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Background: Non-high-density lipoprotein cholesterol (non-HDL-C) is a valuable
indicator in routine blood lipid tests, but the associations of non-HDL-C with mortality
in hypertensive population still remain uncertain.

Methods: In the National Health and Nutrition Examination Surveys from 1999 to
2014, participants having hypertension were included and grouped by non-HDL-C levels
(<1830, 130-159, 160-189, 190-219, and >220 mg/dl). Multivariate Cox regression was
conducted for calculation of hazard ratios (HR) and 95% confidence interval (Cl). To
reveal the relationship between non-HDL-C and mortality, Kaplan—Meier survival curves,
restricted cubic spline, linear regression, and subgroup analysis were also applied.

Results: A total of 12,169 participants (47.52% males, mean age 57.27 + 15.79
years) were included. During average follow-up of 92.5 months, 1,946 (15.99%)
all-cause deaths and 422 (3.47%) cardiovascular deaths occurred. After adjusting for
confounders, the association of non-HDL-C with mortality was detected as U-shaped.
Threshold values were observed at 158 mg/dl for all-cause mortality and 190 mg/dl
as to cardiovascular mortality. Below the threshold, every 10 mg/dl increment in
non-HDL-C attributed to relatively low all-cause mortality significantly (HR = 0.94, 95%
Cl: 0.92-0.96). Above the threshold, non-HDL-C has significant positive associations
with both all-cause (HR = 1.03, 95% CI: 1.01-1.05) and cardiovascular mortality
(HR = 1.09, 95% CI: 1.05-1.14). For subgroups analysis, similar results were found
among participants age <65 years old, non-white population, those were not taking
lipid-lowering drugs, and subjects with body mass index (BMI) >25 kg/m?.

Conclusion: The U-shaped association was detected between non-HDL-C and
mortality among hypertensive population.

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

As reported by current epidemiological data, hypertension is a
common chronic disease in humans, involving a population of
more than 1.13 billion worldwide, and the global prevalence
of hypertension is still growing (1). Generally, hypertension is
not accompanied by obvious relevant symptoms, and patients
can have hypertension without knowing it. Hypertension is
like a silent killer, which causes various cardiovascular and
cerebrovascular complications (1). Dyslipidemia is not only
a risk factor for hypertension but also closely related to the
prognosis of hypertension (2, 3). Research have found that
interventions for blood pressure and cholesterol in hypertensive
population could bring long-term benefits (4). Therefore, it is
of importance to evaluate and monitor the blood lipid status of
hypertensive patients for comprehensive prevention and control
of hypertension (1, 5). Non-high-density lipoprotein cholesterol
(non-HDL-C) is a parameter containing all kinds of lipoprotein
cholesterol except high-density lipoprotein cholesterol (HDL-C)
(6). The total cholesterol (TC) and HDL-C concentrations can
be assessed by standardized detection methods; TC subtracting
HDL-C can calculate non-HDL-C levels accurately and easily.
Some studies claimed that the measure of apolipoprotein B
(apoB) is more accurate for risk assessment (7). However,
compared with apoB, non-HDL-C concentrations are easier
to obtain by its simple calculation, requiring no additional
costs. Besides, triglyceride (TG), the lipid factor that may be
affected by diet, is not included in the calculation formula. Thus,
the appliance of non-HDL-C will not increase experimental
cost and medical expenses of patients, and it can even be
tested in non-fasting state, which brings convenience to both
medical staff and patients (8). Proven by a large number of
researches, non-HDL-C was regarded as a reliable indicator for
cardiovascular risk stratification (9, 10). Due to the multiple
merits of non-HDL-C application mentioned above, the current
guidelines have proposed non-HDL-C as an alternate parameter
to low-density lipoprotein cholesterol (LDL-C) for monitoring
lipid status (11-13).

Previously, the studies exploring associations of non-HDL-C
and mortality had different outcomes. For example, a positive
association was found in general population (14-16) or patients
with cardiovascular disease (CVD) (17-19). However, a study
in Mediterranean population with diabetes (20) and a study in
elderly European males found no associations (21). Besides, some
studies in patients with renal dysfunction showed that elevated
non-HDL-C could predict higher cardiovascular mortality risk
independently (22, 23), while another study found an inverse
association (24). Similar inverse associations were also found
in elderly (25, 26). Recently, a U-shaped relationship was also
discovered (27). In hypertensive population, rising non-HDL-
C could develop arterial stiffness (28, 29) and even accelerate
the process of hypertension (30). Also, non-HDL-C levels were
observed to be significantly higher in hypertensive patients
compared with healthy population, indicating that non-HDL-C
was a risk indicator worth studying in this concerned population
(31). All in all, the pattern of how non-HDL-C associates
with mortality is still controversial, and there are few studies

investigating this association among hypertensive population.
Thus, we intend to study the association of non-HDL-C with
mortality among patients with hypertension by analyzing data
from the large population representative surveys conducted in
the United States.

METHODS
Study Design and Population

We extracted the data of study population from National
Health and Nutrition Examination Surveys (NHANES) 1999-
2014. NHANES, conducted by the National Center for Health
Statistics, is a series of nationwide surveys to evaluate the
health status of the US citizens. The Centers for Disease
Control and Prevention has ratified the study protocols, and all
participants have provided informed consents. The total number
of the participants in the survey is 47,356. After excluding
the participants in baseline without hypertension (n = 27,657),
missing HDL-C data (n = 2,194) or follow-up data (n = 13), and
those in baseline with CVD or cancer, a total number of 12,169
individuals were enrolled in our formal analysis (Figure 1).

Exposure

The variable being exposed was non-HDL-C concentration. The
collection of blood samples and lipid concentration measurement
were based on standardized procedures. Hitachi 704 Analyzer
(Boehringer Mannheim Diagnostics, Indianapolis, IN, USA)
was applied to examine all the blood samples (32). HDL-C
was obtained by direct immunoassay or a heparin-manganese
precipitation method, while TG and TC were measured
enzymatically (33). LDL-C was computed by the Friedewald
formula when TG < 400 mg/dl (34). Non-HDL-C was computed
by TC subtracting HDL-C (13).

