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Abstract

Background The relationship of cumulative remnant-cholesterol (Cum-RC) concentration with the risk of cardiovas-
cular disease (CVD) in patients with hypertension remains unclear.

Methods We studied data for 28,698 individuals for whom three consecutive total cholesterol, high-density
lipoprotein-cholesterol (HDL-C), and triglyceride concentrations were available, and who did not have CVD (14,349
with hypertension and 14,349 without), that was collected between 2006 and 2010. Participants with hypertension
were placed into four groups based on Cum-RC quartile: a Q1 group (< 26.40 mg/dl), a Q2 group (26.40-39.56 mg/
dl), a Q3 group (39.57-54.65 mg/dl), and a Q4 group (= 54.66 mg/dl). Cox proportional hazards models were used
to evaluate the relationship between Cum-RC and the risk of CVD.

Results Over a median 10.9 (interquartile range, 10.5-11.3) years, 1,444 participants with hypertension devel-

oped CVD. After adjustment for multiple potential confounding factors, and compared with the Q1 Cum-RC group

of the participants with hypertension, the adjusted hazard ratios for CVD for the Q2-Q4 groups were 1.07(0.92,1.26),
1.08(0.91,1.28), and 1.26(1.03,1.54) (P=0.0405); those for myocardial infarction were 1.51(1.00,2.31), 2.02(1.22,3.27),

and 2.08(1.41,3.28) (P<0.0001); and those for ischemic stroke were 1.02(0.84,1.24), 1.04(0.86,1.25), and 1.29(1.02,1.62),
respectively (P=0.0336). However, no significant relationship was found between Cum-RC and the risk of hemorrhage
stroke. At the same Cum-RC, the risk of CVD was significantly higher in participants with hypertension than in those
without.

Conclusions A consistently high remnant-cholesterol concentration increases the risk of CVD in individuals

with hypertension. Therefore, the achievement of blood pressure and RC concentration targets should help reduce
the risk of CVD in individuals with hypertension.
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Background

Cardiovascular disease (CVD) is one of the leading
causes of death worldwide [1]. In China, the incidences
of CVD and CVD-related mortality continue to rise,
and it accounts for two out of every five deaths [2].
Hypertension and abnormal lipid metabolism are major
risk factors for CVD [1, 3-5]. Lewington et al. found
that from blood pressure as low as 115/75 mmHg, the
risk of developing CVD doubles for every increase in
blood pressure of 20/10 mmHg [3]. Although LDL-C
has been a particular focus during the past few decades,
recent studies have shown that even after target LDL-C
concentrations are achieved through statin therapy,
the incidence of recurrence of cardiovascular events is
high, which indicates that residual risk remains [6, 7].
Remnant cholesterol (RC) plays an important role in
residual cardiovascular risk [8, 9] and can explain the
risks of cardiovascular events and mortality that remain
after target LDL-C concentrations are achieved [10].
Moreover, an increasing amount of evidence suggests
that RC is more useful than LDL-C for the prediction of
arterial sclerosis and the assessment of cardiovascular
risk [10, 11].

RC increases the risk of CVD in people with either
diabetes or pre-diabetes [12]. Previous studies have
also shown that RC can accelerate the development
of hypertension [13], and when hypertension and an
abnormal circulating lipid profile coexist, the risk of
CVD further increases [14]. However, previous studies
of the combined effects of hypertension and abnormal
lipid metabolism on CVD have principally analyzed the
joint effects of LDL-C and blood pressure [14], and no
studies have investigated the effect of RC in combina-
tion with hypertension on the risk of CVD. Therefore,
to clarify the effect of this combination on the risk of
CVD, we used cumulative remnant cholesterol (Cum-
RC), an index that is potentially superior to a single
measurement of RC, to analyze the effect of this lipid on
the incidence of CVD in individuals with hypertension.

Methods

Study design and participants

The Kailuan Study (registration number: ChiCTR-
TNRC-11,001,489) is a prospective cohort study of the
investigation of and interventions for CVD and related
risk factors that is being conducted with community-
based participants. A full description can be found in
other articles published by our team [15, 16]. In 2006,
investigators based at Kailuan General Hospital and its

10 affiliated hospitals conducted the first health exami-
nations of 101,510 current or retired employees of the
Kailuan Group, then follow-up examinations were con-
ducted every 2 years thereafter, with the same meas-
urements being made on each occasion. In the present
study, to evaluate the cumulative effect of RC on CVD
in participants with hypertension, we included only the
participants who underwent health examinations in
each of 2006, 2008, and 2010. The exclusion criteria were
as follows: lack of participation in these three consecu-
tive health examinations; missing TC, HDL-C, or LDL-C
data during this period; and the development of CVD or
cancer, or death, before 2010. Participants with hyper-
tension who met the inclusion criteria and those with-
out hypertension were matched in the baseline year of
2010 according to age (+1 year) and sex at a ratio of 1:1.
After the application of these criteria, a total of 14,349
participants with hypertension and an equal number of
those without were identified, and they were followed
until December 31, 2021. A flow diagram of the inclusion
and exclusion process is provided in Fig. 1. The study was
approved by the Ethics Committee of Kailuan General
Hospital (approval number: 200,605) and was conducted
according to the principles of the Declaration of Helsinki.
Written informed consent was obtained from all the
participants.

