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The association of remnant
cholesterol (RC) and interaction
between RC and diabetes on
the subsequent risk of
hypertension

Jie Wang", Qi Sun*, Yu An?, Jia Liu*, Song Leng®*
and Guang Wang™*

‘Department of Endocrinology, Beijing Chao-Yang Hospital, Capital Medical University, Beijing, China,
?Health Management Center, The Second Hospital of Dalian Medical University, Dalian, China

Purpose: Whether elevated remnant cholesterol (RC) is associated with
hypertension (HTN) and whether elevated RC interacts with diabetes on the
subsequent risk of HTN have not been illustrated. Thus, this study is aimed to
investigate the associations and interactions of RC, diabetes, and the management
of cardiovascular risk factors with the risk of incident HTN in a Chinese population.

Patients and methods: This cohort study included 42,994 individuals who
participated in the routine health check-up from April 2016 to August 2020 and
follow-ups from April 2017 to August 2021 at the Medical Examination Center of
Beijing Chao-Yang Hospital. RC was divided into quintiles as follows: the < 20%
group, the 20-39% group, the 40-59% group, the 60-79% group, and the > 80%
group. This study finally included 17,006 participants who were free from HTN
at baseline.

Results: This study had 1,861 (10.90%) HTN occurred, 205 (5.30%) in the first
quintile of RC, 335 (8.98%) in the second quintile of RC, 388 (11.17%) in the third
quintile of RC, 420 (13.42%) in the fourth quintile of RC, and 513 (17.91%) in the fifth
quintile of RC. Compared with participants in the first quintile of RC, participants in
the fifth quintile of RC showed a greater risk of HTN events among participants
with diabetes [hazard ratio (HR), 4.95; 95% confidence interval (Cl), 1.05-23.39; P =
0.0432) than among participants without diabetes (HR, 1.67; 95% Cl, 1.26-2.22, P =
0.0004; P for interaction = 0.0420). Compared with participants without diabetes,
participants with diabetes who have the ideal management of RC and other risk
factors showed no excess risk of HTN.

Conclusions: Elevated RC is significantly predictive of HTN among the diabetic
population. RC and diabetes interacted with each other on the subsequent risk
of HTN, and the desired management of RC, glucose, and cardiovascular risk
factors on HTN risk was quite favorable.
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Introduction

Hypertension (HTN), type 2 diabetes mellitus (T2DM), and
dyslipidemia are established risk factors for cardiovascular diseases
(CVDs) internationally (1, 2). HTN in the non-diabetic and
diabetic population has been confirmed associated with the
increased risk of adverse cardiovascular events. It is reported that
the coexistence of dyslipidemia, T2DM, and HTN is often observed,
and over 50% of hypertensive patients have been diagnosed with
dyslipidemia in clinical practice (3, 4). Moreover, CVDs remain the
most common cause of death in people with T2DM and HTN.
Therefore, it is of great significance to prevent or reduce the
incidence of HTN, together with risk factor management such as
the management of blood glucose and cholesterol, contributing to
the reduction of CVDs in the diabetic population. The sensitive
lipid parameters might possess great clinical value, due to the ability
to stratify risk for the diabetic population.

Dyslipidemia has been regarded as an accelerator for the
increased risk of T2DM, HTN, and CVDs. Evidence from
epidemiological and genetic research has engendered new
interests that demonstrate that abnormal triglyceride (TG), low-
density lipoprotein cholesterol (LDL-C), lipoprotein(a) [Lp(a)], or
TG-rich lipoproteins (TGRLs) are additional risk of atherosclerosis
CVD (ASCVD)-related death (5-8). A growing body of studies
pointed out that LDL-C is associated with CVDs risk and that
lowering LDL-C to desired range could reduce the risk of CVDs due
to the achieved reduction in LDL-C (9), and other studies suggested
that lowering TG reduces the risk of CVDs, which are equal to LDL-
C-lowering therapies (10). A follow-up study of 5,971 women
found a significant association between lipid parameters and HTN,
and studies based on adolescents reached similar results (11, 12).
However, recurrent CVD is still a major cause of mortality
worldwide although achieving an optimal LDL-C level in clinical
practice (13, 14).

Recently, TGRLs and their cholesterol content, known as
remnant cholesterol (RC), have been revealed to contribute to the
residual risk of CVDs (15, 16). A causal relationship between RC
and ischaemic heart disease has been reported, and in addition, high
RC levels have been linked to mortality and adverse cardiovascular
events (17, 18). Emerging data have reported a genetic association
between increased RC and CVDs (19, 20). Although the direct
measurement of RC has been developed, it is still difficult to be

Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase; ASCVD, atherosclerosis cardiovascular diseases; BMI,
body mass index; CI, confidence intervals; CVDs, cardiovascular diseases;
Cr, creatinine; DBP, diastolic blood pressure; eGFR, estimated glomerular
filtration rate; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein
cholesterol; HTN, hypertension; HR, hazard ratios; LDL-C, Low-density
lipoprotein cholesterol; Lp(a), lipoprotein(a); RC, remnant cholesterol; SBP,
systolic blood pressure; SD, standard deviations; TC, total cholesterol; T2DM,
type 2 diabetes mellitus; TG, triglyceride; TGRLs, TG-rich lipoproteins; UA,

uric acid.
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operational for clinical practice. Thus, the calculation RC has been
proposed as a clinically feasible tool (21). Although previous clinical
studies have observed a significant association between RC and
cardiovascular events, studies about the predictive implications of
RC for HTN, especially in the context of T2DM, are inadequate
(17). Thus far, it remains unknown whether RC is superior to other
individual lipid parameters in predicting the incidence of HTN and
whether the RC-related HTN risk differs between diabetic and non-
diabetic populations.

