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Purpose: To explore the association between the anti-inflammatory and renal protective
roles of high-density lipoprotein cholesterol (HDL-c) and its different levels in type 2
diabetes mellitus (T2D), hypertension (HTN), and chronic kidney disease (CKD) and to
lay a theoretical basis for precise, maximum-benefit HDL-c-raising therapy for patients with
these diseases.

Patients and Methods: A total of 2127 participants (195 with T2D, 618 with HTN, 162
with CKD, and 1152 controls) were selected and divided into four groups according to their
baseline HDL-c level, namely, low HDL-c (L-HDL-c, <1.03 mmol/L), medium HDL-c (M-
HDL-c, 1.04-1.55 mmol/L), high HDL-c (H-HDL-c, 1.56-2.05 mmol/L) and extremely high
HDL-c (E-HDL-c, > 2.06 mmol/L). Serum and morning urine samples were collected to
analyze the correlation between high-sensitivity C-reactive protein (HsCRP), interleukin-6
(IL-6), urine n-acetyl-p-d-glucosidase (U-NAG), retinol binding protein (RBP), and cystatin
¢ (Cys-C) levels with the HDL-c levels.

Results: The HDL-c levels of patients with T2D, HTN and CKD were universally lower
than those in the control group in both sexes (p<0.05), while male patients also manifested a
lower level of HDL-c than female patients. However, although they had lower values of the
renal impairment index, female patients were found to have anomalously higher amounts of
proinflammatory cytokines. In addition, the correlations between HsCRP and RBP levels and
HDL-c levels were most significant in patients with HTN (p<0.05), whereas in patients with
T2D and CKD, such relevance was less significant.

Conclusion: Existence of substantial differences in HDL-c levels between different types of
disease and sex highlighted that a higher HDL level does not always predict a better clinical
outcome of patients. Moreover, we found that both HSCRP and RBP correlated negatively
with HDL-c in HTN patients, indicating that monitoring HsCRP and RBP may serve as
indicators for therapeutic efficacy of HDL-c-raising medications in HTN patients.
Keywords: high-density lipoprotein cholesterol, anti-inflammation, renal protection, sex
difference, functional heterogeneity

Introduction

Dyslipidemia is involved in vascular complications in patients with type 2 diabetes
mellitus (T2D), hypertension (HTN), and chronic kidney disease (CKD).' Early studies
have uncovered that increasing high-density lipoprotein cholesterol (HDL-c) levels is an
effective way to prevent atherosclerosis.* HDL particles have a variety of important
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functions that protect the vascular endothelium based on their
anti-inflammatory and antioxidative effects.” Raising HDL-c
levels is a typical treatment strategy for these diseases.
However, the clinical results were not as satisfactory as
expected. Recent large clinical trials have shown that increas-
ing HDL-c levels with drugs did not decrease the risk of
cardiovascular events. Lincoff et al found that despite a 31%
decrease in LDL-c and a significant 133% increase in HDL-c,
the incidence of major adverse cardiac events was not lower
than that of the placebo group after 26 months of treatment.®
Ziyad Al-Aly et al tracked 192,683 male veterans in the US
Veterans Database for nine years. After adjusting for a series of
factors, they built a U-shaped correlation curve between HDL-
¢ level and kidney disease outcomes.” Similarly, cohort studies
discovered that an extremely high HDL-c level was associated
with high mortality and morbidity.*'® Furthermore, genome-
wide association studies (GWAS) have revealed that deficient
HDL-c volume was not a determinant of cardiovascular