Data collection

The details of the epidemiological survey and the anthro-
pometric measurement made can be found in previ-
ous publications by our research group [15-17]. All the
measurements were made in a quiet room at a temper-
ature between 22°C and 25°C. All the participants com-
pleted a questionnaire during each physical examination
that collected information regarding their demographic
characteristics (sex, age, and educational level), medi-
cal history (of hypertension, diabetes, and CVD; plus the
use of antihypertensive drugs, glucose-lowering drugs,
or lipid-lowering drugs), and lifestyle (smoking status,
alcohol consumption habits, and exercise habits). When
making anthropometric measurements, the participants
were required to wear lightweight clothing and no shoes.
Trained physicians measured their body mass and height
according to standardized procedures, under standard-
ized conditions, using calibrated instruments, to the
nearest 0.1 kg and 0.1 c¢m, respectively. Body mass index
(BMI) was calculated as body mass (kg) divided by height
squared (m?). The blood pressure of the participants was
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Participants enrolled in baseline survey at 2006
(N=101,510)
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Excluded:

Y

- 43,583 participants did not finish the survey at 2008 and 2010.

- 13,743 participants with missing data on TC or HDL-C or LDL-C at baseline.
- 1,110 participants with CVD or cancer before 2006-2007 survey.

- 2,064 participants with CVD, cancer or death in 2006-2010.

A

Participants met the inclusion criteria at 2010
(N=41,010)

Hypertensive and non-hypertensive participants matched
1:1 according to age (+1 year) and gender

Median follow-up duration 11 years (10.5,11.3)

A

Hypertensive participants (N=14,349) and non-
hypertensive participants (N=14,349) included in
analysis and follow-up Until December 31 2021

Fig. 1 Flow chart for the inclusion of participants in the study

measured in the right arm by an experienced physician
using a calibrated mercury sphygmomanometer after
a 15-minute rest. At least two blood pressure measure-
ments were made and the mean value was recorded.
However, if the difference between the two measure-
ments was >5 mmHg, another measurement was made,
and the mean of the last two readings was recorded.

Measurement of biochemical parameters

The participants were required to fast for more than 8 h,
then venous blood samples were collected, and serum
was separated by centrifugation. The serum concentra-
tions of TC, LDL-C, HDL-C, TG, fasting glucose, and
high-sensitivity C-reactive protein (hs-CRP) were meas-
ured using a Hitachi 7600 automatic biochemical ana-
lyzer (Tokyo, Japan), according to the kit manufacturers’
instructions, by professional laboratory technicians.

Definition of remnant cholesterol
RC was calculated as TC —HDL-C — LDL-C [16]. The for-
mula used for the calculation of the time-weighted mean

Cum-RC was [(RCypp+ RCyp0s)/2%(Visit timeyy,g — Visit
time,n6)+(RCy00g + RCy;0) /2% (Visit time,;,— Visit
time,o,g)]/(Visit time,,,,— Visit time,gqs); where Visit
time, e, Visit timeyyg, and Visit Time,;;, were the dates
of follow-up during 2006, 2008, and 2010, respectively
[18, 19]. The participants were placed into groups accord-
ing to quartile of Cum-RC, as follows: Q1 (< 26.40 mg/dl),
Q2 (26.40-39.56 mg/dl), Q3 (39.57-54.65 mg/dl), and Q4
(>54.65 mg/dl).

Other definitions

Hypertension was defined using a systolic blood pressure
(SBP)>140 mmHg, and/or a diastolic blood pressure
(DBP) >90 mmHg, and/or the use of an antihypertensive
drug during the preceding 2 weeks [4]. According to the
2018 Revised Chinese Guidelines for the Prevention and
Treatment of Hypertension, participants whose blood
pressure was < 140/90 mmHg at all three physical exami-
nations conducted between 2006 and 2010 were defined
as having achieved blood pressure control, and those
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with any blood pressure reading>140/90 mmHg were
defined as not having achieved control [20]. Diabetes was
defined using an FPG >7.0 mmol/L, and/or a history of a
clear diagnosis of diabetes, and/or the use of a hypoglyce-
mic drug [21]. Users of lipid-lowering drugs were defined
as those who were taking a statin, niacin, or a fibric acid
derivative on a long-term basis [22]. A current smoker
was defined as someone who had smoked on average >1
cigarette/day for >1 year, and had smoked during the
preceding year. A current alcohol consumer was defined
as someone who had consumed on average > 100 ml/day
alcohol (alcohol content above 50%) for >1 year, and had
consumed alcohol during the preceding year. Educational
level was defined as junior high school or below, or sen-
ior high school or above. Education was defined as senior
high school or above. Participation in significant physical
exercise was defined as the performance of exercise>3
times/week for >30 min on each occasion [23].

