon-
strated a substantial association between an increase in

the hs-CRP/HDL-C ratio and an elevated risk of long-
term all-cause mortality (HR=1.09, 95% CI: 1.05-1.13;
Table 3). An increase in the ratio by 1 was associated with
a 9% increase in the risk of all-cause mortality. The RCS
model revealed a positive linear correlation between the
hs-CRP/HDL-C ratio and long-term all-cause mortality
(P for nonlinearity=0.055, Fig. 2A). As shown in Table 4,
the two-piecewise linear regression model provided
superior fitting capability in comparison with the stan-
dard linear model (log likelihood ratio=0.008). When the
hs-CRP/HDL-C ratio was less than the inflection point
of 1.21, the risk of all-cause mortality increased more
substantially (HR=1.92, 95% CI: 1.39-2.65, P<0.001),
and after 1.21, the mortality risk tended to flatten out
(HR=1.09, 95% CIL 1.05-1.13, P<0.001). The par-
ticipants were divided into a low-risk group (hs-CRP/
HDL-C ratio<1.094) and a high-risk group (hs-CRP/
HDL-C ratio>1.094) based on the optimal cut-off value
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Table 4 Threshold effect analysis of the hs-CRP/HDL-C ratio on
long-term all-cause and cardiovascular mortality by using two-
piecewise linear regression

All-cause mortality

Cardiovascular

mortality
HR(95%Cl) Pvalue HR(95%Cl) P
value

Fitting by standard 1.09 (1.05, <0.001 1.11(1.05, 0.001

linear model 1.13) 1.19)

Fitting by two-piece-

wise linear model

Inflection point 1.21 1.53

< Inflection point 1.92 (1.39, <0.001 209 (1.25, 0.005
2.65) 3.49)

> Inflection point 1.09 (1.05, <0.001 1.11(1.04, 0.003
1.13) 1.19)

Log likelihood ratio 0.008 0.078

HR, hazard ratio; Cl, confidence interval. Adjusted for age, sex, race, drinking,
smoking, BMI, hypertension, diabetes, heart failure, coronary artery disease,
stroke and lipid-lowering drugs

determined by the Youden index. K—-M survival curves
revealed a significant disparity in the risk of all-cause
mortality between the groups (P for log-rank test<0.001,
Fig. 5A).

Association of the hs-CRP/HDL-C ratio with long-term
cardiovascular mortality

The fully adjusted Cox model demonstrated a statistically
significant positive association between the hs-CRP/
HDL-C ratio and long-term cardiovascular mortality
(HR=1.11, 95% CI: 1.05-1.19; Table 3). An increase in the
ratio of 1 was associated with an 11% increase in the risk
of long-term mortality from cardiovascular causes. The
RCS analysis presented in Fig. 2B indicated a progres-
sive linear increase in HRs for long-term cardiovascular
mortality as the hs-CRP/HDL-C ratio increased (P for
nonlinearity=0.520). As illustrated in Table 4, the fitting
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capability of the two-piecewise linear regression model
was not statistically distinct from that of the standard
linear model (log likelihood ratio=0.078). Similarly, the
optimal cut-off value for classifying participants into low-
risk and high-risk groups was 0.154. The long-term risk
of cardiovascular mortality varied significantly between
the groups, according to the K—M survival curves (P for
log-rank test<0.001, Fig. 5B).

Subgroup analysis

A stratified analysis by sex, age, drinking status and
smoking status further examined the associations of the
hs-CRP/HDL-C ratio with long-term mortality (Table 5).
All the subgroups, except for the nondrinker subgroup,
presented a positive association between the hs-CRP/
HDL-C ratio and long-term all-cause mortality (all P val-
ues<0.05). A positive association between the hs-CRP/
HDL-C ratio and long-term cardiovascular mortality was
also observed in all subgroups (all P values<0.05), with
the exception of elderly individuals, females, and drink-
ers. Additionally, a notable interaction existed between
smoking status and long-term all-cause mortality (P for
interaction=0.006), indicating that the association of
the hs-CRP/HDL-C ratio with all-cause mortality was
more apparent in nonsmokers (P<0.001). The remain-
ing subgroups did not exhibit significant interactions (all
P values for interaction>0.05). The RCS curve showed in
detail how the mortality risk increased with increasing
hs-CRP/HDL-C ratios in each subgroup (Figs. 3 and 4).