Covariates

The covariates were assessed at baseline by using standardized
questionnaires and physical examinations. These covariates
included age, gender, race (non-white vs. white), smoking
status (yes or no), diabetes (yes or no), body mass index
(BMI), systolic blood pressure (SBP), diastolic blood pressure
(DBP), and current medication treatment (including the use
of antihypertensive, hypoglycemic, and lipid-lowering drugs).
Participants were considered to have hypertension if the
examined SBP > 140 mmHg or/and DBP > 90 mmHg, offering
history of hypertension, or taking antihypertensive medications
(1). The definition of diabetes was detected fasting blood glucose
> 7.0 mmol/l (126 mg/dl), hemoglobin Alc (HbA1C) >6.5%,
offering history of diabetes, or using hypoglycemic drugs (35).

Outcomes

In this study, we need to observe all-cause and cardiovascular
mortality as the endpoints. Participants were followed up
through December 31, 2015 unless dropping out or meeting
the intended outcomes. Mortality status of participants was
authenticated by matches with the National Death Index.
Referring to the International Classification of Diseases,
10th Edition (ICD-10), Clinical Modification System codes,
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National Health and Nutrition Examination
Survey(1999-2014)>18 years old (n=47356)

> Exclusion:

Y

Patients with hypertension in baseline
(n=19699)

Baseline without hypertension (n=27657)

Exclusion:

Y

Participants with complete data (n=17492)

P> Missing HDL-C data (n=2194)
Missing follow-up data (n=13)

Exclusion:

Y

Enrolled analysis (n=12169)

FIGURE 1 | The research flow chart.

P> Baseline with CVD (n=3603)
Baseline with cancer (n=1720)

cardiovascular mortality was identified as deaths caused by CVD
or cerebrovascular disease (ICD-10 codes 100 to 109, 111, 113, 120
to I51, and 160 to 169).

Statistical Analysis

Characteristics of the included participants were divided by
non-HDL-C levels (<130, 130-159, 160-189, 190-219, and
>220 mg/dl) at baseline (36), with the continuous variables
marked by mean values with standard deviation (SD) and
the categorical variables marked by numbers with percentages.
To detect the differences between groups classified by non-
HDL-C levels, one-way ANOVA, Kruskal-Wallis H-test, and
chi-square tests were performed. Multivariate Cox regression
models were applied with different adjustments. Model I was
not adjusted for confounders. Model II was adjusted for
age, gender, and race. Model III was adjusted for smoking,
BMI, SBP, diabetes, and medication treatment in addition to
the adjusted confounders of model II. Kaplan-Meier survival
analyses were applied to analyze the differences of survival
rates according to non-HDL-C stratification, while log-rank test
was applied to examine the differences between groups. Non-
linear relationships were detected by restricted cubic spline
models, and then, two piecewise linear regression models were
built to clarify the difference of relationships at threshold if
the relationships were non-linear. The point with the highest
likelihood among all the possible values was chosen to define the
threshold value. The differences of the results when applying one-
line or two piecewise linear regression models were compared

by logarithmic likelihood ratio test. For subgroup analysis, we
evaluated the results varied by age (=65 or <65 years), gender
(male vs. female), race (non-white vs. white), lipid-lowering drug
usage (yes or no), and BMI (>25 or <25 kg/m?) from regression
analysis. We applied R version 3.6.3 (R Foundation for Statistical
Computing, Vienna, Austria) to perform all the analyses, with
P < 0.05 confirmed as statistical significance.

RESULTS

Baseline Characteristics

Table 1 presents the characteristics of 12,169 participants in this
study. Among all the participants, the average age was 57.27
+ 15.79 years and 47.52% were male. All baseline covariates
have significant differences among non-HDL-C groups (all
P < 0.01), except for gender, smoking status, and the outcomes.
Throughout the 92.5 months of average follow-up period,
1,946 (15.99%) all-cause deaths and 422 (3.47%) cardiovascular
deaths occurred.

The Relationships of Non-HDL-C With
Mortality

Kaplan-Meier survival curves were diverged according
to non-HDL-C groups. The highest risk for all-cause
mortality was observed when non-HDL-C <130 mg/dl (log
rank P < 0.001). For cardiovascular mortality risk, there
were no differences with significance among the groups
(log rank P = 0.52) (Figure 2).
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TABLE 1 | Demographic and clinical characteristics according to non-HDL-C levels.