disease!''2

and that elevating HDL-c levels did not always
contribute to attenuating atherosclerosis.'> All these emerged
evidences have warned that a higher HDL-c level does not
always benefit the clinical outcome of patients. In fact, it is
unclear whether patients of different sexes or those with
different diseases could get the equal benefit from the medica-
tion-maintained same HDL-c level. This study tried to probe
the anti-inflammatory and renal protective role of HDL-c at
different levels in three of the most common dyslipidemia-
associated diseases in public health, namely, T2D, HTN and
CKD, via large-scale sample detection and statistical analysis.
Involved in the processes of T2D, HTN and CKD,
inflammation plays an important role in the genesis and
development of atherosclerosis and renal injury. The reali-
zation of the advantageous effects of HDL depends largely
on its anti-inflammatory function.'* There are many studies
on the changes of high-sensitivity C-reactive protein
(HsCRP), interleukin-6 (IL-6) and HDL-c in patients with
T2D, HTN or CKD, but few studies have assessed the
associations between HDL-c and HsCRP, IL-6 in these
diseases, particularly the HDL-c levels.'>™'” Moreover, the
few studies paying attention to the correlation between early
renal damage indicators and HDL-c levels have inspired us
to investigate the complex interaction network in these
diseases. Canonical predictors, including urine n-acetyl-f-
d-glucosidase (U-NAG), retinol binding protein (RBP) and
cystatin C (Cys-C), were then introduced to assess the
degree of renal injury, especially in its early stage.
Overall, we conducted an epidemiological survey (1) to
assess the differential level of HDL-c among patients with

T2D, HTN or CKD and healthy participants, (2) to inves-
tigate whether there is a sex difference, and (3) to study
the correlation between HsCRP, IL-6, U-NAG, RBP, Cys-
C levels and HDL-c levels in those patients to provide a
theoretical guide for clinical treatment targeting HDL-c.

Patients and Methods

This study is based on an epidemiological survey conducted
in Wanchai town, Zhuhai city, China, from December 2017
to March 2018. A total of 3553 participants were randomly
selected from 4 communities in Wanchai town. Among
them, 2127 participants diagnosed with T2D, HTN or
CKD without lipid-lowering therapy were selected as the
research sample, and other healthy participants were taken
as the control group. Detailed information on the grouping
is shown in Figure 1. This study was conducted in accor-
dance with the Declaration of Helsinki. The study protocol
was approved by the ethics committee of the Third
Affiliated Hospital of Southern Medical University, and
all participants signed an informed consent form.

Subjects

Patients with T2D, HTN or CKD, aged 18 to 75, were selected
as research subjects. The T2D group included patients whose
fasting blood glucose was over 7.0 mmol/L or whose random
blood glucose was over 11.1 mmol/L, with self-reported phy-
sician diagnosis or current use of hypoglycemic drugs.'® HTN
was defined as the use of oral antihypertensive drugs or systolic
blood pressure exceeding 140 mmHg and/or diastolic blood
pressure exceeding 90 mmHg, measured in a sitting position
on at least three different occasions.'® CKD was defined as
chronic structural and functional impairment of the kidney
with an unexplained decrease in glomerular filtration rate
(GFR<60 mL/min*1.73 m?) for more than 3 months.*
A simplified MDRD (Modification of Diet in Renal Disease)
formula was used to calculate the estimated glomerular filtra-
tion rate (eGFR).>' The T2D group excluded patients with
HTN or CKD, and the HTN group excluded patients with
T2D or CKD, while the CKD group included all patients
with CKD who may have T2D, HTN, or both diseases.
Patients with infectious diseases, rheumatic and immune dis-
eases, liver diseases, tumors, blood diseases or acute complica-
tions were excluded. At the same time, subjects treated with
fibrates, cholesterol ester transfer protein (CETP) inhibitors,
and statins were also excluded, as these drugs may increase
HDL-c levels. The body mass index (BMI) was the body
weight (kg) divided by the squared height (m).
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type 2 diabetes mellitus; HTN, hypertension; CKD, chronic kidney disease.

All participants were divided into four groups: low HDL-
¢ (L-HDL-c, <£1.03 mmol/L), medium HDL-c (M-HDL-c,
1.04-1.55 mmol/L), high HDL-c (H-HDL-c, 1.56—
2.05 mmol/L) and extremely high HDL-c (E-HDL-c,
>2.06 mmol/L).*

Specimen Collection

Serum samples (after fasting for at least 10 hours over-
night) and urine samples (the second urine after primary
urine at 7 am) were collected and analyzed at the central
laboratory of the Third Affiliated Hospital of Southern
Medical University on the same day of collection. All
specimens were stored at 4°C before analysis.