To fill these gaps in knowledge, we aimed to assess the
bidirectional interactions of high RC levels and individual lipid
parameters with diabetes status on the subsequent risk of HTN
and investigate the association of cardiovascular risk factor
management in diabetes with the subsequent risk of HTN.

Methods and materials
Study population

The present study included 42,994 individuals who participated
in the routine health checkup from April 2016 to August 2020 and
follow-ups from April 2017 to August 2021 at the Medical
Examination Center of Beijing Chao-Yang Hospital. The exclusion
criteria are as follows: the previous history of HTN, currently
diagnosis with HTN, other previous history of related chronic
diseases, using related drugs, missing detailed data, and/or included
outliers. Finally, 17,066 individuals were recruited (Figure 1). This
study was approved by the Ethics Committee of the Beijing Chao-
Yang Hospital affiliated with Capital Medical University. Written
informed consent was obtained before the study.

Baseline data collection

All participants who were recruited underwent detailed clinical
examination by experienced physicians and anthropometric
measurements. The medication history was collected on the basis
of the self-reported history of T2DM, HTN, dyslipidemia, kidney
diseases, hepatic diseases, the current use of drugs, and drinking and
smoking habits. Blood pressure was recorded twice by the same staff
when participants were in a seated position for a 5-min rest using a
standard sphygmomanometer.

Blood samples were obtained from the antecubital vein after >8
h of overnight fasting and stored at —80°C until analysis. Fasting
plasma glucose (FPG), TG, TC, HDL-C, LDL-C, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), and
creatinine (Cr) were measured by colorimetric enzymatic assays
using a biochemical auto-analyzer (Hitachi 7170), and uric acid
(UA) was measured using a Siemens Advia 2400 biochemical
analyzer (Siemens Healthcare Diagnostics Inc., Tarrytown, New
York, USA) as previously described (22).

The estimated glomerular filtration rate (eGFR) was expressed
in milliliters per minute per 1.73 m? using the following formula:
eGFR = 175 x (serum Cr in mg/dL)fl‘154 X agefo‘203 x (0.742 for
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42,994 participants who completed a baseline
examination from April 2016 to August 2020
and follow-up from April 2017 to August 2021

excluded

10,042 particpants who had incomplete imformation

Participants with the following disease at

baseline were excluded

1. Hypertension (n=8587 )
2.Chronic kidney diseases (n=11)
3.Tumor (n=10)

4.other related dieseases (=1559)

Participants with the following history

of drugs used were excluded

1.Antihypertesnive drugs (n=2479)

2. other related drugs = (n=765)

17,066 participants

FIGURE 1
Flow chart of the selection study participants.

women) x (1.212if African American) (23). RC was evaluated using
the formula: RC = TC — HDL-C — LDL-C (24).

Follow-up examination

The endpoint outcome of this current study was the incidence
of HTN during the follow-up period. Participants were followed up
for amedian of 1.1 years using annual medical checkup data that are
collected between April 2017 and August 2021.

Definition of variables

RC was divided into five groups: the < 20% group, the 20%—
39% group, the 40%-59% group, the 60%-79% group, and the >
80% group, based on the quintile division of the participants.
According to the Chinese guideline for the management of
dyslipidemia in adults (revised in 2016), lipid parameters were
categorized into several groups as follows: TG: normal: < 1.7
mmol/L, borderline: 1.7-2.3 mmol/L, high: > 2.3 mmol/L; TC:
normal: < 5.2 mmol/L, borderline: 5.2-6.2 mmol/L, high: > 6.2
mmol/L; HDL-C: desired: > 1.0 mmol/L, low: < 1.0 mmol/L; 4.
LDL-C: ideal < 2.6 mmol/L, borderline: 3.4-4.1 mmol/, high: >
4.1 mmol/L (25). HTN was defined as systolic blood pressure
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(SBP) > 140 mmHg or diastolic blood pressure (DBP) > 90
mmHg or currently taking antihypertensive medication or
diagnosed with HTN by clinicians during the follow-up
period. T2DM was defined as a self-reported physician-
diagnosis history, currently treated with insulin or oral
hypoglycemic agents, or an FBG > 7.0 mmol/L (26). Fatty liver
disease was defined as hepatic steatosis confirmed by hepatic
ultrasonography. Body mass index (BMI) was calculated using
the following formula: BMI = body weight/height” (kg/m?).
Participants were divided into two groups according to their
smoking frequency: no, never or have already quit smoking; yes,
regularly smoking cigarettes in the past years. Participants were
divided into two groups according to their alcohol intake
frequency: no, never or have already quit drinking; yes,
regularly drinking more than once a week in the past years.