Non-HDL-C, mg/dI

Total <130 130-159 160-189 190-219 >220 P-value
Number 12,169 4,082 3,498 2,551 1,318 720
Age, years 57.27 £ 15.79 57.99 + 16.51 57.19 + 15.55 57.23 + 15.37 56.61 + 15.28 54.88 + 14.76 <0.001
Gender—male, n (%) 5,783 (47.52) 1,957 (47.94) 1,607 (45.94) 1,218 (47.75) 639 (48.48) 362 (50.28) 0.163
Race—white (%) 5,412 (44.47) 1,699 (41.62) 1,619 (46.28) 1,156 (45.32) 582 (44.16) 356 (49.44) <0.001
Smoking, n (%) 5,741 (47.23) 1,967 (48.22) 1,586 (45.39) 1,207 (47.41) 625 (47.49) 356 (49.44) 0.098
Diabetes, n (%) 3,193 (26.25) 1,308 (32.06) 797 (22.81) 574 (22.50) 322 (24.43) 192 (26.67) <0.001
Body mass index, kg/m? 30.55 £ 7.17 30.22 £ 7.88 30.67 £ 7.16 30.82 + 6.72 30.61 + 6.28 30.81 +5.95 0.007
Systolic blood pressure, mmHg 136.70 £20.94  134.55 +20.78 136.21 £20.568 138.50 £ 21.08 139.00 £+ 21.08 140.49 £ 21.37 <0.001
Diastolic blood pressure, mmHg 73.45 £16.02 70.69 £+ 16.03 73.77 £15.47 74.96 £ 16.13 75.70 £ 16.08 77.75+£156.73 <0.001
Triglycerides <0.001
mg/dl 150.72 +£119.44 106.30 +£59.79 139.96 & 75.53 168.05 + 94.66 208.93 + 138.03 327.54 + 308.08
mmol/| 1.70+1.35 1.20+0.68 1.58+0.85 1.90 + 1.07 2.36 + 1.56 3.70 + 3.48
Low-density lipoprotein cholesterol <0.001
mg/dl 118.76 £ 35.90 85.06 + 18.19  116.96 + 14.84 141.73+ 1547 165.76 £17.17 202.08 + 23.95
mmol/| 3.07 +£0.93 2.20 +£0.47 3.02 +0.38 3.67 + 0.40 4.29 + 0.44 5.23 + 0.62
Total cholesterol <0.001
mg/dl 202.60 +43.33  162.24 £24.06 197.11 £17.567 223.52 +16.62 250.92 4+ 15.98 295.56 + 40.71
mmol/l 5.24+1.12 4.20+0.62 5,10+ 0.45 5.78 £0.43 6.49 + 0.41 7.64 +1.05
High-density lipoprotein cholesterol <0.001
mg/dl 52.57 £ 16.22 56.08 £ 17.71 52.87 £ 15.84 50.41 £ 14.82 48.72 +£13.82 46.13 £ 12.94
mmol/| 1.36 + 0.42 1.45 + 0.46 1.37 £ 0.41 1.30+0.38 1.26 +£0.36 1.19+0.33
Non-HDL-C <0.001
mg/dl 150.04 £43.39 106.21 £17.53  144.24 + 8.61 173.11 £ 8.50 202.20 + 8.62 249.43 + 39.17
mmol/| 3.88 +£1.12 2.75+0.45 3.73 +£0.22 4.48 +£0.22 5.23 +£0.22 6.45 + 1.01
Treatment, n (%)
Antihypertensive drugs 6,619 (54.39) 2,480 (60.75) 1,938 (565.40) 1,301 (51.00) 602 (45.68) 298 (41.39) <0.001
Hypoglycemic agents 1,833 (15.06) 889 (21.78) 420 (12.01) 281 (11.02) 144 (10.93) 99 (13.75) <0.001
Lipid-lowering drugs 2,401 (19.73) 1,263 (30.94) 642 (18.35) 307 (12.03) 116 (8.80) 73 (10.14) <0.001
Outcomes, n (%)
Cardiovascular disease mortality 422 (3.47) 131 (8.21) 111 (8.17) 95 (8.72) 50 (3.79) 35 (4.86) 0.146
All-cause mortality 1,946 (15.99) 681 (16.68) 515 (14.72) 414 (16.23) 214 (16.24) 122 (16.94) 0.178

n, number.

Values are mean =+ standardized differences or n (%).

The multivariate Cox regression results are demonstrated
in Table 2. When non-HDL-C was treated as a continuous
variable in model III, every 10 mg/dl increment in non-HDL-C
corresponded to the hazard ratio (HR) (95% confidence interval,
CI) as 0.98 (0.97-0.99) for all-cause mortality and 1.02 (1.00-
1.05) for cardiovascular mortality. When treating non-HDL-C as
a categorical variable, compared with the reference (non-HDL-
C = 130-159 mg/dl), the HR (95% CI) for all-cause death were
1.29 (1.14-1.46) when non-HDL-C <130 mg/dl and 1.01 (0.88-
1.16), 1.01 (0.85-1.19), and 1.17 (0.95-1.44) for non-HDL-C
levels 160-189, 190-219, and >220 mg/dl, respectively (P for
trend = 0.01). Meanwhile, the HRs of cardiovascular death for
non-HDL-C levels <130, 160-189, 190-219, and >220 mg/dl
were 1.07 (0.82-1.41), 1.02 (0.76-1.36), 1.05(0.73-1.51), and 1.55
(1.03-2.34), respectively (P for trend = 0.284).

The Detection of Non-linear Relationships
The associations of non-HDL-C with all-cause (P <
0.001) and cardiovascular (P = 0.005) mortality were
non-linear and U-shaped according to restricted cubic spline
models (Figure 3).

According to two piecewise linear regression models in
Table 3, the cut-off values were 158 mg/dl for all-cause mortality
and 190 mg/dl for cardiovascular mortality. Below the cut-off
value, every 10 mg/dl increment in non-HDL-C led to lower
all-cause mortality (HR = 0.94, 95% CIL: 0.92-0.96), but not
significantly decreased cardiovascular mortality (HR = 0.98,
95% CI: 0.95-1.02). Comparatively, above the cut-oft value, for
every 10 mg/dl increment, non-HDL-C promoted both all-cause
(HR = 1.03, 95% CI: 1.01-1.05) and cardiovascular mortality
(HR = 1.09, 95% CI: 1.05-1.14).
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FIGURE 2 | Kaplan-Meier survival curve for all-cause (A) and cardiovascular (B) mortality by non-HDL-C.

TABLE 2 | Multivariate cox regression analysis of non-HDL-C with cause-specific mortality.