Methods and Reagents

Fasting blood glucose (FBG) was determined by the hexoki-
nase method (Maccura Ltd., Chengdu, China); HDL-c was
detected by the enzymatic method (Jingyuan Medical
Apparatus and Instruments, Ltd., Shanghai, China); U-NAG
was measured by the MPT substrate method (Huayuyikang
Bioengineering Technology Ltd., Beijing, China); and Cys-C
was evaluated by the latex immunoturbidimetric method
(Geell, Jiugiang Biotechnology Ltd., Beijing, China).
Immune turbidimetry (Beijia BIO-reagent Ltd., Shanghai,
China) was applied to test RBP, and immune turbidimetry
(Orion Diagnostics Stica Oy, Espoo, Finland) was utilized
for HSCRP. IL-6 was determined by electrochemilumines-
cence (Roche Diagnostics GmbH, Mannheim, Germany).

Statistical Analysis
SPSS 22.0 software (International Business Machine, USA)
was used to process the research data. The distribution of

data was checked first. The results for continuous variables
without a normal distribution are presented as the median
(interquartile range, IQR), and those with a normal distribu-
tion are presented as the mean + standard deviation (SD).
The classification data are presented as proportions or rates,
and the Chi-squared test was used to compare the propor-
tion of HDL-c level distribution between patients with T2D,
HTN or CKD and the control group. The Mann—Whitney
U-test was used to analyze the difference between two
groups, and the Kruskal-Wallis test was applied to test the
difference between multiple groups for the correlations
between HsCRP, IL-6, U-NAG, RBP, Cys-C and HDL-c.
Significant differences were expressed as p<0.05.

Results

The demographic and clinical characteristics of the overall
study are presented in Table 1. All 2127 participants, 776
males and 1351 females, were divided into four groups.
The incidence rates of T2D, HTN and CKD in Wanchai
town of Zhuhai city are 9.2%, 29.1% and 7.6%, respec-
tively, which are similar to those of other regions in China
(8.9-10.4%, 25.2% and 8-16%).>%’

Patients with T2D, HTN or CKD Had
Significantly Lower Levels of HDL-c Than

the Control Group

Overall, the HDL-c levels of patients with T2D, HTN or
CKD were significantly lower than those of the control
group for both sexes (p<0.05, Figure 2A, 2B, 2C). L-HDL-
¢ and M-HDL-c accounted for a larger proportion of HDL-
¢ in female patients with T2D, HTN or CKD and in male
patients with T2D or CKD (p<0.05, Figure 2D, 2E, 2F).
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Table | Baseline Characteristics of the Subjects on the Basis of HDL-c

Male L-HDL-c M-HDL-c H-HDL-c E-HDL-c Total
Number (%) 118(15.21) 504(64.95) 139(17.91) 15(1.93) 776

HDL-C (IQR) mmol/L) 0.94(0.87,0.99) 1.27(1.15,1.40) 1.71(1.62,1.82) 2.32(2.14,2.55) 1.29(1.10,1.50)
Age (IQR) (years) 61(52,72) 58(50,69) 62(51,68) 63(55,76) 60(51,69)

BMI (IQR) (kg/m?) 25.6(23.7,27.5) 25.1(23.2,27.4) 22.6(20.5,24.4) 22.2(20.5,25.3) 24.8(22.6,26.9)
FBG (IQR) (mmol/L) 5.4(4.8,6.4) 5.1(4.7,5.9) 4.9(4.5,5.4) 5.1(4.8,6.0) 5.1(4.7,5.8)
LDL (IQR) (mmol/L) 2.6(1.9,3.2) 3.2(2.7,3.8) 3.2(2.5,3.7) 3.2(2.1,4.3) 3.1 (2.53.7)
TG (IQR) (mmol/L) 2.6(1.5,3.8) 1.6(1.2,2.2) 1.0(0.8,1.4) 0.9(0.7,1.6) 1.6(1.1,2.2)
TC (IQR) (mmol/L) 4.9(4.2,5.6) 5.3(4.7,5.9) 5.4(4.7,6.1) 6.1(5.2,7.2) 5.3(4.6,5.9)
VLDL-c(IQR) (mmol/L) 1.2(0.7,1.7) 0.7(0.5,1.0) 0.5(0.4,0.6) 0.4(0.3,0.7) 0.7(0.5,1.0)
T2D (n (%)) 16(19.75) 57(70.37) 4(4.94) 4(4.94) 8l