Statistical analysis

Empower(R) (www.empowerstats.com, X&Y Solutions Inc.,
Boston, MA) and R (http://www.Rproject.org) were used to
perform the statistical analyses. The hazard ratios (HR) and
corresponding 95% confidence intervals (95% CI) were
calculated. All statistical tests were two-sided, and P-
values < 0.05 were considered statistically significant.
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The normality of the variables was assessed using the
Kolmogorov-Smirnov test. Continuous variables with a non-
normal distribution were compared using Kruskal-Wallis test
and were shown as median (Q1-Q3). Continuous variables with
a normal distribution were compared using Student’s t-tests and
were shown as means + the standard deviations (SD).
Categorical variables were presented as n% and were
compared using the %2 test. Cox proportional hazards analysis
was performed to evaluate the associations of RC and individual
lipid parameters with HTN among participants with and
without diabetes, in multivariate settings with adjustments for
potential confounding factors. Three models were built to
investigate and compare the associations between RC, lipid
parameters, and HIN in the context of T2DM. Model 0 was
unadjusted. Model 1 was adjusted for age and sex. Model 2 was
adjusted for age, sex, BMI, TG, TC, LDL-C, HDL-C, UA, ALT,
AST, eGFR, FBG, smoking habits, and drinking habits.
Associations of diabetes with HTN events across RC quintiles
were also established. Multiplicative interactions between RC
quintiles and diabetes on HTN events were also tested in the
models. Associations of individual conventional risk factor
management with HTN events among participants with
diabetes according to BMI groups (27)(underweight: < 18.5
kg/m* normal weight: 18.5-24 kg/m? overweight: 24-28 kg/
m?; obesity: BMI of > 28 kg/mz), LDL-C (ideal, <2.6 mmol/L;
high, >2.6 mmol/L), HDL-C (low, <1.0 mmol/L; desired, >1.0
mmol/L), UA (ideal, <420 pmol/L; abnormal, >420umol/L), RC
quintiles, and fatty liver disease (no and yes), as compared with
participants without diabetes were analyzed.

Results

Baseline characteristics of the
study population

The baseline characteristics of 17,066 participants (9,465
men and 7,601 women) with a mean age (Q1-Q3) of 37.0 (31.0-
47.0) years were shown in Table 1. With the increase in RC
levels, BMI, SBP, DBP, FBG, TC, TG, LDL-C, ALT, AST, and
UA significantly increased, and HDL-C and eGFR significantly
decreased. The percentiles of smoking and drinking habits were
highest in the highest quintile of RC (Q5). In addition, the
incidence of HIN 513 (17.91%) during the follow-up period was
highest in participants with the highest quintile of RC (Q5).

Associations of RC and lipid parameters
with HTN events

Multivariate cox regression models were constructed to
access the predictive ability of RC and individual lipid profiles
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with the incidence of HTN. During 1.1 years of follow-up, 1,861
HTN events were documented. Table 2 shows the HR and 95%
CI of the incidence of HTN with the groups of RC quintiles, TG,
TC, HDL-C, and LDL-C in the total population within three
models. As shown in Table 2, RC and other lipid parameters all
presented a significant association with HTN in the non-
adjusted model and Model 1 adjusting for age and sex. Further
adjustments for ALT, AST, FBG, UA, TC, TG, HDL-C, LDL-C,
eGFR, FBG, smoking, and drinking habits in Model 2, only RC
quintiles and TG groups remained significantly associated with
HTN. Compared with participants with the first quintile of RC
(Q1), participants with the highest quintile of RC (Q5) had a
significantly higher hazard of the incidence of HTN. Of note, the
fifth quintile of RC showed a stronger association with HTN
than TG groups, suggesting the predictive ability of high RC for
HTN risk (fifth quintile of RC: HR, 1.69; 95% CI, 1.31-2.18; p <
0.0001; TG groups: 1.7 < TG < 2.3 mmol/L: HR, 1.21; 95% CI,
1.07-1.37; P = 0031; TG = 2.3 mmol/L: HR, 1.17; 95% CI, 1.00-
1.36; P = 0.0480). Kaplan-Meier analysis between RC quintiles
and HTN events showed similar results (Figure 2).

Association of RC and lipid parameters
with HTN incidence among participants
with and without diabetes

As shown in Table 3, compared with participants with the
first quintile of RC (Q1), participants with the highest quintile of
RC (Q5) had a significantly 4.95-fold risk of HTN events in the
diabetic population (fifth quintile of RC: HR, 4.95; 95% ClI, 1.05-
23.29; P = 0.0432), and the HRs for comparison of high RC level
(Q5) with low RC level (Q1) were 1.67 (95% CI, 1.26-2.22; P =
0.0004) in the non-diabetic population. It is noteworthy that a
significant interaction between RC quintiles and diabetes on
subsequent risk of HTN incidence was also investigated (p for
interaction in model 2 = 0.0420). We also observed a significant
association between TG and HTN (1.7 < TG < 2.3 mmol/L: HR,
1.24; 95% CI, 1.09-1.40; P = 0.0011) among participants without
diabetes, but no significant association was found in participants
with diabetes (p for interaction in model 2 = 0.0862).
Importantly, it is elevated RC but not TG that remained
associated with HTN events among participants with diabetes
and participants without diabetes, suggesting the superior
predictive ability of RC for HTN risk.

Association of diabetes with HTN
incidence among participants with RC
quintiles

Diabetes was also significantly associated with an increased
risk of HTN, and this association was more prominent among
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TABLE 1 Characteristics of the study population by RC quintiles.