Event rate/ Model | Model I Model Il
1,000 person- HR (95% CI), HR (95% CI), HR (95% CI),
years p-value p-value p-value

All-cause mortality

Non-HDL-C (as continuous variables, per 10 mg/dl increment) 20.75 0.97 (0.96, 0.98) 0.98 (0.97, 0.99) 0.98 (0.97, 0.99)
<0.001 0.004 0.003

Non-HDL-C group, mg/dl

<130 24.19 1.33(1.19, 1.49) 1.31 (1.17, 1.47) 1.29 (1.14, 1.46)
<0.001 <0.001 <0.001

130-159 18.80 Reference Reference Reference

160-189 19.60 1.03 (0.90, 1.17) 1.04 (0.92, 1.19) 1.01(0.88, 1.16)
0.672 0.507 0.899

190-219 19.55 1.03 (0.88, 1.20) 1.10 (0.94, 1.29) 1.01 (0.85, 1.19)
0.749 0.249 0.925

>220 19.74 1.03 (0.84, 1.25) 1.24 (1.02, 1.51) 1.17 (0.95, 1.44)
0.784 0.034 0.135

P for trend <0.001 0.036 0.01

Cardiovascular mortality

Non-HDL-C (as continuous variables, per 10 mg/dl increment) 4.50 1.01 (0.99, 1.03) 1.08 (1.00, 1.05) 1.02 (1.00, 1.05)
0.388 0.027 0.1

Non-HDL-C group, mg/dl

<130 4.65 1.16 (0.90, 1.50) 1.12 (0.87, 1.44) 1.07 (0.82, 1.41)
0.237 0.391 0.615

130-159 4.05 Reference Reference Reference

160-189 4.50 1.10 (0.84, 1.45) 1.13(0.86, 1.48) 1.02 (0.76, 1.36)
0.479 0.398 0.913

190-219 4.57 1.12(0.80, 1.57) 1.22(0.87, 1.71) 1.05(0.73, 1.51)
0.499 0.239 0.799

>220 5.66 1.38 (0.95, 2.02) 1.75 (1.19, 2.55) 1.55(1.03, 2.34)
0.095 0.004 0.087

P for trend 0.552 0.055 0.284

HR, hazard ratio; Cl, confidence interval.

Model | adjust for none; model Il adjust for age, gender, and race; model lll adjust for age, gender, race, smoking, body mass index, systolic blood pressure, diabetes, and medicine
use (antihypertensive drugs, hypoglycemic agents, and lipid-lowering drugs).
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FIGURE 3 | Spline analyses of all-cause (A) and cardiovascular (B) mortality by non-HDL-C in the overall cohort and the probability distribution histogram is
represented in the background [spline analyses were adjusted for age, gender, race, smoking, body mass index, systolic blood pressure, diabetes, and medicine use

0 100 200 300 400
Non-HDL-C, mg/dL

TABLE 3 | The results of two piecewise linear regression model between non-HDL-C and cause-specific mortality.

All-cause mortality HR (95% CI) P-value

Cardiovascular mortality HR (95% CI) P-value

Cut-off value 158
<Cut-off value
>Cut-off value

P for log likelihood ratio test <0.001

0.94 (0.92, 0.96) <0.001
1.03 (1.01, 1.05) 0.013

190

0.98 (0.95, 1.02) 0.314

1.09 (1.05, 1.14) <0.001
0.002

HR, hazard ratio; Cl, confidence interval.

The two piecewise linear regression models were adjusted for age, gender, race, smoking, body mass index, systolic blood pressure, diabetes, and medicine use (antihypertensive

drugs, hypoglycemic agents, and lipid-lowering drugs).

Subgroups Analysis

Table 4 presents the results of subgroup analysis. As for all-
cause mortality, the non-linear relationships with statistical
significance were found among participants
aged <65 years old, males, non-white, not taking lipid-
lowering drugs, and subjects with BMI > 25 kg/m?. For
cardiovascular mortality, the non-linear relationships with
statistical significance were only found in males. When
non-HDL-C > 190 mg/dl, for every 10 mg/dl increment,
non-HDL-C elevated cardiovascular mortality risk significantly
in participants who were aged <65 years old (HR = 1.11,
95% CI: 1.07-1.15), males (HR = 1.12, 95% CIL: 1.07-1.17),
non-white (HR = 1.11, 95% CI: 1.06-1.17), not taking
lipid-lowering drugs (HR = 1.09, 95% CI: 1.04-1.14) or
taking lipid-lowering drugs (HR = 1.11, 95% CI: 1.01-1.22),
and individuals with BMI > 25 kg/m? (HR = 1.10, 95%
CI: 1.05-1.15).

who were

DISCUSSION

The results in this study presented that non-HDL-C had a U-
shaped association with all-cause and cardiovascular mortality in
hypertensive population. The lowest risk was found at threshold
values of 158 and 190 mg/dl for all-cause and cardiovascular
mortality, respectively. Relatively higher or lower non-HDL-C
concentrations linked to increased mortality.

One of our major findings is that higher non-HDL-C led to
higher mortality, which is similar to previous research findings
in general population and CVD patients (14-19). Some possible
explanations for these results were listed below. First, non-
HDL-C could represent all the atherogenic lipoproteins. These
lipoproteins could accumulate in the arterial intima, causing
the formation of atherosclerotic plaques (37). Atherosclerosis
caused by high non-HDL-C can increase morbidity and
mortality of atherosclerotic cardiovascular disease (ASCVD).
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TABLE 4 | Subgroup analysis.

N All-cause mortality HR (95% CI) P-value P for log Cardiovascular mortality HR (95% CIl) P-value P for log
likelihood likelihood ratio