Outcomes

The observation period started at the time of the physi-
cal examination in 2010, and the end point event was the
development of CVD, including ischemic stroke, hemor-
rhagic stroke, and myocardial infarction. The diagnos-
tic criteria used were those defined in the International
Classification of Diseases 10th Revision (ICD-10), with
121 for myocardial infarction, 160 to 161 for hemorrhagic
stroke, and 163 for ischemic stroke [24, 25]. Myocardial
infarction was defined as elevated troponin T or tro-
ponin I with or without the following manifestations:
ST-segment elevation on the electrocardiogram (ECG),
or changes in myocardial ischemia on the ECG, or symp-
toms such as chest pain [26].Stroke is defined as a focal
neurological deficit of sudden onset and vascular mecha-
nism of >24 h duration. The diagnosis of stroke was con-
firmed by a combination of brain computed tomography
(CT) or magnetic resonance (MR) according to the World
Health Organization (WHO) criteria and was classified
as ischemic stroke and cerebral hemorrhage [27].For par-
ticipants who experienced two or more events, the timing
and type of the first event were recorded as the outcome,
but if a participant experienced different types of cardio-
vascular event during the observation period, each event
was recorded separately. For participants who did not
experience any events, the observation period ended on
December 31, 2021. Trained medical staff reviewed the
diagnoses made upon admittance to hospitals affiliated
with the Kailuan Group and designated medical insur-
ance hospitals in Tangshan City every year, and recorded
information regarding the endpoint events. The diagno-
ses were confirmed by physicians based on the hospital
records.
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Statistical analysis

SAS 9.4 statistical software (Cary, NC, USA) was used for
data analysis. Normally distributed continuous data are
expressed as mean + standard deviation, and groups were
compared using one-way ANOVA. Skewed continuous
data are expressed as median and interquartile range, and
groups were compared using the Kruskal-Wallis test.
Categorical data are expressed as numbers or percent-
ages, and groups were compared using the chi-square
test. The incidence of CVD in each Cum-RC group was
calculated using the Kaplan—Meier method, and these
were compared using the Log-rank test. Subsequently,
we conducted a proportional hazards assumption, which
suggested a p-value>0.05. Cox proportional hazards
regression models were used to evaluate the relation-
ships of Cum-RC with the risks of CVD and its subtypes
in patients with hypertension by calculating hazard ratios
(HRs) and 95% confidence intervals (ClIs). Model 1 was
adjusted for age (continuous variable; years) and sex (cat-
egorical variable; male 1, female 0). Model 2 was further
adjusted for smoking status (categorical variable, smoker
or non-smoker), alcohol consumption (categorical vari-
able, alcohol drinker or non-drinker), physical exercise
habits (categorical variable, active or inactive), diabetes
(categorical variable, present or absent), SBP (continuous
variable, mmHg), HDL-C (continuous variable, mg/dl),
LDL-C (continuous variable, mg/dl), hs-CRP (continuous
variable, mg/L), BMI (continuous variable, kg/m?), eGFR
(continuous variable, ml/min/1.73m?), family history of
CVD (categorical variable, yes or no), the use of antihy-
pertensive drugs (categorical variable, yes or no), the use
of hypoglycemic drugs (categorical variable, yes or no),
and the use of lipid-lowering drugs (categorical variable,
yes or no). Model 3 was further adjusted for baseline
RC (continuous variable, mg/dl). In addition, with non-
hypertensive participants with Cum-RC <26.40 mg/dl as
the reference group, Cox proportional hazards regres-
sion models were used to evaluate the effect of the same
Cum-RC on the risk of CVD in patients with hyperten-
sion, versus those without. These models were corrected
for the variables listed above. Finally, stratified analyses
were conducted based on age, sex, and whether the blood
pressure of the participants was under control or not. To
ensure the robustness of the results, sensitivity analyses
were also conducted by excluding potential confound-
ing factors (cardiovascular events within the first year
of follow-up, the use of antihypertensive drugs, the use
of lipid-lowering drugs). We then compared the risk of
CVD in people with hypertension combined with dia-
betes and those with hypertension but no diabetes in the
cox proportional hazards regression models. These mod-
els were corrected for the variables listed above. Finally
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we compared the ability of non-HDL-C, RC,4y6, RCy10,
and Cum-RC to predict CVD risk in the China-PAR risk
assessment model [28, 29]. P<0.05 (two-tailed) was con-
sidered to represent statistical significance.