HTN (n (%)) 42(16.73) 162(64.54) 42(16.73) 5(1.99) 251

CKD (n (%)) 16(23.19) 44(63.77) 8(11.59) 1(1.45) 69

Female

Number (%) 69(5.1) 563(41.67) 592(43.82) 127(9.4) 1351

HDL-C (IQR) (mmol/L) 0.93(0.84,1.00) 1.36(1.24,1.46) 1.73(1.04,1.87) 2.19(2.12,2.33) 1.59(1.36,1.80)
Age (IQR) (years) 61(49,69) 59(50,69) 56(49,66) 57(47,66) 57(49,67)

BMI (IQR) (kg/m?) 26.0(23.6,28.2) 24.8(22.8,27.7) 23.2(21.2,25.2) 22.4(20.5,25.0) 23.9(21.7,26.4)
FBG (IQR) (mmol/L) 5.7(4.9,6.8) 5.2(4.8,5.9) 4.9(4.6,5.4) 4.9(4.6,5.4) 5.0(4.7,5.6)
LDL-c (IQR) (mmol/L) 2.1(1.6,2.5) 3.1(2.5,3.8) 3.3(2.8,4.0) 3.5(2.9,4.2) 3.2(2.6,3.9)
TG (IQR) (mmol/L) 3.4(2.1,5.5) 1.6(1.1,2.2) 1.1(0.9,1.4) 1.0(0.8,1.2) 1.2 (1.0,1.8)
TC (IQR) (mmol/L) 4.8(4.1,5.5) 5.2 (4.6,6.0) 5.6(5.0,6.4) 6.2(5.5,7.1) 5.4(4.8,6.3)
VLDL-¢c(IQR) (mmol/L) 1.5(1.0,2.4) 0.7(0.5,1.0) 0.5(0.4,0.6) 0.4(0.4,0.5) 0.6(0.4,0.8)
T2D (n (%)) 11(9.64) 61(53.51) 34(29.82) 8(7.02) 114

HTN (n (%)) 24(6.54) 195(53.13) 125(34.06) 23(6.27) 367

CKD (n (%)) 6(6.45) 52(55.91) 26(27.96) 9(9.68) 93

Abbreviations: HDL-c, high-density lipoprotein cholesterol; L-HDL-c, low HDL-c; M-HDL-c, medium HDL-c; H-HDL-c, high HDL-c; E-HDL-c, extremely high HDL-c;
BMI, body mass index; FBG, fasting blood glucose; LDL-c, low-density lipoprotein cholesterol; TG, triglyceride; TC, total cholesterol; VLDL-c, very-low-density lipoprotein
cholesterol; T2D, type 2 diabetes mellitus; HTN, hypertension; CKD, chronic kidney disease.

Nevertheless, L-HDL-c and M-HDL-c still accounted for
81.2% of male patients with HTN, although no statistical
significance was found (Figure 2E).

Correlation Between HDL-c and

Inflammatory Indicators

In both sexes, the HsCRP level generally declined as the HDL-
¢ level increased in the three diseases (Figure 3A, 3B, 3C).
However, trend divergence was seen in females and males for
the IL-6 concentration. In males, the IL-6 level was inversely
correlated with the HDL-c level, whereas in females, the IL-6
level decreased to the lowest level in the H-HDL-c group and
increased again in the E-HDL-c group (Figure 3D, 3E, 3F).