Discussion

The innovative significance of this study lies in the first
evaluation exploring the predictive value of a composite
marker of low-grade inflammation and lipid metabolism,
the hs-CRP/HDL-C ratio, in adults the general popula-
tion. This finding indicated that an elevated hs-CRP/

Table 5 Subgroup analysis for the association between the hs-CRP/HDL-C ratio and long-term mortality

Subgroups  All-cause mortality Cardiovascular mortality
N (%) Hs-CRP/HDL-Cratio HR (95% Cl)  Pvalue  P-int N (%) Hs-CRP/HDL-Cratio  Pvalue  P-int
HR (95% Cl)
Age 0.247 0.635
<65 years 74 (0.97%) 1.09 (1.04, 1.14) 0.001 14 (0.18%) 1.10(1.02, 1.20) 0.021
>65 years 165 (8.75%) 1.08 (1.02,1.13) 0.005 45 (2.39%) 1.09 (0.98,1.21) 0111
Sex 0499 0.278
male 148 (3.23%) 1.10(1.05, 1.15) <0.001 43 (0.94%) 1.13(1.05,1.21) 0.001
female 91 (1.85%) 1.07 (1.01,1.14) 0.025 16 (0.33%) 1.03(0.83,1.28) 0.802
Drinking 0.105 0618
Yes 81 (1.81%) 1.14(1.08, 1.19) <0.001 21 (047%) 1.11(0.96, 1.28) 0.161
No 158 (3.15%)  1.05(0.99,1.11) 0.079 38(0.76%)  1.13(1.05,1.21) 0.001
Smoking 0.006 0.368
Yes 149 (3.98%) 1.07 (1.02,1.12) 0.007 30 (0.80%) 1.10(1.02,1.19) 0.017
No 90 (1.57%) 1.18(1.12,1.25) <0.001 29(0.50%)  1.19(1.05,1.34) 0.006

HR, hazard ratio; Cl, confidence interval; P-int, P for interaction. Adjusted for age, sex, race, drinking, smoking, BMI, hypertension, diabetes, heart failure, coronary

artery disease, stroke and lipid-lowering drugs except the subgroup variable
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HDL-C ratio was associated with increased long-term
mortality, independent of other established risk factors,
and the same results were also observed in different sub-
groups. Compared with that in smokers, the hs-CRP/
HDL-C ratio in nonsmokers was more strongly associ-
ated with the risk of all-cause mortality. Subsequent anal-
ysis revealed a positive linear relationship between the
hs-CRP/HDL-C ratio and long-term mortality.

Recently, a growing number of studies have concen-
trated on potential risk markers of long-term clinical
outcomes, particularly composite predictors of haema-
tological parameters, as a single indicator ignores cer-
tain residual risk factors, hence decreasing the accuracy
of predictions. Several composite inflammatory indica-
tors (e.g., ratios of neutrophils to lymphocytes, platelets

to lymphocytes, monocytes to lymphocytes) and com-
posite lipid indices [e.g., ratios of triglycerides (TGs) to
HDL-C, low-density lipoprotein cholesterol (LDL-C)
to HDL-C, and non-HDL-C to apolipoprotein B] are
well-studied predictors of mortality and specific-cause
mortality [25-30], but it is clear that they are unable to
reflect the interaction between the inflammatory state
and lipid metabolism. In fact, both inflammatory reac-
tions and abnormal lipid metabolism are often involved
in most pathological processes [5]. Composite markers of
inflammatory indicators in routine blood tests and lipid
parameters (e.g., ratios of monocyte to HDL-C and lym-
phocyte to HDL-C) have also been found to be associated
with mortality in certain individuals [31, 32]. However,
the general applicability of these findings is limited by
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the fact that leukocyte parameters have a wide range of
values, lag behind the inflammatory response, and are
affected by underlying diseases, physiological conditions,
and drug use [33]. Low-grade inflammation has been
proven to be involved in a variety of pathological mecha-
nisms, including atherosclerosis [34]. Consequently, a
more sensitive inflammatory indicator with a stronger
anti-interference ability is needed to replace leukocytes.
Owing to the use of a more sensitive detection method,
hs-CRP can be measured to a minimum detection limit
of 0.11 mg/L, which is significantly lower than the physi-
ological CRP level of 3 mg/L [35].