Results

Characteristics of the participants

A total of 14,349 participants with hypertension and
14,349 without were followed in the present study.
The mean age of the participants was 56.05+10.29
years, and men accounted for 82.0% of the participants
in each group. The baseline clinical and biochemical
characteristics of the participants with hypertension,
grouped according to the quartile of Cum-RC, are
shown in Table 1. The baseline clinical and biochemical
characteristics of the non-hypertensive participants are
shown in Additional file 1: Table S1, and a comparison
between the baseline characteristics of the two groups
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is presented in Additional file 1: Table S2. Compared
with the other three groups, the participants in the Q4
group, irrespective of the presence or absence of hyper-
tension, were older; had higher BMI, SBP, and DBP; had
higher fasting glucose, TG, RC, and hs-CRP concentra-
tions; were more likely to have unhealthy habits (smok-
ing, alcohol consumption, and physical inactivity); and
had a higher prevalence of diabetes (P<0.01) (Table 1).

Relationships of Cum-RC with the incidences of CVD and its
subtypes in the participants with hypertension

During a median follow-up period of 10.9 years (inter-
quartile range, 10.4 to 11.3 years), 1,444 (10.06%) par-
ticipants with hypertension experienced CVD events.
During the observation period, there were 283 cases of
myocardial infarction, 1,055 cases of ischemic stroke, and
148 cases of hemorrhagic stroke among the participants

Table 1 Baseline characteristics of participants with hypertension by cumulative RC quartiles

Total Q1 Q2 Q3 Q4 *P value
(<26.40 mg/dl) (26.40-39.56 mg/dl) (39.57-54.65 mg/dl) (>54.66 mg/dl)

Participants 14,349 3587 3587 3588 3587 /
Age (years) 56.05+10.29 55.59+10.81 56.07+£9.38 56.11+10.18 5644+10.74 0.02
Male, N (%) 11,771(82.0) 3041(84.8) 2974 (82.9) 2856(79.6) 2900(80.8) <0.01
BMI (kg/mz) 26.06+3.41 2547+3.34 26.17+£345 26.13+3.46 2645+3.30 <0.01
SBP (mmHg) 141.77 £19.08 142.09+19.56 140.96+19.42 41.85+19.12 142.19+8.16 <0.01
DBP (mmHg) 89.66+10.87 89.14+1093 89.63+11.07 89.93+1045 89.95+10.99 <0.01
HDL-C (mg/dl) 5744+1587 60.53+1543 56.71+15.02 56.31+15.72 56.21+£16.87 <0.01
LDL-C (mg/dl) 101.20+31.91 103.54+27.54 104.99+28.52 101.02+32.71 95.25+37.10 <0.01
*TG (mg/dl) 53.90(37.73-80.85) 36.58(26.95-48.90) 53.90(40.43-73.54) 53.90(42.35-85.86) 77.00(51.98-120.89) <0.01
*RCyp05(ma/dl) 45.43(25.03-71.61) 20.02(14.25-2849) 38.50(26.56-52.75) 56.21(40.81-73.15) 84.70(62.37-112.42) <0.01
*RC,00s(ma/dl) 32.34(19.63-53.90) 16.48(11.94-21.56) 29.26(22.33-36.96) 45.43(31.96-57.37) 67. 76(46 20-87.01)  <0.01
*RC,010(ma/dl) 29.65(16.56-54.29) 16.56(11.55-23.87) 26.95(16.56-41.20) 36.19(20.02-57.75) 98(37.35-93.17)  <0.01
*Cum-RC(mg/dl) 39.63(26.49-5549) 19.72(15.64-23.17) 32.92(29.79-36.04) 46.89(43.17-50.59) 68,70(61 03-8043) <0.01
FPG (mmol/L) 592+1.95 565+148 587+1.69 598+1.79 6.18+2.60 <0.01
*hs-CRP (mg/L) 1.40(0.62-3.20) 1.40(0.70-3.00) 1.30(0.55-3.00) 1.40(0.60-3.26) 1.30(0.66-3.63) <0.01
eGFR(mI/min/1.73m?) 84.73+£18.76 79.39+18.64 83.78+18.58 87.06+18.35 88.70+£18.10 <0.01
Current smoker, N (%) 5434(37.9) 1127(314) 1389(38.7) 1443(40.2) 1475(41.1) <0.01
Alcohol drinker, N (%) 4999(34.8) 1037(28.9) 1233(34.4) 1331(37.1) 1398(39.0) <0.01
Physical activity, N (%) 2151(15.0) 509( 2) 606(16.9) 564(W 5.7) 472(13.2) <0.01
Education, N (%) 2669(18.6) 91(16.5) 776(21.6) 81(19.0) 621(17.3) <001
Diabetes, N (%) 2335(16.3) 15(11.6) 535(14.9) 608(1 6.9) 777(21.7) <0.01
Antihypertensive drugs, N (%) 4372(30.5) 980(27 3) 118(31.2) 1117(31.1) 1157(32.3) <0.01
Hypoglycemic drugs, N (%) 1164(8.11) 185(5.16) 266(7.42) 309(8.61) 404(11.3) <0.01
Lipid-lowering drugs, N (%) 195(1.36) 16(0.45) 39(1.09) 57(1.59) 83(2.31) <0.01