Correlation Between HDL-c and Early-

Stage Renal Impairment Indicators

No distinct correlation was observed among U-NAG,
Cys-C and HDL-c levels in females (Figure 4A, 4B,
4C, 4G, 4H, 4I). In males, however, the Cys-C level

decreased significantly with increasing HDL-c levels in
patients with T2D (p<0.05, Figure 4G). Moreover, the
RBP level was also negatively correlated with the HDL-
¢ level among all patients from the L-HDL-c to the
H-HDL-c level but increased as the HDL-c level con-
tinued to rise, which was significant in patients with
HTN (p<0.05, Figure 4E) and in female patients with
T2D (p<0.05, Figure 4D).

Differences in the Levels of HDL-c,
Inflammation and Early-Stage Renal
Impairment Indicators Between Females
and Males

Among the three diseases, a universally higher level of
HDL-c was detected in females than in males (Table 2).
Concordant with this finding, lower levels of the renal
impairment indicators U-NAG, RBP and Cys-C were
observed in females (Table 2, Figure 4), but the levels of
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Figure 2 Comparison of HDL-c between patients with T2D, HTN, and CKD and the controls in males and females. The comparison of HDL-c in patients with T2D and
controls (A), with HTN and controls (B), with CKD and controls (C). Comparison of the HDL-c distribution ratio in patients with T2D and the controls (D), with HTN and

the controls (E), with CKD and the controls (F). *Indicates p < 0.05.
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Figure 3 The correlation between HsCRP, IL-6 and HDL-c in male and female patients with T2D, HTN, or CKD. The correlation between HsCRP and HDL-c in patients
with T2D (A), patients with HTN (B), and patients with CKD (C). The correlation between IL-6 and HDL-c in patients with T2D (D), patients with HTN (E), and patients

with CKD (F). *Indicates p < 0.05.

Abbreviations: HsCRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; T2D, type 2 diabetes mellitus; HTN, hypertension; CKD, chronic kidney disease; HDL-c,
high-density lipoprotein cholesterol; control, healthy participants; L-HDL-c, low HDL-c; M-HDL-c, medium HDL-c; H-HDL-c, high HDL-c; E-HDL-c, extremely high HDL-c.

HsCRP and IL-6 in females were higher than those in
males (Table 2, Figure 3).

Discussion

In this study, we found that the HDL-c levels of patients
with T2D, HTN and CKD were all lower than those of the
control group and more distributed in the L-HDL-c and
M-HDL-c levels in both sexes. Moreover, there was not
only a sex difference in the correlation between the HDL

level and HsCRP, IL-6, U-NAG, RBP and Cys-C levels
but also a discrepancy within a disease entity in the same
sex concerning the relation between the HDL-c level and
these variables, especially in HTN.

First, differential levels of HDL-c between patients with
T2D, HTN or CKD and the control were found. Our results
are consistent with most other studies.”®* ** HDL-c was con-
stantly independently and inversely related to the risks of
hyperglycemia, hypertension and hyperuricemia. Therefore,
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Figure 4 The correlation between U-NAG, RBP, Cys-C and HDL-c in male and female patients with T2D, HTN, or CKD. The correlation between U-NAG and HDL-c in
patients with T2D (A), patients with HTN (B), and patients with CKD (C). The correlation between RBP and HDL-c in patients with T2D (D), patients with HTN (E), and
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Abbreviations: U-NAG, urine n-acetyl-B-d-glucosidase; RBP, retinol binding protein; Cys-C, cystatin ¢; T2D, type 2 diabetes mellitus; HTN, hypertension; CKD, chronic
kidney disease; HDL-c, high-density lipoprotein cholesterol; control, healthy participants; L-HDL-c, low HDL-c; M-HDL-c, medium HDL-c; H-HDL-c, high HDL-c; E-HDL-c,

extremely high HDL-c.

