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Purpose: Whether the paradox of high-density lipoprotein cholesterol (HDL-C) and ele-
vated mortality risk extends to hypertensive patients is unclear. We aimed to investigate the
association between HDL-C and all-cause and cardiovascular disease mortality in adults with
hypertension.

Methods: In the National Health and Nutrition Examination Surveys, 11,497 hypertensive
participants aged >18years old and examined at baseline between 1999 and 2014 were
followed up until December 2015. We categorized the HDL-C concentration as <30,
31-40, 41-50, 51-60 (reference), 61-70, >70 mg/dL and examined their associations with
all-cause and cardiovascular mortality, respectively. Multivariate Cox regression was used to
calculated hazard ratio (HR) and 95% confidence interval (CI) for mortality risk.

Results: During follow-up (median: 9.2 + 3.8 years), 3012 deaths and 713 cardiovascular
deaths were observed. In the restrictive cubic curves, associations of HDL-C levels and all-
cause and cardiovascular mortality were detected to be U-shaped. After multivariable
adjustment, HRs for all-cause mortality were for the lowest HDL-C concentration (<30
mg/dL) 1.29 (95% CI, 1.07-1.56) and the highest (>70 mg/dL) 1.20 (1.06-1.37), comparing
with the reference group. For cardiovascular mortality, HRs were 1.31 (0.83—1.48) and 1.09
(0.83-1.43), respectively. Similar results were obtained in subgroups stratified by age,
gender, race, and taking lipid-lowering drugs. The lowest all-cause mortality risk was
observed at HDL-C 66 mg/dL (concentration) and 51-60 mg/dL (range).

Conclusion: Both lower and higher HDL-C concentration appeared to be associated with
higher mortality in hypertensive population. Further investigation is warranted to clarify the
underlying mechanisms.

Keywords: all-cause mortality, high-density lipoprotein cholesterol, cardiovascular
mortality, hypertension

Introduction

High-density lipoprotein cholesterol (HDL-C) levels play a critical role in cardio-
vascular risk assessment and are recommended by current American and European
guidelines for routine measurement in clinical practice.'** The recommendation was
to some extent based on early epidemiological studies that indicated an inverse
linear association between high-density HDL-C concentration and incidence of
cardiovascular event (CVD) and all-cause mortality.>® These findings supported
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the hypothesis that raising HDL-C levels could promote
prognosis and consolidated the protective role of HDL-C
in the field of cardiovascular risk prevention. However,
whether extremely high level of HDL-C could maintain its
protective role has been questioned in the past few years.
In fact, most of the clinical trials targeting an increase in
HDL-C have failed to reduce the risk of CVD or mortality
compared with patients receiving placebo.”!' Moreover,
studies have found that higher level of HDL-C was not
associated with decreased risk of CVD and cardiovascular
mortality in some specific populations.'>'* These data
from observational and randomized controlled studies
indicated a more complicated relationship between HDL-
C and mortality than the traditional HDL-C hypothesis.

In the recent past, numerous studies that intended to
investigate the relationship between HDL-C levels and mor-
tality risk have shown inconsistent results. For example, a
J-shaped or U-shaped association between HDL-C and all-
cause mortality or cardiovascular mortality was observed in
the general population.'>™"? In addition, a cohort study from
China found that both lower and higher HDL-C were asso-
ciated with increased risk of CVDs in the general rural China
population, but results for cardiovascular mortality were not
significant.® In patients with type 2 diabetes, participants
with relatively high HDL-C concentration had higher risk of
CVDs and all-cause mortality.”' No significant association
between HDL-C and all-cause mortality was found in some
other studies.'*?*?* These inconclusive data emphasized the
importance of classifying the potential relationship between
HDL-C and risk of mortality, especially in hypertensives,
considering the limited data in this large population. To
address this knowledge gap, the current study aimed to test
the hypothesis that both very low (<30 mg/dL) and high (>70
mg/dL) HDL-C levels were associated with greater risk of
all-cause and cardiovascular mortality in patients with hyper-
tension by leveraging data from the National Health and
Nutrition Examination Surveys (NHANES).