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol,
FPG fasting plasma glucose, TG triglyceride, hs-CRP high-sensitivity C reactive protein,eGFR estimated glomerular filtration rate, RC remant cholesterol, Cum-RC

cumulative remant cholesterol
*P value, comparison of baseline characteristics between diferent Cum-RC groups
*TG, hs-CRP, RCyg06: RCy008: RC5910 @and Cum-RC were expressed by median (IQR)
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Q4 3587 3498 3381 3236 3066 2914
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Fig. 2 Kaplan—-Meier analysis of cumulative RC and incidence rate
of CVD in participants with hypertension

with hypertension. The cumulative incidences of CVD
in the various groups of participants with hyperten-
sion significantly differed, according to the log-rank test
(P<0.01; Fig. 2). The incidence of CVD increased across
the Q1-Q4 groups of the participants with hypertension:
it was 8.77, 9.65, 9.86, and 11.87 per 1,000 person-years,
respectively (Table 2). After adjustment for potentially
confounding factors in Model 3, compared with the Q1
Cum-RC group of participants with hypertension, the
adjusted HRs (95% Cls) for CVD for the Q2-Q4 groups
were 1.07(0.92,1.26), 1.08(0.91,1.28), and 1.26(1.03,1.54),
respectively (P=0.0405). The adjusted HRs (95% Cls) for
myocardial infarction were 1.51(1.00, 2.31), 2.02(1.22,
3.27), and 2.08(1.41, 3.28), respectively (P<0.0001); those
for ischemic stroke were 1.02(0.84, 1.24), 1.04(0.86, 1.25),
and 1.29(1.02, 1.62) (P=0.0336); and those for hemor-
rhagic stroke were 1.06(0.68, 1.71), 0.86(0.50, 1.46), and
0.97(0.51, 1.84), respectively(P=0.7247) (Table 2).

Comparison of the effects of Cum-RC on the risk of CVD

in participants with and without hypertension

During a median follow-up period of 10.9(IQR 10.5,11.3)
years, 867 (6.04%) participants without hypertension
developed CVD. When they were grouped according
to quartile of Cum-RC, their incidences of CVD were
5.32, 5.50, 5.42, and 7.25 per 1,000 person-years for the
G1 (<26.40 mg/dl), G2 (26.40-39.56 mg/dl), G3 (39.57-
54.65 mg/dl), and G4 (>54.66 mg/dl) groups, respec-
tively (Table 3). Compared with the <26.40 mg/dl group,
the adjusted HRs (95% Cls) for the participants without
hypertension in the 26.40-39.56 mg/dl, 39.57-54.65 mg/
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dl, and >54.66 mg/dl groups were 1.00 (0.82, 1.22), 0.95
(0.78, 1.17), and 1.27(1.03, 1.57), respectively (P<0.0001)
(Table 3). In addition, the adjusted HRs (95% Cls) for the
participants with hypertension were 1.28 (1.06, 1.53),
1.38 (1.15, 1.66), 1.42 (1.17, 1.71), and 1.63 (1.32, 2.00),
respectively (P<0.0001) (Table 3).

Results of the stratified and sensitivity analyses

The stratified analysis revealed that there was an inter-
action between Cum-RC and age, but none with sex or
blood pressure control status. In participants aged > 60
years, male, and those with poorly controlled blood pres-
sure, high Cum-RC was associated with a higher risk of
CVD; but there were no statistically significant associa-
tions in participants aged <60 years, female, or in those
with well-controlled blood pressure (Fig. 3).

To reduce the effects of potential confounders on the
findings, the Cox regression analysis was repeated after
the exclusion of participants who experienced CVD
events within the first year of follow-up (161 individu-
als), those who were taking antihypertensive medication
(4,372 individuals), those who were taking lipid-lowering
medication (195 individuals). The results showed a signif-
icant association between high Cum-RC and a higher risk
of CVD (Additional file 1: Table S3). At the same level
of Cum-RC, the risk of CVD was significantly higher in
those with hypertension combined with diabetes com-
pared with those with hypertension but no diabetes
(Additional file 1: Table S4).