Cutoff value, mmol/I <158 >158 ratio test <190 >190 test
Age
>65 4,323 0.95(0.93, 0.98) <0.001 1.00 (0.98, 1.03) 0.769 0.021 1.00 (0.96, 1.04) 0.896 1.02 (0.94, 1.11) 0.669 0.777
<65 7,846 0.93(0.89, 0.97) <0.001 1.03(1.01, 1.06) 0.018 <0.001 0.95 (0.89, 1.02) 0.164 1.11 (1.07, 1.15) <0.001 0.002
Gender
Male 5,783 0.91(0.88,0.93) <0.001 1.04 (1.01, 1.07) 0.014 <0.001 0.95 (0.91, 1.00) 0.046 1.12(1.07, 1.17) <0.001 <0.001
Female 6,386 0.97 (0.94, 1.01) 0.117  1.01(0.98, 1.04) 0.396 0.149 1.01 (0.96, 1.07) 0.63 1.03 (0.94,1.13) 0.517 0.787
Race
Non-white 6,757 0.93(0.90, 0.96) <0.001 1.04 (1.01, 1.07) 0.003 <0.001 0.97 (0.93, 1.02) 0.204 1.11 (1.06, 1.17) <0.001 0.002
White 5,412 0.95(0.92,0.98) <0.001 1.01(0.98, 1.04) 0.462 0.015 1.00 (0.95, 1.05) 0.999 1.06 (0.98, 1.15) 0.157 0.327
Lipid-lowering drugs
No 9,768 0.93(0.91, 0.96) <0.001 1.02 (1.00, 1.05) 0.034 <0.001 0.98 (0.95, 1.02) 0.397 1.09 (1.04, 1.14) <0.001 0.013
Yes 2,401 0.96 (0.91, 1.00) 0.061 1.03(0.98, 1.09) 0.25 0.086 0.99 (0.91, 1.07) 0.779 1.11(1.01, 1.22) 0.024 0.136
Body mass index, kg/m?
<25 2,422 0.92(0.88, 0.95) <0.001 1.03(0.98, 1.08) 0.227 0.002 0.98 (0.93, 1.05) 0.6 1.07 (0.93, 1.23) 0.323 0.346
>25 9,491 0.95(0.92, 0.98) <0.001 1.03(1.00, 1.05) 0.023 <0.001 0.99 (0.95, 1.03) 0.699 1.10 (1.05, 1.15) <0.001 0.009

When analyzing a subgroup variable, age, gender, race, smoking, body mass index, systolic blood pressure, diabetes, and medicine use (antihypertensive drugs, hypoglycemic agents,

and lipid-lowering drugs) were all adjusted except the variable itself.

Therefore, non-HDL-C is widely advocated for cardiovascular
risk stratification (13). Second, the mutations of some genes
like LDLR, apoB, and PCSK9 can lead to hypercholesterolemia.
Patients with hypercholesterolemia have increased non-HDL-C
and are more prone to suffer from ASCVD and cardiovascular
death (38). The 2013 ACC/AHA guidelines suggested that non-
HDL-C > 220 mg/dl could possibly imply hereditary genetic
hypercholesterolemia, requiring additional clinical examinations
(39). Third, our study was conducted in patients with
hypertension, who have relatively higher non-HDL-C levels
than the healthy population (31). Previous studies revealed that
hypertension is related to dyslipidemia and may promote each
other. Bonaa et al. evaluated the cross-sectional relationships
between lipid levels and blood pressure and found a positive
association (2). In the prospective study of Otsuka et al,
14,215 men without hypertension (aged 38 £ 9 years) were
enrolled, and 1,483 subjects developed hypertension during
4 years. After adjusting for confounding factors, they also
found that subjects having higher non-HDL-C, LDL-C, and TC
suffered greater hypertension risk, while HDL-C was U-shaped
associated with hypertension risk (40). The cross-sectional study
of Lautsch et al. revealed the link of elevated non-HDL-C
with raised blood pressure in hypertensive patients (30). The
meta-analysis by Strazzullo et al. explored how statin treatment
affects blood pressure, and the results showed that the blood
pressure of patients taking statins was lower than those taking
placebo and statins had a greater effect on higher baseline
blood pressure (41). It indicated that lipid-lowering therapy
may promote the control of blood pressure. From another
perspective, there is a positive correlation between non-HDL-C
and arterial stiffness in hypertensive patients according to the
studies of Zhan et al. and Wen et al. (28, 29). Several mechanisms
could explicate. For example, hypercholesterolemia can stimulate
the renin-angiotensin-aldosterone system, increasing levels and

activity of Ang I, Ang II, and endothelin-1, which may lead to the
elevation of blood pressure (42). Besides, hypercholesterolemia
and hypertension can affect endothelial cells through a common
signaling pathway, leading to endothelial dysfunction (43). In
brief, elevated non-HDL-C could be a factor causing poor blood
pressure control and damaged vascular function in hypertensive
population, resulting in poor prognosis and higher mortality.
We also observed that lower non-HDL-C linked to higher
mortality risk in hypertensive population. Consistent with our
results, Chiu et al. also found the U-shaped association in chronic
kidney disease patients; the lowest mortality risk was observed
at non-HDL-C levels of 116.2-143.9 mg/dl, and non-HDL-C
<116.2 mg/dl appeared with higher mortality (27). Non-HDL-
C was inversely associated with mortality among hemodialysis
patients in the analysis of Chang et al. (24). They classified the
study population by non-HDL-C levels (<60, 60-85, 85-100,
100-115, 115-130, 130-145, 145-160, and >160 mg/dl), which
were relatively lower than other relevant studies. Bathum et al.
and Tuikkala et al. found an inverse association of cholesterol
with mortality in their studies of the elderly (25, 26). The studies
above have mentioned a poorer health status in patients with
lower cholesterol levels. Though we have excluded patients with
cancer, there could be other non-cardiovascular comorbidities or
variables that indicated poor health that we have not adjusted for.
Thus, low non-HDL-C levels still could represent the frailty in
our study population; malnutrition and inflammation that lead
to further aggravation in debilitated patients may explain such
inverse association (44). In addition, below the threshold value,
we found the increase of all-cause mortality more significant
than that of cardiovascular mortality with the decrease of non-
HDL-C, which could be ascribed to higher non-cardiovascular
deaths in those feeble patients (45). Comparatively, higher
non-HDL-C resulted in higher cardiovascular mortality, but
lower non-cardiovascular mortality (46), which might explain
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the greater propensity of developing cardiovascular deaths
than all-cause deaths above the threshold value we observed.
Furthermore, according to the calculation formula, relatively low
non-HDL-C levels could represent lower TC or higher HDL-C.
Our previous studies found extremely high HDL-C increasing
mortality in general or hypertensive population by analyzing the
data from NHANES (47, 48). Other relevant studies also showed
similar results (49, 50). This finding might be resulted from the
genetic variation of particular genes (51) and variation of the size
or function of HDL particles (52).