However, the clinical application of hs-CRP or HDL-C
alone to evaluate long-term outcomes has many limi-
tations. First, there are distinct racial and population

differences in hs-CRP, with a significantly higher level
in Caucasians [36], making it difficult to set appropri-
ate clinical decision points. Furthermore, not all studies
support hs-CRP as an independent predictor of mortal-
ity in the general population [37], and conflicting results
have been reported in people dying from cancer [37-39],
which may be related to the protective effects of endog-
enous reproductive hormones, such as oestrogen [40].
Moreover, statin therapy can significantly reduce the level
of hs-CRP, and this effect is time- and dose-dependent
[41, 42]; as a consequence, the use of composite indica-
tors can account for the modification effect of statins
on lipoproteins such as HDL-C. In regard to HDL-C,
the failure of targeted therapy to increase HDL-C in
recent years has raised doubts about its cardiovascular
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protective effect [20], as it cannot account for cardio-
vascular residual risk [43, 44]. Recent epidemiological
studies have demonstrated that HDL-C is associated
with all-cause mortality in a U-shaped pattern [45-47],
and similar evidence has also emerged in Mendelian ran-
domization studies [48, 49]. The possible mechanism is
that moderate to high concentrations of HDL-C cause
activation of the Rho-associated kinase pathway, which
paradoxically impairs human endothelial progenitor cells
and associated angiogenesis [50]. Second, variants of cer-
tain genes, such as CETP, SCARB1, ABCA1, and LIPC,
could contribute to elevated HDL-C levels as well as an
increased risk of adverse events [51-54]. Furthermore, at
high HDL-C concentrations, extremely large HDL par-
ticles may cause particles such as LDL to be trapped in
the arterial intima, which accelerates the development of
atherosclerosis [47]. The U-shaped association of HDL-C
with all-cause mortality may partly explain the novel
finding in this study. When the hs-CRP/HDL-C ratio is
less than 1.21, the risk of all-cause mortality increases
more prominently and then gradually stabilizes because
HDL-C, the denominator of the ratio, is positively corre-
lated with the risk of all-cause mortality above a certain
threshold.

Importantly, the ability of the hs-CRP/HDL-C ratio to
predict long-term outcomes has not been fully explored.
Similar studies have been restricted to specific areas and
populations and have only examined associations with

new CVDs. For example, in a 12-year prospective cohort
study of 4,128 adults aged 19 to 96 years from Yixing city,
China, negative effects of abnormal blood lipid levels and
hs-CRP on the risk of CVDs were identified [1]. Simi-
larly, a study utilizing data from the China Health and
Retirement Longitudinal Study (CHARLS) revealed that
a high hs-CRP/HDL-C ratio was a significant risk factor
for CVDs [2]. These studies provide a factual basis for our
conclusions.