Comparison of the abilities of non-HDL-C, RCy406: RC2010s
and Cum-RC to predict the risk of CVD

In the China-PAR risk assessment model, The C-index
values for non-HDL-C, RC in 2006, RC in 2010, and
Cum-RC were 0.6546, 0.6573, 0.6554, and 0.7028, respec-
tively; the NRI values were 8.03%, 9.42%, 8.85% and
11.83%, respectively; and the IDI values were 0.017%,
0.036%, 0.030% and 0.044%; respectively (Additional
file 1: Table S5). Cum-RC demonstrated significantly
higher predictive ability for the risk of CVD than non-
HDL-C, RC in 2006 and RC in 2010.

Discussion
In the present study, we found a significant association
between high Cum-RC exposure and a higher risk of
CVD in individuals with hypertension, independent of
conventional risk factors and the baseline concentration.
In addition, the CVD risk attributable to the same Cum-
RC exposure level was significantly higher in individuals
with hypertension than in those without.

This association between RC and the risk of CVD has
also been shown in previous studies [9, 30-33]. Fu et al.
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Table 2 Association of cumulative RC with CVD and subtypes in participants with hypertension
Quartiles of Cum-RC Case/Total Incidence density, Model 1 Model 2 Model 3
per 1000 person-
years
Cardiovascular disease
Q1 317/3587 8.77 1.00 1.00 1.00
Q2 348/3587 9.65 1.15(0.99,1.34) 1.08(0.93,1.26) 1.07(0.92,1.26)
Q3 354/3588 9.86 1.19(1.02,1.39) 1.09(0.94,1 ) 1.08(0.91,1.28)
Q4 425/3587 11.87 1.43(1.24,1.65) 1.29(1.10,1 1.26(1.03,1.54)
P-trend <0.0001 0.0015 0.0405
Myocardial infarction
Q1 38/3587 1.02 1.00 1.00 1.00
Q2 61/3587 1.64 1.71(1.14,2.56) 1.57(1.05,2.37) 1.51(1.00,2.31)
Q3 88/3588 2.38 2.52(1.72,3.70) 2.30(1.56,3.39) 2.02(1.22,3.27)
Q4 96/3587 2.58 2.74(1.88,3.99) 2.48(1.68,3.66) 2.08(1.41,3.28)
P-trend <0.0001 <0.0001 <0.0001
Ischemic Stroke
Q1 248/3587 6.79 1.00 1.00 1.00
Q2 253/3587 6.93 1.07(0.90,1.28) 1.00(0.84,1.20) 1.02(0.84,1.24)
Q3 258/3588 7.04 1.08(0.91,1.29) 1.02(0.86,1.22) 1.04(0.86,1.25)
Q4 296/3587 861 1.33(1.13,1.58) 1.23(1.04,1.47) 1.29(1.02,1.62)
P-trend 0.0012 0.0249 0.0336
Hemorrhagic stroke
Q1 40/3587 1.02 1.00 1.00 1.00
Q2 40/3587 1.02 1.03(0.66,1.59) 1.04(0.67,1.62) 1.06(0.68,1.71)
Q3 32/3588 0.81 0.82(0.52,1.31) 0.79(0.49,1.28) 0.86(0.50,1.46)
Q4 36/3587 091 0.92(0.59,1.45) 0.83(0.52,1.34) 0.97(0.51,1.84)
P-trend 0.5254 0.2886 0.7247

Model 1: adjusted for age and sex

Model 2: included variables in model 1 and further SBP, LDL-C, HDL-C, BMI, hs-CRP, eGFR, family history of CVD, smoking status, alcohol consumption, physical exercise
habits, diabetes, the use of antihypertensive drugs, the use of glucose-lowering drugs, and the use of lipid-lowering drugs

Model 3: included variables in model 2 and further the RC at baseline

Table 3 Association of cumulative RC with CVD in hypertensive participants and non-hypertensive participants

Cum-RC Case/Total Incidence density, per 1000 Model 1 Model 2 Model 3
person-years

G4*(>54.66 mg/dl) 257/3433 7.25 1.45(1.21,1.75) 1.30(1.08,1.57) 1.27(1.03,1.57)
G3*(39.57-54.65 mg/dl) 209/3724 542 1.05(0.87,1.28) 0.97(0.79,1.17) 0.95(0.78,1.17)
G2*(26.40-39.56 mg/dl) 203/3583 5.50 1.08(0.89,1.31) 1.01(0.83,1.23) 1.00(0.82,1.22)
G1*(<26.40 mg/dl) 198/3609 532 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
G1(<26.40 mg/dl) 317/3587 8.77 1 65(1 38,1.97) 1.28(1.06,1.53) 1.28(1.06,1.53)
G2(26.40-39.56 mg/dl) 348/3587 9.65 91(1 60227) 1.39(1.16,1.67) 1.38(1.15,1.66)
G3(39.57-54.65 mg/dl) 354/3588 9.86 2. 00(1 67,2.38) 1.44(1.20,1.72) 142(1.17,1.71)
G4(> 54.66 mg/dl) 425/3587 11.87 2.35(1.99,2.78) 1.67(1.40,1.99) 1.63(1.32,2.00)
P-trend <0.0001 <0.0001 <0.0001