Paradoxically, some studies found out that non-HDL-C was
not associated with mortality (20, 21). The reason for such
contradiction may be due to different adjusted confounding
factors or various enrolled populations in these studies. In the
present study, the subgroup analysis showed the non-linear
relationships with statistical significance only among certain
subgroups. It was indicated that different classifications of
subgroups would affect the results, especially the stratification
according to age and gender. Non-HDL-C levels in the subgroup
<65 years old showed a stronger correlation with mortality than
the subgroup >65 years old, and the non-linear relationship is
more significant in men than in women. In line with our findings,
a large multinational risk-evaluation study found subjects under
45 years old have higher long-term risk of CVD in association
with non-HDL-C, and men suffered from about 13% greater
probability of experiencing CVD events than women in the
same range of non-HDL-C levels (10). Such divergences may
be given to the shorter lifespan in elderly (10), estrogen-
induced cholesterol reduction, and prevention of blood vessels
in premenopausal women (53). The elderly may reach the
mortality endpoints due to the age itself, while the women
were less likely to suffer from the cholesterol-related deaths.
Our subgroup analysis indicated that non-HDL-C may predict
mortality better in men and young or middle-aged people, which
suggested that lipid-lowering is of especial value in preventing
cardiovascular risk and mortality in hypertensive patients of
these categories.

Study Strength and Limitations

Our study was linked to a national representative database with
reasonable design and techniques, which may provide reference
for blood lipid assessment and mortality risk evaluation in
hypertensive population. However, some limitations of this study
should be considered. First, some variables included in this
study like smoking status and current medication treatment were

subjective from participants, which may cause recall bias. Second,

REFERENCES

1. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier
M, et al. 2018 ESC/ESH Guidelines for the management of arterial
hypertension. Eur Heart ]. (2018) 39:3021-104. doi: 10.1093/eurheartj/
ehy339

2. Bonaa KH, Thelle DS. Association between blood pressure and serum
lipids in a population. The Tromso Study. Circulation. (1991) 83:1305-
14. doi: 10.1161/01.CIR.83.4.1305

the blood lipid levels were only measured once, which may
be inaccurate, because the lipid levels may change during the
follow-up time. An analysis using NHANES data showed that
for 4,226 individuals with complete blood lipid data, non-HDL-C
fell by 21% after 17 years (54). Third, findings in this study are
applicable to the population in North America and probably not
applicable to the population in other regions.

CONCLUSION

In this study, non-HDL-C was U-shaped associated with
mortality among patients with hypertension. Further studies are
needed to confirm our findings so as to verify the values of using
non-HDL-C for risk stratification in hypertensive population.

DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This data
can be found here: https://www.cdc.gov/nchs/nhanes/index.htm.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by The Centers for Disease Control and Prevention.
The patients/participants provided their written informed
consent to participate in this study. Written informed consent
was obtained from the individual(s) for the publication of any
potentially identifiable images or data included in this article.

AUTHOR CONTRIBUTIONS

Y-qH, X-cL, and QC formed the study concept and interpreted
the data. X-cL analyzed the data. C-1C, Y-qF, and J-yC supervised
this study. QC composed and revised the manuscript. All authors
made contributions to this work and agreed the final edition.

FUNDING

This work was supported by the Science and Technology Plan
Program of Guangzhou (No. 201803040012), the Key Area R&D
Program of Guangdong Province (No. 2019B020227005), the
Guangdong Provincial People’s Hospital Clinical Research Fund
(Y012018085), the Fundamental and Applied Basic Research
Foundation Project of Guangdong Province (2020A1515010738),
and the Climbing Plan of Guangdong Provincial People’s
Hospital (DFJH2020022).

3. Ivanovic B, Tadic M. Hypercholesterolemia
two sides of the same coin. Am | Cardiovasc
15:403-14. doi: 10.1007/s40256-015-0128-1

4. Gupta A, Mackay J, Whitehouse A, Godec T, Collier T, Pocock
S, et al. Long-term mortality after blood pressure-lowering and
lipid-lowering treatment in patients with hypertension in the Anglo-
Scandinavian Cardiac Outcomes Trial (ASCOT) Legacy study: 16-year
follow-up results of a randomised factorial trial. Lancet. (2018)
392:1127-37. doi: 10.1016/S0140-6736(18)31776-8

and  hypertension:
Drugs. (2015)

Frontiers in Cardiovascular Medicine | www.frontiersin.org

July 2021 | Volume 8 | Article 707701


https://www.cdc.gov/nchs/nhanes/index.htm
https://doi.org/10.1093/eurheartj/ehy339
https://doi.org/10.1161/01.CIR.83.4.1305
https://doi.org/10.1007/s40256-015-0128-1
https://doi.org/10.1016/S0140-6736(18)31776-8
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Cheng et al.

Non-High-Density Lipoprotein Cholesterol With Mortality

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Whelton

. Carr SS,

PK, Carey RM, Aronow WS, Casey
Jr, Collins KJ, Dennison Himmelfarb C, et al
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA
guideline for the prevention, detection, evaluation, and management

DE,
2017

of high blood pressure in adults: a report of the American
College of Cardiology/American Heart Association Task Force
on Clinical Practice Guidelines. Circulation. (2018)  138:e484-

594. doi: 10.1161/CIR.0000000000000596

. Expert Panel on Detection E, Treatment of High Blood Cholesterol in A.

Executive summary of the third report of the national cholesterol education
program (NCEP) expert panel on detection, evaluation, and treatment of
high blood cholesterol in adults (adult treatment panel III). JAMA. (2001)
285:2486-97. doi: 10.1001/jama.285.19.2486

Hooper AJ, Sullivan DR, Burnett JR. Non-HDL-
cholesterol and apolipoprotein B compared with LDL-cholesterol in
atherosclerotic cardiovascular disease risk assessment. Pathology. (2019)
51:148-54. doi: 10.1016/j.pathol.2018.11.006

. Nordestgaard BG, Langsted A, Mora S, Kolovou G, Baum H, Bruckert E, et al.