Total RC quantiles
Q1 Q2 Q3 Q4 Q5

N 17,066 3,612 3,486 3,246 3,486 3,236
Age, years 37.0 (31.0-47.0) 33.0 (29.0-41.0) 36.0 (30.0-46.0) 39.0(32.0-49.0) 43.0 (34.0-50.0) 44.0 (35.0-52.0)
BMI, kg/m” 23.5 (21.2-25.9) 22.0 (21.0-24.2) 22.9 (20.8-25.2) 23.6(21.5-26.0) 244 (223-266) 253 (23.2-27.5)
SBP, mm/Hg 121 (112 -129) 118 (110-126) 120 (111-128) 121 (112-129) 122 (113-130) 124 (116-131)
DBP, mm/Hg 73 (67-79) 7 1(65-77) 72 (66-78) 73 (67-79) 74 (68-80) 76 (70-82)
FBG,
mmol/L 5.33 (5.06-5.65) 5.19 (4.94-5.46) 5.26 (5.01-5.54) 5.34 (5.06-5.65) 5.41 (5.15-5.75) 5.53 (5.23-5.93)
TC,
mmol/L 4.73 (4.20-5.33) 4.05 (3.68-4.46) 4.49 (4.12-4.89) 4.82 (4.38-5.24) 5.16 (4.72-5.66) 5.67 (5.10-6.25)
TG,
mmol/L 1.41 (1.01-1.96) 1.01 (0.78-1.31) 1.23 (0.92-1.56) 1.44 (1.08-1.83) 1.78 (1.34-2.21) 2.56 (1.83-3.45)
HDL-C,
mmol/L 1.29 (1.09-1.52) 1.42 (1.23-1.63) 1.37 (1.16-1.60) 1.27 (1.09-1.50) 1.21 (1.04-1.45) 1.09 (0.93-1.30)
LDL-C,
mmol/L 2.50 (2.08-2.95) 2.07 (1.75-2.42) 2.36 (2.02-2.72) 2.58 (2.22-2.97) 2.79 (2.42-3.18) 2.94 (2.44-3.41)
ALT,
U/L

19 (13-28) 15(11-21) 17 (12-24) 19 (14-27) 22 (16-32) 26 (18-39)
AST,
U/L

20 (17-24) 18 (16-21) 19 (16-23) 20 (17-24) 21 (18-25) 22 (19-27)
eGFR, ml/min-1.73 m*> 85.99 (71.67-106.62) 97.64 (78.15-114.23) 90.94 (73.86-110.82) 84.57 (71.07-105.31) 80.77 (70.13-99.02) 77.76 (67.99-92.64)
UA, umol/L 339 (278-407) 303(255-364) 321 (269-387) 341 (279-408) 359(298-420) 393 (327-461)
RC,
mmol/L 0.86 (0.67-1.11) 0.55 (0.47-0.60) 0.74 (0.70-0.78) 0.90 (0.85-0.94) 1.09 (1.04-1.16) 1.48 (1.34-1.72)
SEX, %
men 9, 465 (55.46%) 1, 546 (40.48%) 1, 792 (48.31%) 1, 969 (56.63%) 2, 027 (64.29%) 2, 131 (73.28%)
women 7, 601 (44.54%) 2, 273 (59.52%) 1,917 (51.69%) 1, 508 (43.37%) 1, 126 (35.71%) 777 (26.72%)
Smoking, %
No 16, 865 (98.82%) 3, 824 (98.90%) 3, 706 (99.33%) 3, 438 (98.94%) 3, 080 (98.43%) 2, 817 (98.29%)
Yes 201 (1.18%) 41 (1.10%) 25 (0.67%) 37 (1.06%) 49 (1.57%) 49 (1.71%)
Drinking, %
No 17, 011 (99.68%) 3, 857 (99.79%) 3,723 (99.79%) 3, 466 (99.77%) 3, 119 (99.65%) 2, 846 (99.30%)
Yes 55 (0.32%) 8 (0.21%) 8 (0.21%) 8 (0.23%) 11 (0.35%) 20 (0.70%)
Baseline diabetes, %
No 15, 669 (91.81%) 3, 601 (96.18%) 3, 467 (95.33%) 3,194 (92.31%) 2, 861(90.71%) 2, 546 (92.90%)
Yes 1,397 (8.19%) 143 (3.82%) 170 (4.67%) 266 (7.69%) 293 (9.29%) 525 (17.10%)
HTN incidence, %
No 15, 205 (89.10%) 3, 662 (94.70%) 3,395 (91.02%) 3, 086 (88.83%) 2, 710 (86.58%) 2, 352 (82.09%)
Yes 1,861 (10.90%) 205 (5.30%) 335 (8.98%) 388 (11.17%) 420 (13.42%) 513 (17.91%)

Data were mean + SD or median (IQR) for skewed variables or numbers (proportions) for categorical variables.

P-value

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001

<0.001

<0.001

<0.001
<0.001
<0.001

<0.001

<0.001

<0.001

0.005

<0.001

<0.001

HTN, hypertension; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting plasma glucose; ALT, alanine transferase; AST, aspartate transferase;
TG, triglyceride; TC, high cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; UA, uric acid;

RC, remnant cholesterol.

participants with high RC levels (Q4 and Q5), as shown in (Q4), and 1.47 (95% CI 1.08-2.00, P = 0.0148) among those
Table 4. The multivariable-adjusted HRs for the incidence of with the fifth quintile of RC (Q5) (p for interaction in model
HTN associated with diabetes were 1.80 (95% CI 1.20-2.70, P = 2 =0.0212), indicating the bidirectional interaction of diabetes

0.0048) among participants with the fourth quintile of RC with RC on the subsequent risk of HTN.
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TABLE 2 Association of RC, lipid parameters with HTN events.