an insufficient HDL-c volume in patients with dyslipidemia-
associated diseases became the basis for clinical attempts to
treat patients with dyslipidemia by increasing the level of
HDL-c. However, an effort to increase HDL-c did not yield
the expected clinical effect, suggesting that further analysis
of the relationship between HDL-c and related diseases, such
as the sex differences and disease-related distribution differ-
ences of HDL-c in patients with dyslipidemia, is needed.
Next, we found intriguing sex differences when view-
ing the index values. The HDL-c level in females was
higher overall than that in males regardless of T2D, HTN
or CKD. Regarding U-NAG, RBP and Cys-C, indicators
reflecting early-stage renal injury, we found reasonably

lower values in females. Nonetheless, comparison of
HsCRP and IL-6, indicators of the proinflammatory
response, showed that indicator levels in females were
universally higher than those in males. In addition, HDL-
¢ differences among patients with different diseases also
deserve to be investigated. HsCRP, IL-6, and RBP were
the most significantly correlated with HDL-c levels in
patients with HTN (p<0.05), yet we failed to find such
correlations in patients with T2D and CKD. HDL particles
exert a variety of effects, such as anti-inflammation, anti-

31 Overall,

oxidation, antithrombosis and antiapoptosis.
HDL-c manifests as impeding the progression of inflam-

mation and renal impairment. However, our findings
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Table 2 Comparison of HDL-c, Inflammatory and Early-Stage Renal Impairment Indicators in Patients with T2D, HTN or CKD and

the Controls (Healthy Participants)

Male Female
Control T2D P Control T2D p
HDL-c (IQR) (mmol/L) 1.4(1.1,1.6) 1.2(1.1,1.4) 0.000 1.6(1.4,1.9) 1.5(1.3,1.7) 0.000
L-HDL-c (n (%)) 44(11.7) 16(19.8) 0.000 28(3.6) 11(9.6) 0.000
M-HDL-c (n (%)) 235(62.7) 57(70.4) 255(32.8) 61(53.5)
H-HDL-c (n (%)) 85(22.7) 4(4.9) 407(52.4) 34(29.8)
E-HDL-c (n (%)) 11(2.9) 4(4.9) 87(11.2) 8(7.0)