Fasting is not routinely required for determination of a lipid profile: clinical
and laboratory implications including flagging at desirable concentration
cutpoints-a joint consensus statement from the European Atherosclerosis
Society and European Federation of Clinical Chemistry and Laboratory
Medicine. Clin Chem. (2016) 62:930-46. doi: 10.1373/clinchem.2016.258897

. Boekholdt SM, Arsenault BJ, Mora S, Pedersen TR, LaRosa JC, Nestel PJ, et al.

Association of LDL cholesterol, non-HDL cholesterol, and apolipoprotein B
levels with risk of cardiovascular events among patients treated with statins: a
meta-analysis. JAMA. (2012) 307:1302-9. doi: 10.1001/jama.2012.481
Brunner FJ, Waldeyer C, Ojeda F, Salomaa V, Kee F, Sans S, et al. Application of
non-HDL cholesterol for population-based cardiovascular risk stratification:
results from the Multinational Cardiovascular Risk Consortium. Lancet.
(2019) 394:2173-83. doi: 10.1016/S0140-6736(19)32519-X

Levinson SS. Non-high-density lipoprotein cholesterol and guidelines
for cholesterol lowering in recent history. Lab Med. (2020) 51:14-
23. doi: 10.1093/labmed/Imz032

Verbeek R, Hovingh GK, Boekholdt SM. Non-high-density lipoprotein
cholesterol: current status as cardiovascular marker. Curr Opin Lipidol. (2015)
26:502-10. doi: 10.1097/MOL.0000000000000237

Authors/Task Force M, Guidelines ESCCP, Societies ESCNC. 2019 ESC/EAS
guidelines for the management of dyslipidaemias: lipid modification
to reduce cardiovascular risk. Atherosclerosis. (2019) 290:140-205.
doi: 10.1016/j.atherosclerosis.2019.08.014

Duncan MS, Vasan RS, Xanthakis V. Trajectories of blood lipid concentrations
over the adult life course and risk of cardiovascular disease and all-cause
mortality: observations from the framingham study over 35 years. ] Am Heart
Assoc. (2019) 8:e011433. doi: 10.1161/JAHA.118.011433

Harari G, Green MS, Magid A, Zelber-Sagi S. Usefulness of non-high-
density lipoprotein cholesterol as a predictor of cardiovascular disease
mortality in men in 22-year follow-up. Am ] Cardiol. (2017) 119:1193-
8. doi: 10.1016/j.amjcard.2017.01.008

Ito T, Arima H, Fujiyoshi A, Miura K, Takashima N, Ohkubo T, et al.
Relationship between non-high-density lipoprotein cholesterol and the long-
term mortality of cardiovascular diseases: NIPPON DATA 90. Int ] Cardiol.
(2016) 220:262-7. doi: 10.1016/j.ijcard.2016.06.021

Liao P, Zeng R, Zhao X, Guo L, Zhang M. Prognostic value of non-high-
density lipoprotein cholesterol for mortality in patients with coronary heart
disease: a systematic review and meta-analysis. Int ] Cardiol. (2017) 227:950-
5. doi: 10.1016/j.ijcard.2016.10.106

Mahajan N, Ference BA, Arora N, Madhavan R, Bhattacharya P, Sudhakar
R, et al. Role of non-high-density lipoprotein cholesterol in predicting
cerebrovascular events in patients following myocardial infarction. Am J
Cardiol. (2012) 109:1694-9. doi: 10.1016/j.amjcard.2012.02.010

Fukushima Y, Ohmura H, Mokuno H, Kajimoto K, Kasai T, Hirayama S, et al.
Non-high-density lipoprotein cholesterol is a practical predictor of long-term
cardiac death after coronary artery bypass grafting. Atherosclerosis. (2012)
221:206-11. doi: 10.1016/j.atherosclerosis.2011.12.012

Bruno G, Merletti F, Biggeri A, Bargero G, Prina-Cerai S, Pagano G, et al. Effect
of age on the association of non-high-density-lipoprotein cholesterol and
apolipoprotein B with cardiovascular mortality in a Mediterranean population

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

with type 2 diabetes: the Casale Monferrato study. Diabetologia. (2006)
49:937-44. doi: 10.1007/s00125-006-0195-6

Menotti A, Mulder I, Nissinen A, Feskens E, Giampaoli S, Tervahauta M,
et al. Cardiovascular risk factors and 10-year all-cause mortality in elderly
European male populations; the FINE study. Finland, Italy, Netherlands,
Elderly. Eur Heart J. (2001) 22:573-9. doi: 10.1053/euh;j.2000.2402

Echida Y, Ogawa T, Otsuka K, Ando Y, Nitta K. Serum non-high-
density lipoprotein cholesterol (non-HDL-C) levels and cardiovascular
mortality in chronic hemodialysis patients. Clin Exp Nephrol. (2012) 16:767-
72. doi: 10.1007/s10157-012-0615-5

Nishizawa Y, Shoji T, Kakiya R, Tsujimoto Y, Tabata T, Ishimura E, et al.
Non-high-density lipoprotein cholesterol (non-HDL-C) as a predictor of
cardiovascular mortality in patients with end-stage renal disease. Kidney Int
Suppl. (2003) 84:5117-20. doi: 10.1046/j.1523-1755.63.584.30.x

Chang TI, Streja E, Ko GJ, Naderi N, Rhee CM, Kovesdy CP, et al. Inverse
association between serum non-high-density lipoprotein cholesterol levels
and mortality in patients undergoing incident hemodialysis. ] Am Heart Assoc.
(2018) 7:009096. doi: 10.1161/JAHA.118.009096

Bathum L, Depont Christensen R, Engers Pedersen L, Lyngsie Pedersen
P, Larsen J, Nexoe J. Association of lipoprotein levels with mortality in
subjects aged 50 + without previous diabetes or cardiovascular disease: a
population-based register study. Scand J Prim Health Care. (2013) 31:172-
80. doi: 10.3109/02813432.2013.824157