Variable

RC quantiles

Cases of HTN

Non-adjusted
HR (95% CI) P-value

Q1 205 1.0

Q2 335 1.69 (1.41, 2.02) < 0.0001

Q3 388 2.10 (1.77, 2.51) < 0.0001

Q4 420 2.53 (2.13, 3.00) < 0.0001

Q5 513 3.37 (2.85, 3.98) < 0.0001
TC,mmol/L

<5.2 1142 1.0

>5.2, <6.2 536 1.42 (1.28, 1.58) < 0.0001

>6.2 183 1.72 (1.47, 2.02) < 0.0001
TG,mmol/L

<17 885 1.0

>1.7, <23 495 1.75 (1.56, 1.96) < 0.0001

22.3 481 2.25 (2.01, 2.52) < 0.0001
HDL-C,mmol/L

>1 1444 1.0

<1 417 0.61 (0.54, 0.68) < 0.0001
LDL-C, mmol/L

<34 1588 1.0

>34, <4.1 231 1.55 (1.35, 1.79) < 0.0001

>4.1 42 1.25 (0.92, 1.72) 0.1582

Adjust 1
HR (95% CI) P-value

1.0
1.43 (1.20, 1.72) < 0.0001

1.53 (1.28, 1.82) < 0.0001

( )

( )
1.67 (1.40, 1.99) < 0.0001
2.00 (1.69, 2.37) < 0.0001

1.0
1.17 (1.05, 1.30) 0.0033
1.30 (1.10, 1.53) 0.0016

1.0
1.40 (1.24, 1.57) < 0.0001
1.61 (1.44, 1.81) < 0.0001

1.0
0.79 (0.70, 0.88) < 0.0001

1.0
1.23 (1.06, 1.41) 0.0053
1.01 (0.74, 1.38) 0.9642

10.3389/fendo.2022.951635

Adjust 2

HR (95% CI) P-value

1.0
1.37 (1.14, 1.66) 0.0008
1.42 (1.17, 1.72) 0.0003
1.51 (1.22, 1.85) 0.0001

1.69 (1.31, 2.18) < 0.0001

1.0
1.05 (0.90, 1.22) 0.5745
1.04 (0.79, 1.37) 0.7597

1.0
1.21 (1.07, 1.37) 0.0031
1.17 (1.00, 1.36) 0.0480

1.0
0.97 (0.84, 1.13) 0.7269

1.0
1.03 (0.86, 1.23) 0.7633
0.75 (0.52, 1.10) 0.1399

Model 0: Adjusted for no confounding factors.
Model 1: Adjusted for age and sex.

Model 2: Adjusted for age, sex, BMI, ALT, AST, eGFR, FBG, TC, TG, HDL-C, LDL-C, UA, smoking habits, and drinking habits.

Association of individual risk factors and
HTN incidence among participants with
diabetes, as compared with participants
without diabetes

Stratified analyses were performed to thoroughly confirm the
association and predictive value of elevated RC for incident HTN, as
shown in Table 5. Compared with participants without diabetes,
participants with diabetes who had controlled risk factors well
exhibited no additional risk for HTN events, including those with
BMI <24 kg/mz, LDL-C< 2.6 mmol/L, HDL-C > 1.0 mmol/L, UA <
420 umol/L, low RClevels (Q1-Q3), and without fatty liver diseases,
suggesting the beneficial effects of controlling risk factors in the
diabetic population. To be noted, compared with participants
without diabetes, the hazards of HTN were more prominent
among participants with diabetes who had poor management of
the following risk factors (24 < BMI < 28 kg/mzz HR, 1.37; 95% CI,
1.02-1.84; P =0.0354; LDL-C > 2.6 mmol/L: HR, 1.30; 95% CI, 0.99-
1.71;P =0.0625; UA 420 > umol/L: HR, 1.68;95% CI, 1.19-2.38; P =
0.0030; RC from the fourth to the fifth quintiles: Q4: HR, 1.69; 95%
Cl, 1.12-2.56; P = 0.0132; Q5: HR, 1.48; 95% CI, 1.08-2.02; P =
0.0147; with fatty liver diseases: HR, 1.36; 95% CI, 1.04-1.77; P =
0.0231), indicating the importance of conventional risk factor
management on HTN incidence in the diabetic population.
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Discussion

This is the first cohort study to compare the associations of RC
and lipid parameters with HTN. In this large cohort study, we
showed the interaction of RC with diabetes and risk factor
management on subsequent risk of HTN incidence. We found
that only elevated RC and TG 21.7 mmol/L were significantly
associated with the subsequent risk of HIN after adjusting for
various confounding factors. Specifically, diabetic people in the fifth
quintile of RC had an approximately three-fold higher risk of HTN
incidence than those in TG > 1.7 mmol/L group. Compared with
participants without diabetes, those with diabetes were more
susceptible to having the excess risk of high RC on HTN
incidence. In addition, the additional risk of HTN related to
diabetes was obviously increased among participants with
elevated RC. Further stratified analyses indicated that the
deleterious effect on poor control of risk factors among people
with diabetes would substantially increase the risk of HTN
incidence. The findings of our study have significant implications
that RC is an easy, simple, and significant predictor of HTN in the
diabetic population, and targeting RC and blood glucose
management are beneficial for incident HTN. Thus, early
identification of HTN risk and management of HTN-related risk
factors are of great significance.

frontiersin.org


https://doi.org/10.3389/fendo.2022.951635
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Wang et al.