Methods

Study Population

The NHANES is a nationally representative survey
designed and conducted by the Center for Disease
Control and Prevention for evaluating the health status of
US citizens. In the present study, we used data from the
1999-2014 NHNAES (N = 47,356 for subjects aged >18
years old) and set the end of follow-up time on 31
December 2015. We excluded participants who had

incomplete HDL-C data (N = 5161), missing covariate
data (other laboratory test, medical history, and clinical
data; N = 15,822), without available mortality status (N =
49), and without hypertension at baseline (N = 14,647). A
total of 11,497 participants were enrolled for the final
analysis (Figure 1). The NAHNES was approved by the
Institutional Review Board of the Centers for Disease
Control and Prevention and informed consents were
obtained from all participants.

Exposure Assessment

The exposure variable was HDL-C concentration. Blood
sample collection and lipid measurement were based on a
standardized protocol according to Centers for Disease
Control and Prevention criteria. Fasting samples were
obtained from peripheral venous blood and stored on dry
ice until they were shipped to Johns Hopkins University
Lipoprotein Analytical Lab. All blood samples were mea-
sured through a Hitachi 704 Analyzer (Boehringer
Mannheim Diagnostics, Indianapolis, IN).>* HDL-C was
measured using a heparin-manganese precipitation method

% while triglycerides

or a direct immunoassay technique,
(TG) and total cholesterol (TC) were measured enzymati-
cally. Low-density lipoprotein cholesterol (LDL-C) was
calculated according to the Friedewald formula [LDL-
C=TC-HDL-CHTG/5)] if TG was <4.5 mmol/L (400

mg/dL).*

Outcome Assessment
Mortality the NHANES
1999-2014 was ascertained through probabilistic record

status of participants in
matching with the National death Index. The intend out-
comes of the current study were death from all causes and
cardiovascular mortality. The International Classification
of Diseases (ICD), 10th Revision was used for the identi-
fication of underlying causes of death. Cardiovascular
mortality was defined as death caused by cardiovascular
disease (ICD —10 codes 100 to 109, 111, 113, 120 to I51) or
cerebrovascular disease (160 to 169). Study participants
were followed up through December 2015 if they did not
meet the intended outcome.

Covariates for Analysis

For each survey in the NHANES, standardized question-
naires and examinations were conducted to assess covari-
ates at baseline based on established association with
mortality. These included age, sex, race (dichotomized
into White versus Non-white), education (dichotomized

submit your manuscript

2014

Dove

Risk Management and Healthcare Policy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Chen et al

Survey (1999-2014) (n=82091)

National Health and Nutrition Examination

Exclusion : Age<l18 years old

A\ 4

(n=34735)

Age >18 years old (n=47356)

Exclusion:
Missing high density lipoprotein

cholesterol data (n=5161)

A 4

Missing follow-up data (n=49)
Missing past medical history
(n=3204)

Missing other laboratory test data
(n=10318)

Missing other clinical data (n=2480)

n=26144

Exclusion:

Baseline without hypertension

Y

A 4

(n=14647)

Enrolled analysis (n=11497)

Figure | Flowchart of study participants.

into high school or above versus others), had at least 100
cigarettes in lifetime (yes or no), systolic and diastolic
blood pressure (average value of four measurements),
body mass index (BMI), estimated glomerular filtration
rate (eGFR), C-reactive protein (CRP), dietary energy in
kcal, self-report of comorbidities (diabetes and cardiovas-
cular disease), and current medication usage (including
antihypertensive drugs, hypoglycemic agents, lipid-lower-
ing drugs, and antiplatelet drugs). BMI was calculated by
divided by height [kg/m2]. The
Modification of Diet in Renal Disease formula was used

weight squared
to calculate eGFR.?’” Hypertension in our analysis was
defined as self-report of prior diagnosis of hypertension
by a doctor, or taking any antihypertensive drugs, or SBP
> 140 mmHg or DBP > 90 mmHg.?® Diabetes was defined
as self-reported history of diabetes, or taking anti-diabetes
medications, or a fasting blood glucose >126 mg/dL
(7-:0 mmol/L), or a hemoglobin Alc >6-5% (48 mmol/
mol).?’ Antihypertensive drugs included angiotensin-con-
verting enzyme inhibitor (ACEI), angiotensin receptor
blocker (ARB), p-blocker, blocker
(CCB), and diuretics.