Total (n (%)) 375(100) 81(100) 777(100) 114(100)
HsCRP (IQR) (mg/L) 1.2(0.4,2.4) 1.8(0.8,3.0) 0.008 1.2(0.0,2.2) 1.8(1.1,3.4) 0.000
IL-6 (IQR) (pg/mL) 3.2(24,44) 3.7(2.9,4.7) 0.037 2.9(24,3.7) 3.7(2.8,5.0) 0.000
U-NAG (IQR) (U/L) 3.5(2.1,5.9) 5.5(3.4,10.7) 0.000 2.1(1.2,3.6) 3.6(1.8,6.9) 0.000
RBP (IQR) (mg/L) 58.0(50.1,68.6) 61.9(51.8,78.4) 0.019 49.2(41.0,57.7) 57.8(48.8,68.1) 0.000
Cys-C (IQR) (mg/L) 0.9(0.9,1.0) 1.0(0.9,1.2) 0.000 0.8(0.8,0.9) 0.9(0.8,1.1) 0.000
Control HTN P Control HTN p
HDL-c (IQR) (mmol/L) 1.4(1.1,1.6) 1.27(1.1,1.5) 0.002 1.6(1.4,1.9) 1.5(1.3,1.7) 0.000
L-HDL-c (n (%)) 44(11.7) 42(16.7) 0.114 28(3.6) 24(6.5) 0.000
M-HDL-c (n (%)) 235(62.7) 162(64.5) 255(32.8) 195(53.1)
H-HDL-c (n (%)) 85(22.7) 42(16.7) 407(52.4) 125(34.1)
E-HDL-c (n (%)) 11(2.9) 5(1.9) 87(11.2) 23(6.3)
Total (n (%)) 375(100) 251(100) 777(100) 367(100)
HsCRP (IQR) (mg/L) 1.2(0.4,2.4) 1.7(1.1,3.2) 0.000 1.2(0.0,2.2) 1.9(1.1,3.1) 0.000
IL-6 (IQR) (pg/mL) 32(2444) 3.6(2.7,4.7) 0.025 2.9(24,3.7) 3.6(2.8,4.7) 0.000
U-NAG (IQR) (U/L) 3.5(2.1,5.9) 5.3(3.2,83) 0.000 2.1(1.2,3.6) 2.9(1.6,4.9) 0.000
RBP (IQR) (mg/L) 58.0(50.1,68.6) 61.4(50.5,74.2) 0.009 49.2(41.0,57.7) 57.5(49.3,69.2) 0.000
Cys-C (IQR) (mg/L) 0.9(0.9,1.0) 1.0(0.9,1.2) 0.000 0.8(0.8,0.9) 0.9(0.9,1.1) 0.000
Control CKD P Control CKD p
HDL-c (IQR) (mmol/L) 1.4(1.1,1.6) 1.19(1.0,1.5) 0.001 1.6(1.4,1.9) 1.5(1.3,1.8) 0.001
L-HDL-c (n (%)) 44(11.7) 16(23.2) 0.025 28(3.6) 6(6.5) 0.000
M-HDL-c (n (%)) 235(62.7) 44(63.8) 255(32.8) 52(55.9)
H-HDL-c (n (%)) 85(22.7) 8(11.6) 407(52.4) 26(28.0)
E-HDL-c (n (%)) 11(2.9) 1(1.4) 87(11.2) 9(9.7)
Total (n (%)) 375(100) 69(100) 777(100) 93(100)
HsCRP (IQR) (mg/L) 1.2(0.4,2.4) 1.7(1.1,3.1) 0.002 1.2(0.0,2.2) 2.5(1.4,3.9) 0.000
IL-6 (IQR) (pg/mL) 32(24,4.4) 3.9(3.3,5.5) 0.000 2.9(24,3.7) 4.5(3.4,6.2) 0.000
U-NAG (IQR) (U/L) 3.5(2.1,5.9) 6.1(3.7,10.9) 0.000 2.1(1.2,3.6) 42(2.5,7.3) 0.000
RBP (IQR) (mg/L) 58.0(50.1,68.6) 73.2(57.3,88.7) 0.000 49.2(41.0,57.7) 64.3(53.9,75.1) 0.000
Cys-C (IQR) (mg/L) 0.9(0.9,1.0) 1.3(1.1,1.5) 0.000 0.8(0.8,0.9) 1.2(1.1,1.5) 0.000