10.3389/fendo.2022.951635

RC quintiles
— Q1
o Q2
= — Q3
Q4
— Q5
(2]
T 2
(U <
N
©
I
O =
= S
IS,
>
E E—
3 o1
O <7
—
- I I I
0 2

FIGURE 2
Kaplan—Meier analysis between RC quintiles and HTN events.

It is well known that dyslipidemia has been regarded as the
cornerstone of atherosclerosis and remains a significant risk
factor for CVDs. Although LDL-C has been recommended as a
crucial risk factor and therapeutic goal for CVDs in primary
prevention, according to ACC/AHA and ESC/EAS guidelines
(20), there is still an alarming number of adverse
cardiovascular events regardless of desirable LDL-C-lowering
therapies (28, 29), and meanwhile, emerging evidence
proposed that RC may play a key role in the residual risk of
CVDs (30). A growing number of studies suggested that
increased RC levels are closely associated with the high risk
of atherosclerosis and adverse events of CVDs (31). However,
research focusing on the relationship between lipid metabolism
and HTN is still lacking, particularly about RC. In a cohort
study based on the Middle Eastern population, including 2,831
non-hypertensive women, TG and TG/HDL were found to be
significantly predictive of incident HTN, and similar results
were obtained from studies on adolescents (11, 12). More
recently, a study of 5,173 participants reported that the
increased RC level was significantly associated with higher
central SBP, and this association was independent of other
lipid levels. Our results showed the most significant association
of elevated RC levels with incident HTN, which agrees with
previous studies. Notably, despite LDL-C being the primary
therapy target, it is not effectively predictive of HTN in our
study. Numerous clinical studies supported the notion that a
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considerable residual risk of cardiovascular events still exists
even when LDL-C is reduced at optimal values (28). RC as the
cholesterol content of partially lipolytic TGRLs may be an
important contributor to this residual risk to some extent
(32, 33).

Clinically, the concentrations of TG serve as a surrogate
indicator of TGRLs and RC. More recently, genetic and clinical
intervention studies reported that RC is valuable in predicting
the risk of CVDs, and RC but not LDL-C has been proven to be
associated with cardiovascular events (34). This randomized
controlled trial also indicated the stronger predictive ability of
RC for cardiovascular events than TG. Our results reached
similar conclusions on the association of RC and TG with
HTN. People with TG > 2.3 mmol/L have a 1.17-fold risk, and
those with increased RC in the fifth quintile have a 1.69-fold
risk of incident HTN, indicating the more significant predictive
value of RC for incident HTN. In addition, in the hypertensive
population, increased RC was significantly associated with
albuminuria, which is proven a risk factor for CVDs (35),
and this finding can further support our conclusions. High
HDL-C has been considered to be protective of atherosclerosis-
related to incident HTN, whereas low HDL-C contributed to
the increased risk of CVDs (36). Interestingly, Crosby et al.
reported that no causal relationship between low HLD-C and
atherosclerosis was observed, and it is just an indicator of
increased TGRLs concentration (37). Theoretically, HDL
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TABLE 3 Association of RC, lipid parameters with HTN incidence among participants with and without diabetes.

Variable

Diabetes
RC quantiles
Q1
Q2
Q3
Q4
Q5
TC, mmol/L
<52
>5.2, <6.2
26.2
TG, mmol/L
<1.7
>1.7,<2.3
>2.3
HDL-C, mmol/L
>1
<1
LDL-C, mmol/L
<34
>34, <4.1
>4.1
No Diabetes
RC quantiles
Q1
Q2
Q3
Q4
Q5
TC, mmol/L
<52
>5.2, <6.2
>6.2
TG, mmol/L
<1.7
>1.7, <23
223
HDL-C, mmol/L
>1
<1
LDL-C, mmol/L
<34
>34, <4.1
>4.1

Non-adjusted

HR (95% CI) P-value

1.0
1.68 (0.42, 6.72) 0.4631
3.23 (0.95, 10.97) 0.0600
4.23 (1.28,13.98) 0.0180
4.27 (1.33, 13.73) 0.0147

1.0
1.12 (0.71, 1.77) 0.6113
1.41 (0.84, 2.36) 0.1951

1.0
1.10 (0.59, 2.03) 0.7654
1.88 (1.21, 2.91) 0.0048

1.0
0.79 (0.53, 1.19) 0.2580

1.0
1.60 (0.96, 2.68) 0.0703
0.92 (0.34, 2.51) 0.8697

1.0
1.69 (1.41, 2.02) < 0.0001
2.06 (1.72, 2.46) < 0.0001
2.4 (2.05, 2.91) < 0.0001
3.24 (2.73, 3.84) < 0.0001