calcium channel

Statistical Analysis

Data were presented as mean standard deviation (SD) for
continuous variables and percentages for categorical vari-
ables. Baseline characteristics between HDL-C groups
were reported and compared using the One-Way
ANOVA, Kruskal-Wallis H-test and chi-square tests, as
appropriate. We initially performed survival analysis using
standardized Kaplan—Meier curves and Log rank test. The
shape of association between HDL-C levels and all-cause
and cardiovascular mortality was then examined by multi-
variate adjusted Cox restricted cubic spline regression
models. We further applied a two-piecewise linear regres-
sion model using a smoothing function to test whether
there was a non-linear relationship between HDL-C and
all-cause and cardiovascular mortality. Trial and error were
used to determine the threshold level, including selecting
turning points along predetermined intervals and then
selecting the turning point that gave the maximum model
likelihood. If a nonlinear relationship was detected, a two-
piecewise Cox proportional hazards model on both sides
of the inflection point, and log likelihood ratio test were
performed. Next, we conducted Cox proportional hazards
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models to estimate HR with 95% confidence interval (CI)
of outcomes of interest for HDL-C categories (<30, 31-40,
41-50, 51-60 (reference), 61-70, >70 mg/dL). Model 1
was univariate. Age, sex, and race were included in Model
II. Fully adjusted model (Model III) incorporated covari-
ates including age, gender, race, education level, smoking,
BMI, energy, systolic blood pressure, eGFR, CRP, TC,
diabetes, cardiovascular disease, lipid-lowering agents,
antidiabetic drugs, antihypertensive drugs, and antiplatelet
drugs. Finally, we conducted subgroup analyses including
age (<65 or >65 years), sex (men or women), race (White
or Non-white), cardiovascular disease (yes or no), diabetes
(yes or no), BMI (<25 or >25 kg/m?), and taking lipid-
lowering drugs (yes or no). P < 0.05 was considered
statistically significant. R version 3.3.2 (R Foundation for
Statistical Computing, Vienna, Austria) was used for all
statistical analyses.

Results

Baseline Characteristics

The baseline characteristics of all the participants
according to HDL-C levels are summarized in Table 1.
The present study included 11,497 participants (male:
49.7% and mean age: 60.7 years). The mean concentra-
tion of HDL-C was 52.34 mg/dl (1.35 mmol/l). HDL-C
>70mg/dL was identified in 13.0% of participants, with
a higher proportion of women in this group. Among
HDL-C groups, we observed significant differences in
all baseline covariates except for eGFR and usage of
antihypertensive medications including ARB, CCB, and
diuretics.

Incidence of All-Cause and

Cardiovascular Death

As provided in Table 1, 26.20% (n= 3012) of participants
died due to all causes and 713 (6.20%) cardiovascular
deaths were recorded during an average follow-up of
109.87 + 46.12 months. There was no significant differ-
ence in the incident all-cause and cardiovascular mortality
among HDL-C categories due to the results of chi-square
tests (P > 0.05). However, including follow-up time as a
variable in the survival curve analyses, Figure S1 showed
that participants with higher HDL-C had significantly
lower all-cause event-free survival (Log rank P =0.025).
The difference among HDL-C groups for cardiovascular

survival probability, however, was not significant.