Abbreviations: T2D, type 2 diabetes mellitus; HTN, hypertension; CKD, chronic kidney disease; control, the healthy participants; HDL-c, high-density lipoprotein
cholesterol; L-HDL-c, low HDL-c; M-HDL-c, medium HDL-c; H-HDL-c, high HDL-c; E-HDL-c, extremely high HDL-c; HsCRP, high-sensitivity C-reactive protein; IL-6,
interleukin-6; U-NAG, urine n-acetyl-B-d-glucosidase; RBP, retinol binding protein; Cys-C, cystatin c.

indicated that the anti-inflammation and renal protection of
HDL-c were not completely parallel to its concentration
and that HDL particles likely offer heterogeneous func-
tions in the different sexes and different diseases. HDL-c
is a complicated large molecule composed of many pro-
teins and lipids, with apolipoprotein Al (Apo Al) occupy-
ing more than 70% of the total protein mass. It has been

shown that when ApoAl is replaced by Apo-AllL>* HDL-c
is altered to a smaller molecule and exerts an anti-inflam-
matory effect with the potential participation of HDL-
associated miRNA.>* Various associated changes in
miRNAs, proteins, and lipids determine numerous patterns
of the HDL submicron structure, which provides hetero-
geneous functions within a particular disease setting. To
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expand the benefit of HDL-c-raising therapy, further stu-
dies on the components and properties of the HDL-c
complex in different diseases are needed. Since the proin-
flammatory indicators were not lower in females in line
with their higher HDL-c levels, in current clinical practice,
barely assessing the efficacy of HDL-c treatment via mea-
surement of HDL-c concentration seems inadequate. To
better reflect the anti-inflammatory effect of HDL-c, it is
feasible to apply additional monitoring indicators, such as
hsCRP and IL-6. Some studies found that low serum
HDL-c concentrations were negatively correlated with
hsCRP and IL-6.** Further research showed that HDL-c
exerts its anti-inflammatory properties by preventing LPS
from activating the Toll-like receptor 4 (TLR4) signaling
pathway in monocytes to reduce the expression of the
proinflammatory cytokine IL-6, which subsequently stimu-
lates the secretion of CRP.° According to our study,
HsCRP levels generally declined as HDL-c levels
increased in patients with T2D, HTN and CKD. IL-6
was decreased to its lowest level in the E-HDL-c group
in males but in the H-HDL-c group in females. Therefore,
in order to achieve the maximum antagonistic effect on
chronic inflammation, it seems reasonable to control the
HDL-C level in the range of 1.56-2.05 mmol/L in women,
while higher levels of HDL-C may benefit men. Great
awareness of the sex differences in HDL-c needs to be
raised.

Finally, we evaluated the correlation between the
indexes of early-stage renal impairment and HDL-c levels
in three disease groups, which has rarely been investi-
gated at present. In this study, U-NAG and Cys-C are
both sensitive markers of glomerular filtration, but
a significant correlation was unable to be observed
between U-NAG and Cys-C levels and the HDL-c
level. Fortunately, an inverse correlation between the
RBP level and HDL-c level was seen in all three diseases
and was significant in HTN. For both female and male
patients with HTN, the RBP level decreased to the valley
at the H-HDL-c level and climbed in the E-HDL-c group.
This finding implied that extremely high levels of HDL-c
did not play the expected protective role in renal injury,
which is in alignment with the result of Ziyad Al-Aly
et al.” Therefore, in order to avoid adverse effects on the
kidney when using HDL-c-elevating therapy, it may be
appropriate to keep HDL-C in the range of H-HDL-c.
The heterogeneity of HDL-c among T2D, HTN and CKD
seems like it cannot be neglected.

In accordance with the collected data, the vast majority
of the patients fell within the L-HDL-c and M-HDL-c
groups (Figure 2D, 2E, 2F). Properly increasing the HDL-
¢ value might therefore provide a considerable benefit to the
health of the population. Consequently, in addition to its
level, taking the heterogeneous properties of HDL-c into
account, physicians are supposed to create a more rational
plan adjusted to a particular disease and sex. Furthermore,
most studies of HDL-c currently focus on its impact on the
final clinical outcome but fail to monitor its therapeutic
efficacy and evaluate the rationality of the target value.
This study found that HDL-c levels were significantly cor-
related with HsCRP and RBP levels in patients with HTN,
and this correlation was completely consistent in males and
females. HsCRP and RBP can be used as indicators to
monitor the efficacy of HDL-c-raising therapy in HTN,
which may enable patients to benefit from HDL-c treatment
to a greater extent, thereby delaying disease progression and
even improving the clinical outcome. However, the practi-
cal effect of the two indicators still needs to be confirmed by
a large sample of multicenter studies.

Conclusion

By applying a detailed grouping of the patients in the
current study, we noticed the existence of substantial dif-
ferences in HDL-c levels between different types of dis-
ease and sex, and highlighted that a higher HDL level does
not always predict a better clinical outcome of patients.
Moreover, we found that both HSCRP and RBP correlated
negatively with HDL-c in HTN patients, indicating that
monitoring HsSCRP and RBP may serve as indicators for
therapeutic efficacy of HDL-c-raising medications in HTN
patients, but not in T2D and CKD patients.

In the future, we will have deeper insight into the
molecular composition and structure of HDL-c particles
with the invention of convenient and high-throughput
detection technology. On the basis of that possibility, the
precise correlation between its function and submicron
structure can be elaborated to provide a more accurate
and rational guide for curing a series of diseases associated

with lipid metabolism disorders.
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