1.0
1.42 (1.27, 1.58) < 0.0001
1.67 (1.41, 1.98) < 0.0001

1.0
1.77 (1.58, 1.99) < 0.0001
2.17 (1.93, 2.45) < 0.0001

1.0
0.62 (0.55, 0.70) < 0.0001

1.0
1.52 (1.31, 1.76) < 0.0001
1.24 (0.89, 1.73) 0.2030

P for interaction

0.4891

0.6699

0.2689

0.3399

0.6915

Adjust 1

HR (95% CI) P-value

1.0
1.52 (0.38, 6.10) 0.5542
2.86 (0.84, 9.74) 0.0918
3.94 (1.19, 13.04) 0.0245
3.73 (1.16, 11.98) 0.0273

1.0
1.05 (0.67, 1.66) 0.8242
1.40 (0.83, 2.36) 0.2110

1.0
1.11 (0.60, 2.04) 0.7471
1.85 (1.20, 2.87) 0.0058

1.0
0.77 (0.51, 1.16) 0.2167

1.0
1.59 (0.95, 2.65) 0.0767
0.91 (0.33, 2.50) 0.8621

1.0
1.44 (1.20, 1.72) < 0.0001
1.50 (1.25, 1.79) < 0.0001
1.62 (1.35, 1.93) < 0.0001
1.94 (1.63, 2.31) < 0.0001

1.0
1.18 (1.05, 1.31) 0.0036
1.26 (1.06, 1.50) 0.0075

1.0
1.41 (1.25, 1.58) < 0.0001
1.56 (1.39, 1.76) < 0.0001

1.0
0.80 (0.71, 0.90) 0.0003

1.0
1.20 (1.03, 1.39) 0.0172
1.00 (0.72, 1.40) 0.9885

P for interaction

0.1158

0.6825

0.1974

0.7498

0.3571

Adjust 2

HR (95% CI) P-value

1.0
1.85 (0.34, 9.95) 0.4737
4.06 (0.91, 18.15) 0.0668
4.82 (1.08, 21.63) 0.0398
4.95 (1.05, 23.29) 0.0432

1.0
0.82 (0.47, 1.43) 0.4812
0.84 (0.38, 1.84) 0.6614

1.0
1.04 (0.54, 2.00) 0.9088
1.69 (0.96, 2.98) 0.0675

1.0
1.13 (0.68, 1.86) 0.6324

1.0
1.67 (0.86, 3.25) 0.1331
1.04 (0.29, 3.74) 0.9504

1.0
1.13, 1.67) 0.0017

1.14, 1.72) 0.0014

1.37 )
)
)
)

1.40
1.52
1.67

(

(

(1.21, 1.90) 0.0003

(1.26, 2.22) 0.0004
1.0

1.04 (0.89, 1.22) 0.5919

0.98 (0.75, 1.28) 0.8871

1.0
1.24 (1.09, 1.40) 0.0011
1.16 (0.99, 1.36) 0.0627

1.0
0.99 (0.86, 1.14) 0.8707

1.0
1.01 (0.84, 1.21) 0.9382
0.71 (0.48, 1.06) 0.0919

P for interaction

0.0420

0.7196

0.0862

0.8457

0.2153

Model 0: Adjusted for no confounding factors.
Model 1: Adjusted for age and sex.

Model 2: Adjusted for age, sex, BMI, ALT, AST, eGFR, FBG, TC, TG, HDL-C, LDL-C, UA, smoking habits, and drinking habits.
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TABLE 4 Association of diabetes with HTN incidence among participants with RC quintiles.

Variable

RC quantiles, mmol/L

Q1 Q2 Q3 Q4 Q5 P for interaction (treat RC quintiles
as continuous)

Non-adjusted
HR (95% CI) 0.4395
P-value
Without Diabetes 1.0 1.0 1.0 1.0 1.0
Diabetes 1.34 (0.43,4.20) 133 (0.59,2.99) 2.11 (1.31,3.38) 2.33 (1.56, 3.46) < 1.77 (1.31, 2.39)

0.6131 0.4840 0.0021 0.0001 0.0002
Adjust 1
HR (95% CI) 0.0581
P-value
Without Diabetes 1.0 1.0 1.0 1.0 1.0
Diabetes 0.59 (0.19, 1.86)  0.67 (0.30, 1.52)  1.35 (0.84, 2.18) 1.77 (1.19, 2.64) 1.45 (1.07, 1.97)

0.3712 0.3390 0.2194 0.0051 0.0167
Adjust 2
HR (95% CI) 0.0212
P-value
Without Diabetes 1.0 1.0 1.0 1.0 1.0
Diabetes 0.59 (0.19, 1.87)  0.64 (0.28, 1.46)  1.37 (0.84, 2.22) 1.80 (1.20, 2.70) 1.47 (1.08, 2.00)

0.3717 0.2913 0.2035 0.0048 0.0148

Model 0: Adjusted for no confounding factors.
Model 1: Adjusted for age and sex.

Model 2: Adjusted for age, sex, BMI, ALT, AST, eGFR, TC, TG, HDL-C, LDL-C, UA, smoking habits, and drinking habits.

particles can penetrate the media after entering the intima and
then leave the arterial wall by the lymphatic vessels and
vascular wall of the outer membrane (38, 39). Conversely,
remnants of TGRLs may be too large to penetrate the medium,
leading to being trapped in the intima. The activity of LPL at
the surface of remnants causes the increased liberation of free
fatty acids and foam cell formation, contributing to vascular
damage and inflammation (40). It might account for the
stronger predictive value of RC for HTN; in addition,
environmental and genetic factors can influence the results.
Of note, although RC has not been uniformly defined, the
calculated RC has been confirmed to possess equal credibility
to directly RC in predicting CVDs risk in clinical practice (41).
Given the convenience and highly cost-effective, RC calculated
by the Friedewald formula has been widely promoted to be
used in real-world clinical practice.