Hazard Ratios for Total and

Cardiovascular Mortality

In the restricted cubic spline regression models with full
adjustment for age, gender, race, education level, smoking,
BMI, energy, systolic blood pressure, eGFR, CRP, TC,
diabetes, cardiovascular disease, lipid-lowering agents,
antidiabetic drugs, antihypertensive drugs, and antiplatelet
drugs, the relationships between HDL-C and all-cause and
cardiovascular mortality were both U-shaped in partici-
pants with hypertension (Figure 2). The results of two-
piecewise linear regression model are demonstrated in
Table 2. After adjusting for potential confounders, the
cut-off values of all-cause, and cardiovascular mortality
were 1.71 mmol/L (66mg/dl) and 1.19mmol/L (46mg/dl),
respectively. When HDL-C was less than the cut-off value,
the HRs for all-cause and cardiovascular mortality were
0.83 (95% CI: 0.72-0.96, P = 0.011) and 0.46 (0.25-0.83,
P = 0.010) for every 1 mmol/L increase in HDL-C,
respectively. On the right of the cut-off value, the HRs
for of all-cause and cardiovascular mortality were 1.71
(1.42-2.07, P < 0.001) and 1.20 (0.93-1.55, P = 0.163),
respectively. The multivariate HRs for all-cause mortality
for HDL-C levels of <30, 3140, 41-50, 51-60 (refer-
ence), 61-70, and >70 mg/dL were 1.29 (1.07-1.56, P =
0.009), 1.10 (0.98-1.24, P = 0.100), 1.07 (0.97-1.19, P =
0.086), 1.00, 1.04 (0.91-1.18, P = 0.576), and 1.20 (1.06—
1.37, P = 0.005), respectively (P for trend = 0.869). In
addition, the multivariable-adjusted HRs for cardiovascu-
lar mortality were 1.31 (0.90-1.91, P =0.153), 1.13 (0.89-
1.42, P = 0.313), 0.97 (0.78-1.21, P = 0.808), 1.00, 0.97
(0.74-1.27, P = 0.843), and 1.09 (0.83-1.43, P = 0.541),
respectively (P for trend = 0.422) (Table 2). Both lower
(<30 mg/dL) and higher (>70 mg/dL) HDL-C levels were
associated with higher all-cause mortality risk. We found a
similarly increased risk trend for cardiovascular mortality,
but the association was not significant (P > 0.05), perhaps
as a result of the relatively limited sample size and cardi-
ovascular deaths (Table 2).

Subgroup Analyses

We performed subgroups analyses stratified by age gender,
race, BMI, diabetes, cardiovascular disease, and taking
lipid-lowering drugs, as provided in Table 3. Age, gender,
race and BMI interacted significantly with the association
between HDL-C levels and all-cause mortality. There were
also interactions among age, race, HDL-C levels, and
cardiovascular mortality (P for interaction <0.05). A
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Figure 2 Adjusted cubic spline model of the association between hazard ratio of all-cause mortality (A) and cardiovascular mortality (B) and HDL-C in hypertensive

patients.

clear U-shaped association was found in hypertensive sub-
jects without diabetes and not taking lipid-lowering drugs
(Table 3). In addition, we conducted threshold effect ana-
lysis by subgroups including age, gender, and race. HRs
with 95% CI for per 1 mmol/L increase in HDL-C on the
left and right of the cut-off value were summarized in
Table S1. Moreover, the nature of associations of HDL-C
levels with all-cause and cardiovascular mortality by sub-
groups including age (<65 and >65 years), gender (male
and female), race (White and Non-white), were shown
using restricted cubic splines (Figure S2-S7).

Discussion

In this population-based study, using data from the
NHANES 1999-2014, we found a U-shaped relationship
of HDL-C with all-cause mortality and a non-linear asso-
ciation between HDL-C and cardiovascular mortality.
Both lower and higher levels of HDL-C appeared to be
associated with increased with mortality risk in patients
with hypertension. The lowest all-cause mortality and
cardiovascular mortality risk were observed at HDL-C 66
mg/dL and 46 mg/dL (cut-off values), respectively, while
the optimal HDL-C range was 51-60 mg/dL for all-cause
mortality. Besides, there were significant interactions
between age, gender, race, HDL-C and risk of all-cause
or cardiovascular mortality.

Our results were consistent with previous studies that
indicated a non-linear relationship between HDL-C con-
centrations and mortality. A recent meta-analysis of 37
prospective cohort studies involving 3,524,505 partici-
pants demonstrated a J-shaped dose—response relationship