G1*-G4*were participants without hypertension;G1-G4 were participants with hypertension

Model 1: adjusted for age and sex

Model 2: included variables in model 1 and further SBP, LDL-C, HDL-C, BMI, hs-CRP, eGFR, family history of CVD, smoking status, alcohol consumption, physical exercise
habits, diabetes, the use of antihypertensive drugs, the use of glucose-lowering drugs, and the use of lipid-lowering drugs

Model 3: included variables in model 2 and further the RC at baseline
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Subgroup Event/Total HR (95% Cl) P for trend P for interaction
Age 0.0411
< 60 years 825/9652 0.6666
Q1 1
Q2 0.92(0.73-1.15) >—>i|_‘
Q3 1.06(0.86-1.31)
Q4 1.12(0.87-1.45) - —
2 60 years 619/4697 0.0070
Q1 1
Q2 1.05(0.83-1.35) I—TO—|
Q3 1.34(1.03-1.74) — —
Q4 1.48(1.07-2.06) I = |
Sex 0.6781
Female 170/2578 0.1078
Q1 1 [ ]
Q2 1.21(0.72-1.97) |
Q3 1.54(0.83-2.12) [ -
Q4 1.58(0.95-2.21) I - |
Male 1274111771 0.0018
Q1 1
Q3 1.06(0.90-1.25) k‘
Q2 1.08(0.92-1.27)
Q4 1.31(1.13-1.54) -
Blood pressure 0.8097
Controlled 145/2440 0.8149
Q1 1
Q2 1.05(0.90-1.26)
Q3 1.07(0.91-1.29)
Q4 1.23(0.97-1.52)
Uncontrolled 1299/11909 0.0011
1
Q2 1.25(1.02-1.47) — —
Q3 1.52(1.06-1.85) ——
Q4 1.61(1.40-1.95) —eo—
Diabetes 0.2693
Yes 344/2335 0.0298
Q1 1 ®
Q2 1.17(0.82-1.69) —— —
Q3 1.29(0.90-1.83) H——
Q4 1.44(1.15-2.02) ——e—
No 1100/12014 0.0167
Q1 1
Q2 1.05(0.88-1.26)
Q3 1.07(0.90-1.27)
Q4 1.25(1.05-1.49) o
I 1 1 1 1
05 10 15 20 25

Fig. 3 Stratified analysis of the relationship between cumulative RC and CVD in participants with hypertension

The data were adjusted for age, sex, SBP, LDL-C, HDL-C, BMI, hs-CRP, eGFR, family history of CVD, smoking status, alcohol consumption habits,
physical exercise habits, diabetes, the use of antihypertensive drugs, the use of glucose-lowering drugs, the use of lipid-lowering drugs, and the RC

at baseline

found that patients with type 2 diabetes are at a higher
risk of major adverse cardiovascular events (MACEs)
when the RC concentration is >31 mg/dl, regard-
less of the LDL-C concentration [33]. A cohort study
of 1,956,452 patients with type 2 diabetes conducted in
Korea showed that those in the highest quartile of RC
were at a 28% higher risk of myocardial infarction and
a 22% higher risk of ischemic stroke versus those in the
lowest quartile [34]. In addition, a multi-cohort study
showed higher risk of peripheral artery disease (PAD),
myocardial infarction, and ischemic stroke in individuals
with RC > 58 mg/dL, compared to those with RC< 19 mg/
dL [35]. However, previous studies of the relationship

between RC and CVD have been conducted in the gen-
eral population or in patients with diabetes, and no
studies have explored the effect of cumulative RC con-
centration on the risk of CVD in people with hyperten-
sion. We found a 26% higher risk of CVD in participants
with hypertension in the fourth quartile of Cum-RC, ver-
sus those in the first quartile of Cum-RC, along with a
1.08-fold higher risk of myocardial infarction and a 29%
higher risk of ischemic stroke, but we did not identify a
relationship between Cum-RC and the risk of hemor-
rhagic stroke. Notably, hypertension is an independent
risk factor for hemorrhagic stroke [36], but the results of
a previous meta-analysis suggested that hyperlipidemia



Wu et al. Cardiovascular Diabetology (2023) 22:258

may help prevent hemorrhage, with a 7% reduction in the
risk of hemorrhagic stroke for every 1 mmol/L increase
in TG [37]. Therefore, the combination of these two
opposing factors may abrogate the relationship between
high Cum-RC exposure and hemorrhagic stroke in indi-
viduals with hypertension. In contrast to previous stud-
ies, in which only a single measurement of RC was made,
we used the Cum-RC, and also a follow-up period of 11
years, which should render the results more reliable and
relevant to real-world conditions than those of previous
studies.