Notably, our results also supported a bidirectional
interaction between RC and diabetes on incident HTN. RC
and diabetes contribute independently to the increased risk of
HTN, and among the diabetic population, RC is a modifiable
risk factor for HTN. Given the considerable prevalence of
dyslipidemia, diabetes, and HTN, the specific effect of high
RC levels in the diabetic population deserves more attention.
Studies exploring the interaction between RC and diabetes on
incident HTN are scarce, and no research reported that RC is
more valuable in predicting the subsequent risk of HTN among
participants with diabetes than among those without diabetes.
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In this current study, we proposed novel findings that RC is a
more significant predictor of incident HTN than TG or LDL-C
in people with diabetes, and the interaction between RC and
diabetes would amplify the deleterious effect of each other on
subsequent risk of HTN. Our findings underline the
importance of co-management of RC and blood glucose for
the effective reduction of HTN incidence to prevent CVD
events in the future. In addition, our findings supported the
effects of ideal control of diabetes with risk factors on incident
HTN is quite favorable. However, the HTN risk remained in
people with high RC even with optimal blood glucose
management. Theoretically, both dyslipidemia and diabetes
contribute to vascular dysfunction by inducing endothelial
injury and the formation of foam cells, and these shared
pathogenic pathways may explain the interaction between RC
and diabetes. These results suggested that using RC clinically to
identify individuals at high risk of HTN might be beneficial. It
should be emphasized that the management of blood pressure
is strengthened for individuals with increased RC, especially in
people with diabetes.

In summary, our study firstly reported that RC would be
valuable in predicting the development of HTN in a Chinese
population with diabetes, considering RC is used to accurately
reflect the concentrations of TGRLs. The association of RC
with CVDs has been fully demonstrated, and it has an
unignored influence on atherosclerotic plaque formation,
generating the environment to develop HIN to some extent.
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TABLE 5 Associations of risk factors and HTN among participants with diabetes compared with those without diabetes.

Variable Cases
No Diabetes 1664
Diabetes
BMI, kg/m*
<18.5 10
>18.5, <24 52
>24, <28 85
>28 50
LDL-C, mmol/L
<2.6 77
22.6 120
HDL-C, mmol/L
<1.0 75
>1.0 122
UA, umol/L
<420 125
>420 72
RC quintiles
Q1 6
Q2 12
Q3 35
Q4 51
Q5 93
Fatty liver
No 97
Yes 100

HTN
HR (95% CI) P-value

1.0

1.52 (0.53, 4.38) 0.4413
0.99 (0.57, 1.74) 0.9779
1.37 (1.02, 1.84) 0.0354
1.17 (0.78, 1.77) 0.4429

1.30 (0.93, 1.83) 0.1265
1.30 (0.99, 1.71) 0.0625

1.47 (1.02, 2.10) 0.0363
1.23 (0.94, 1.60) 0.1288

1.14 (0.87, 1.49) 0.3505
1.68 (1.19, 2.38) 0.0030

043 (0.11, 1.77) 0.2453
0.64 (0.26, 1.58) 0.3337
1.31 (0.80, 2.14) 0.2871
1.69 (1.12, 2.56) 0.0132
1.48 (1.08, 2.02) 0.0147

1.18 (0.80, 1.73) 0.4101
1.36 (1.04, 1.77) 0.0231

Model 2: Adjusted for age, sex, BMI, ALT, AST, eGFR, TC, TG, HDL-C, LDL-C, UA, smoking habits, and drinking habits.

Our study revealed the important value of identifying
individuals at high risk of developing HTN, who often are
neglected due to the targeted LDL-C or HDL-C levels. Taken
together, it is of great importance to early monitor RC in
clinical practice, especially in people with diabetes. More
importantly, RC might be both a significant predictor and a
new observation or potential target in the management of HTN
in the diabetic population.

The present study had some limitations. First, RC levels are
calculated rather than directly measured. Although the direct
measurement of RC has been developed, it is still difficult to be
operational for clinical practice. In addition, lipoprotein
subclasses have been reported to provide more significant
information on CVD risk than the determination of
traditional lipid parameters alone (42), but lipoprotein
subclasses were not measured in this study. Thus, further
studies are expected to clarify the association between
lipoprotein subclasses and CVDs. Second, our study only
recruited the Chinese population, it remains uncertain whether
our results could be generalized to other ethnic groups. Finally,
although we adjusted for known confounding factors in cox
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regression analysis, we cannot deny a possible residual because
we did not investigate other medications that might affect this
association, although this study excluded subjects taking anti-
hypertensive drugs.

Conclusions

To conclude, our study was the first cohort study and
showed that an elevated RC at baseline is independently
predictive of the development of HTN in a Chinese
population with diabetes. More importantly, RC and diabetes
significantly interacted with each other in imposing the
increased risk of incident HTN. The favorable effects of lipid,
glucose, and cardiovascular risk factors co-management should
be emphasized among people at high risk of HTN in clinical
practice and we point out that RC could be a new potential target
and efficient biomarker for predicting HTN. We pronounce that
targeting increased RC in people with diabetes, who are at high
risk of HTN, may contribute to the drug discovery in the field
of CVDs.
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