between HDL-C level and death from all causes and
cardiovascular disease in the general population. The
study indicated that both the lowest and highest HDL-C
levels were related to increased all-cause and cardiovas-
cular mortality risk.'> Similarly, Sun et al found that, in the
general Chinese adults, the relation of HDL-C and all-
cause mortality was U-shaped and that HDL-C>80 mg/dl
was significantly correlated with greater risk of all-cause
death.”® Another study using data from the NHANES
1999-2010 showed that extremely high (=100 mg/dL) or
low (<30 mg/dL) levels increased risk of all-cause deaths
and deaths from coronary heart disease and stroke in
American adults, but the results were not stratified by
hypertension status.’®> Among the elderly, Mao, et al’'
found that HDL-C <61 mg/dL was related to a 18% higher
all-cause mortality risk and HDL-C >87 mg/dL increased
the risk by 56% compared with the group with HDL-C
concentrations ranging from 61 to 87 mg/dL. They also
observed a non-linear association of HDL-C with cardio-
vascular mortality.>' In our study, the cut-off points of
HDL-C were higher for all-cause mortality than cardio-
vascular mortality (66 vs 46 mg/dL), which were similar to
Maoet al’' Similar nature of non-linear associations (U-
shaped or J-shaped) were also confirmed in some other
studies.'®!?323 These findings were inconsistent with
studies that illustrated an inverse linear association
between HDL-C and mortality.**** Notably, due to the
relatively small sample size and the different criteria used
to divide HDL-C levels, these studies might fail to detect
the potential U-shaped or non-linear association in the
study subjects.*> Moreover, other studies claimed that
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P-Interaction

0.053

0.964

0.137

0.159

109 (0.70, 1.68) 0.710
1.05 (0.74, 1.50) 0.787

>70

1.07 (0.78, 1.47) 0.688
1.22 (0.72, 2.06) 0.458

1.14 (0.81, 1.59) 0.455

0.99 (0.62, 1.57) 0.958

1.09 (0.79, 1.49) 0.608
1.08 (0.62, 1.89) 0.775

1.06 (0.67, 1.67) 0.806
0.95 (0.68, 1.33) 0.774

61-70

0.97 (0.70, 1.33) 0.847

1.04 (0.63, 1.72) 0.871

1.12 (0.80, 1.55) 0.508

0.73 (0.4, 1.19) 0.205

1.01 (0.73, 1.39) 0.954
0.89 (0.54, 1.47) 0.650

51-60
1.0
1.0

1.0
1.0

1.0
1.0

1.0
1.0

1.03 (0.67, 1.56) 0.907
0.96 (0.74, 1.24) 0.758

41-50

0.86 (0.65, 1.14) 0.294

1.14 (0.79, 1.66) 0.476

1.02 (0.76, 1.37) 0.886

0.90 (0.64, 1.25) 0.520

0.95 (0.72, 1.24) 0.692
1.00 (0.69, 1.44) 0.992

1.21 (0.74, 1.96) 0.448
1.10 (0.84, 1.44) 0.477

31-40

1.09 (0.81, 1.47) 0.570
1.20 (0.81, 1.77) 0.357

1.09 (0.79, 1.50) 0.617
1.10 (0.78, 1.55) 0.590

1.14 (0.86, 1.51) 0.374
107 (0.71, 1.61) 0.738

High-Density Lipoprotein Cholesterol, mg/dL Hazard Ratios (95% CI)

1.75 (0.81, 3.80) 0.157
123 (0.80, 1.89) 0.356

<30

1.27 (0.76, 2.12) 0.358
1.39 (0.79, 2.46) 0.257

1.00 (0.54, 1.86) 0.988
1.53 (0.94, 2.51) 0.090

113 (0.70, 1.83) 0.613
.54 (0.84, 2.85) 0.166

Number
2452
9045

8344
3153

9236

2261

8616

288|

Body mass index, kg/m?
<25
=25

Table 3 (Continued).

Characteristics

Diabetes

No

Yes
Cardiovascular disease

No

Yes
Lipid-lowering drugs

No

Yes

Notes: When analyzing a subgroup variable, age, gender, race, education level, smoking, body mass index, energy, systolic blood pressure, estimated glomerular filtration rate, C-reactive protein, total cholesterol, diabetes, cardiovascular

disease, antihypertensive drugs, hypoglycemic agents, antiplatelet drugs, and lipid-lowering drugs were all adjusted except the itself.

Abbreviation: Cl, confidence interval.

there was no association of higher concentrations of HDL-
C with mortality risk.'*?*** The reason for our study was
different from these findings may be mainly due to various
populations and different adjusted confounding factors.