Another important finding of the present study was
that at the same Cum-RC, the risk of CVD was signifi-
cantly higher in participants with hypertension than in
those without. Participants with hypertension and a
Cum-RC>54.66 mg/dl were at a 63% higher risk of
CVD than those without hypertension and a Cum-
RC<26.40 mg/dl, while participants without hyperten-
sion and a Cum-RC >54.66 mg/dl were at a 28% higher
risk of CVD. At the same level of Cum-RC, the risk of
CVD was significantly higher in those with hyperten-
sion combined with diabetes compared with those with
hypertension but no diabetes. Previous TNT (Treating
to New Targets) trial have shown that high TRL-C, along
with high RC concentration, is associated with a higher
risk of CVD, and that taking statins can significantly
reduce the risk of coronary heart disease in patients
with high RC-related TRL-C [38]. This suggests that the
lipid profiles of patients with hypertension and diabetes
should be assessed, and that all of their blood pressure,
glycemic and lipid concentrations should be controlled to
reduce the risk of CVD.

The stratified analysis showed that a high Cum-RC
increases the risk of CVD in individuals with hyperten-
sion who are aged > 60 years, are male, diabetes and have
poor blood pressure control. In subsequent sensitivity
analyses, we eliminated factors that might have affected
this finding, such as the development of CVD within
the first year of follow-up, the use of antihypertensive
drugs, the use of lipid-lowering drugs; and the results still
showed that high Cum-RC increased the risk of CVD in
the participants with hypertension. These results sug-
gests that the administration of antihypertensive drugs
or lipid-lowering drugs and good blood pressure con-
trol may attenuate the effect of high Cum-RC to increase
the risk of CVD in individuals with hypertension. Given
the current low prevalence of good blood pressure con-
trol in patients with hypertension, increases in the use of
medication and compliance in patients with hyperten-
sion and the control of risk factors, such as dyslipidemia
and hyperglycemia, should be the main measures used to
reduce the risk of CVD in such patients.
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The mechanism linking RC and CVD may be related
to the higher levels of lipoprotein-cholesterol present
in RC than in LDL-C [39], which may activate vascu-
lar endothelial cells and induce endothelial dysfunction
[40]. Furthermore, when both LDL-C and RC enter the
arterial wall [41], RC is more readily absorbed by mac-
rophages without oxidation than unmodified LDL-C,
thereby increasing cholesterol accumulation [42]; and
high RC concentrations are highly positively associated
with low-grade inflammation [43]. However, the effect
of hypertension on CVD is the result of a combination
of genetic and environmental factors. Hypertension is a
complex, multifactorial disease state that can involve a
combination of pathophysiologic processes, including
salt sensitivity, altered arterial compliance, altered vascu-
lar reactivity, and altered activity of the renin-angiotensin
and adrenergic systems [44, 45]. A combination of abnor-
mal RC and hypertension may promote atherosclerosis,
impaired arterial compliance, vascular endothelial dys-
function, chronic inflammatory responses, and vascular
remodeling, which are involved in the pathogenesis of
CVD [40, 42, 43, 46].

The present study had the following strengths. First, it
was the first prospective cohort study to show a longitu-
dinal association between high Cum-RC exposure and
the risk of CVD in individuals with hypertension. Second,
the data were collected during a prospective cohort study
with a sample size of 101,510 and an 11-year follow-up
period, which renders them reliable. However, this study
also had some limitations. First, because the Kailuan
study participants are predominantly male, and active or
retired Kailuan Group workers, there was some selection
bias. Second, because it was a cohort study, we were una-
ble to meticulously explore the pathophysiological mech-
anisms underlying the effect of RC abnormalities on CVD
in the participants with hypertension or to accurately dif-
ferentiate primary and secondary hypertension in each
individual. Third, there may have been confounding fac-
tors that were not identified, such as the genetic suscepti-
bility of the participants with hypertension. Fourthly, RC
showed a gradual decrease with time. However, the use of
time-weighted Cum-RC may solve the problem of gradual
decrease in RC. Therefore, we corrected for confound-
ing factors in the Cox regression model as far as possible,
and also performed a sensitivity analysis. In addition, the
results should be relatively reliable, owing to the large
sample size and the long follow-up period used.

Conclusions

In the present study, we found that high Cum-RC
increases the risk of CVD in patients with hyperten-
sion, and that the risk of CVD associated with the same
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Cum-RC exposure is significantly higher in people with
hypertension than in those without. These results suggest
that repeated monitoring and maintenance of appropri-
ate RC and blood pressure levels and the simultaneous
control of blood pressure and RC may help to reduce the
risk of CVD.
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