There are complex interactions between inflammation
and lipid metabolism during the progression of diseases.
In addition to its anti-inflammatory ability, HDL-C has
antioxidative, endothelial/vasodilatory, antithrombotic,
and cytoprotective effects, as well as the ability to reverse
cholesterol transport [55]. Specifically, the anti-inflam-
matory ability of HDL-C inhibits the oxidative modifi-
cation of LDL-C by lowering the expression of adhesion
molecules on the surface of endothelial cells [56]. HDL-C
inhibits the adhesion of T lymphocytes and monocytes
to the vascular endothelium and their migration to ath-
erosclerotic regions [57, 58]. In contrast, inflamma-
tion causes a reduction in HDL-C levels and changes
in HDL-C structure, as well as notable modifications in
HDL-C-related proteins, enzymes, and transfer proteins
involved in HDL-C metabolism and function [59]. How-
ever, the specific mechanism of the interaction between
hs-CRP and HDL-C remains to be studied with exact
methodology.
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At present, several composite indicators that combine
hs-CRP with other lipid markers, such as triglyceride-
glucose (TyG) [60] and remnant lipoprotein cholesterol
[61], exist in clinical practice, but they have many limita-
tions. Primarily, there are insufficient studies to support
the reliability of these indicators, and their predictive
ability in the whole population is lacking. In addition,
these studies were limited to certain areas and popula-
tions and were related only to CVDs. Furthermore, the
determination of TyG requires fasting, whereas HDL-C
is independent of TGs variability and can be reliably
measured regardless of fasting status [62, 63]. Moreover,
remnant cholesterol is an estimate that relies on accurate
measurements of LDL-C, but LDL-C levels are also inac-
curate, with TGs concentrations greater than 800 mg/L,
regardless of the methods used [64].

In the future, cardiovascular-related inflammasomes
[65] and more precise methods for measuring lipid pro-
files [66, 67] (e.g., nuclear magnetic resonance spectros-
copy, vertical autoprofile and ion mobility analysis) will
be a focus of interest. Although these measurements are
expensive and require special equipment and strict stor-
age and transport procedures, it is exciting that these
methods are expected to be used to accurately predict the
risks of long-term adverse events.

The current study has several key aspects and notable
strengths. First, it is based on the NHANES database,
which is characterized by its extensive sample size, com-
prehensive coverage of various demographic groups in
the United States and reliable data quality. In addition,
this retrospective cohort study offers substantial evidence
regarding the ability of the hs-CRP/HDL-C ratio to pre-
dict long-term all-cause and cardiovascular mortality in
the general population. No comparable research has been
conducted previously. Finally, we initially employed RCS
models to visualize the correlation between the hs-CRP/
HDL-C ratio and the long-term risk of mortality.

Nevertheless, it is imperative to recognize that our
study has certain limitations. Our conclusions are drawn
primarily from individuals who reside in the United
States, so surveys in different countries and regions
are warranted to determine the global applicability
of these findings. Additionally, data on hs-CRP in the
NHANES are missing before 2015 and after 2018. This
is because with the innovation of detection methods,
hs-CRP replaced CRP as a common inflammatory indi-
cator after 2015. Currently, the mortality data linked to
the NHANES are updated only to 2018. Consequently,
more databases can serve as external validation sets for
this study. The assessment of hs-CRP, HDL-C and other
covariates was limited to the baseline, thereby discount-
ing possible changes that might have occurred during the
follow-up period. There is also the possibility that some
participants may have elevated hs-CRP levels due to an

Page 10 of 13

acute inflammation state at baseline. The long-term lev-
els among adults may not be accurately represented by
the ratio. Moreover, constraints regarding comprehensive
monitoring and analysis of physical activity and medica-
tion adherence made it difficult to exclude the possibility
that medication and physical activity influence long-term
outcomes. Finally, the covariates pertaining to the medi-
cal history data were collected via self-reports, which
inevitably introduced recall bias. Above all, although
the hs-CRP/HDL-C ratio has good predictive power, its
wide clinical application still needs to be verified by more
external data and prospective studies.

Conclusions

In summary, our study demonstrated that the hs-CRP/
HDL-C ratio is closely associated with long-term mor-
tality in the general population, independent of potential
confounding factors. These findings indicate that it may
serve as a prospective predictor of long-term clinical
outcomes. Owing to the limited study population, more
cohort studies with larger sample sizes are needed to
generalize our conclusions and provide reliable risk strat-
ification for populations of different races/ethnicities.
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