As revealed in subgroup analyses, the association of
HDL-C concentrations and mortality risk in our study was
significantly interacted by age, gender and race. A cohort
from northern rural China draw a U-shaped relationship
between HDL-C concentrations and all-cause mortality in
younger participants (<65 years old), but not in those >65
years, which was not in accordance with the results of the
elderly.'’! Banach et al* found an HDL-C paradox in
Mexican-American ethnicity participants, among which
higher HDL-C levels had greater all-cause mortality risk
compared with a lower level. Moreover, in patients with
chronic renal insufficiency, lower risk of all-cause and
cardiovascular mortality for HDL-C >60 mg/dL was only
found in women.*? Our study might have some public and
clinical implications in individuals with extremely low or
high HDL-C concentrations. The measurement of HDL-C
concentration was recommended by current guidelines for
cardiovascular risk assessment in patients with
hypertension.’®*” Based on our results, clinicians were
able to be aware of that the association between HDL-C
and mortality risk was non-linear and the common
thoughts of blindly increasing HDL-C concentration
might be not suitable in hypertensives. These findings
might also be useful in determining which population
will benefit from appropriate management of HDL-C
levels.

The underlying mechanisms of higher HDL-C level
and elevated risk of mortality, so-called HDL-C paradox,
remain unclear. One possible reason was genetic variance.
Studies have found that some variants of certain genes
such as CETP, SCARBI1, ABCAIl, and LIPC could
increase the HDL-C concentration as well as the risk of
adverse health outcomes.'”>**° An alternative reason was
the complicated composition of HDL-C. Differences in
particle size, number, shape, electrophoresis speed, or
lipid and protein composition of HDL-C might contribute
variously to the predictive ability of cardiovascular events.
Additionally, extremely large HDL particle sizes at high
HDL-C concentrations might cause particles like low-den-
sity lipoproteins trapping in the arterial intima, which
might accelerate the development of atherosclerosis.*’
Another plausible explanation was the concentration-
dependent biphasic effects of high-density lipoprotein on
tube formation and angiogenesis of endothelial progenitor
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cells.*? Most importantly, in participants with very high
level of HDL-C, the function of HDL-C might already be
compromised. Dysfunctional HDL-C might in turn pro-
mote cardiovascular risk rather than benefit due to the
great amount of HDL-C. In fact, cumulative evidence
has proved that HDL-C efflux capacity was a better pre-
dictor of cardiovascular risk than HDL-C concentration.
Therefore, cholesterol efflux dysfunction might be a criti-
cal reason for the association of higher HDL-C with
increased incidence of cardiovascular events and death.®*
These findings confirm that further mechanism investiga-
tions need to focus more on the HDL phenotype and
function so as to better understand the role of HDL-C in
cardiovascular disease risk.

The strength of the current research was to include a
representative sampling design, rigorous and standard pro-
tocol for data collection, and linkage to national mortality
data, which made our results of prospective relationship
more reliable. However, some limitations should be con-
sidered for cautious interpretation. First, despite we have
fully adjusted for many risk factors, residual confounding
might exist due to unrecognized confounders such as alco-
hol consumption and steroid usage, as they might result in
higher HDL-C levels. Second, self-reported data such as
medical history and medication usage might cause recall
bias. Third, the number of deaths from cardiovascular
disease was relatively small and the statistical power
might be weak. Longer duration of follow-up is needed
to further confirm a significant association. Fourth, the
current study outcome of interest was mortality rather
than cardiovascular events. Fifth, the baseline HDL-C
levels of study participants might change during follow
up, which might result bias in estimated HR. Finally,
because of the observational property of the NAHNES,
our findings cannot conclude a causal relationship between
HDL-C and mortality risk.

Conclusion

In patients with hypertension, we found a U-shaped asso-
ciation of HDL-C concentration with all-cause and a non-
linear association with cardiovascular mortality. Both
lower and higher HDL-C levels were related to higher
probability of mortality risk. Different to the traditional
belief, our findings suggested that “the higher HDL-C
concentration the better” did not hold in hypertensive
individuals. Based on results of the current study, the
lowest all-cause mortality risk was observed at HDL-C
66 mg/dL (concentration) and 51-60 mg/dL (range). The

functional damage of HDL-C might be one important
reason for higher HDL-C increasing mortality risk. More
prospective studies in the future are needed to confirm our
findings.
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