Tuikkala P, Hartikainen S, Korhonen MJ, Lavikainen P, Kettunen R, Sulkava R,
et al. Serum total cholesterol levels and all-cause mortality in a home-dwelling
elderly population: a six-year follow-up. Scand ] Prim Health Care. (2010)
28:121-7. doi: 10.3109/02813432.2010.487371

Chiu H, Wu PY, Huang JC, Tu HP, Lin MY, Chen SC, et al. There is a U shaped
association between non high density lipoprotein cholesterol with overall and
cardiovascular mortality in chronic kidney disease stage 3-5. Sci Rep. (2020)
10:12749. doi: 10.1038/s41598-020-69794-2

Zhan B, Huang X, Wang J, Qin X, Zhang ], Cao J, et al. Association
between lipid profiles and arterial stiffness in chinese patients
with  hypertension: insights from the CSPPT. Angiology. (2019)
70:515-22. doi: 10.1177/0003319718823341

Wen J, Huang Y, Lu Y, Yuan H. Associations of non-high-density
lipoprotein cholesterol, triglycerides and the total cholesterol/HDL-
¢ ratio with arterial stiffness independent of low-density lipoprotein
cholesterol in a  Chinese population. Hypertens Res. (2019)
42:1223-30. doi: 10.1038/s41440-019-0251-5

Lautsch D, Saely CH, Traindl O, Eber B, Pfeiffer KP, Derxel H. Is there a
link between non-HDL cholesterol and blood pressure? An age and gender
directed analysis of 7500 hypertensive outpatients. ] Kardiol. (2012) 19:11-6.
Available online at: https://www.kup.at/kup/pdf/10418.pdf

Contreras F, Lares M, Castro J, Velasco M, Rojas J, Guerra X, et al.
Determination of non-HDL cholesterol in diabetic and hypertensive
patients. Am ] Ther. (2010) 17:337-40. doi: 10.1097/MJT.0b013e3181c
1233c¢

Doran B, Guo Y, Xu J, Weintraub H, Mora S, Maron DJ, et al
Prognostic value of fasting versus nonfasting low-density lipoprotein
cholesterol levels on long-term mortality: insight from the National Health
and Nutrition Examination Survey III (NHANES-III). Circulation. (2014)
130:546-53. doi: 10.1161/CIRCULATIONAHA.114.010001

Bucholz EM, Rodday AM, Kolor K, Khoury M]J, de Ferranti SD.
Prevalence and predictors of cholesterol screening, awareness, and statin
treatment among US adults with familial hypercholesterolemia or other
forms of severe dyslipidemia (1999-2014). Circulation. (2018) 137:2218-
30. doi: 10.1161/CIRCULATIONAHA.117.032321

Friedewald WT, Levy RI, Fredrickson DS. Estimation of the
concentration of low-density lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifuge. Clin Chem. (1972)
18:499-502. doi: 10.1093/clinchem/18.6.499

American Diabetes A. 2. Classification and diagnosis of diabetes: standards
of medical care in diabetes-2020. Diabetes Care. (2020) 43(Suppl. 1):S14-
31. doi: 10.2337/dc20-S002

Joint Committee for Guideline Revision. 2016 Chinese guidelines for the
management of dyslipidemia in adults. J Geriatr Cardiol. (2018) 15:1-29.
doi: 10.11909/j.issn.1671-5411.2018.01.011

Frontiers in Cardiovascular Medicine | www.frontiersin.org

July 2021 | Volume 8 | Article 707701


https://doi.org/10.1161/CIR.0000000000000596
https://doi.org/10.1001/jama.285.19.2486
https://doi.org/10.1016/j.pathol.2018.11.006
https://doi.org/10.1373/clinchem.2016.258897
https://doi.org/10.1001/jama.2012.481
https://doi.org/10.1016/S0140-6736(19)32519-X
https://doi.org/10.1093/labmed/lmz032
https://doi.org/10.1097/MOL.0000000000000237
https://doi.org/10.1016/j.atherosclerosis.2019.08.014
https://doi.org/10.1161/JAHA.118.011433
https://doi.org/10.1016/j.amjcard.2017.01.008
https://doi.org/10.1016/j.ijcard.2016.06.021
https://doi.org/10.1016/j.ijcard.2016.10.106
https://doi.org/10.1016/j.amjcard.2012.02.010
https://doi.org/10.1016/j.atherosclerosis.2011.12.012
https://doi.org/10.1007/s00125-006-0195-6
https://doi.org/10.1053/euhj.2000.2402
https://doi.org/10.1007/s10157-012-0615-5
https://doi.org/10.1046/j.1523-1755.63.s84.30.x
https://doi.org/10.1161/JAHA.118.009096
https://doi.org/10.3109/02813432.2013.824157
https://doi.org/10.3109/02813432.2010.487371
https://doi.org/10.1038/s41598-020-69794-2
https://doi.org/10.1177/0003319718823341
https://doi.org/10.1038/s41440-019-0251-5
https://www.kup.at/kup/pdf/10418.pdf
https://doi.org/10.1097/MJT.0b013e3181c1233c
https://doi.org/10.1161/CIRCULATIONAHA.114.010001
https://doi.org/10.1161/CIRCULATIONAHA.117.032321
https://doi.org/10.1093/clinchem/18.6.499
https://doi.org/10.2337/dc20-S002
https://doi.org/10.11909/j.issn.1671-5411.2018.01.011
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Cheng et al.

Non-High-Density Lipoprotein Cholesterol With Mortality

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Tabas I, Williams KJ, Boren J. Subendothelial lipoprotein
retention as the initiating process in atherosclerosis: update
and  therapeutic  implications.  Circulation. ~ (2007)  116:1832-

44. doi: 10.1161/CIRCULATIONAHA.106.676890

Defesche JC, Gidding SS, Harada-Shiba M, Hegele RA, Santos RD,
Wierzbicki AS. Familial hypercholesterolaemia. Nat Rev Dis Primers. (2017)
3:17093. doi: 10.1038/nrdp.2017.93

Stone NJ, Robinson ]G, Lichtenstein AH, Bairey Merz CN, Blum CB,
Eckel RH, et al. 2013 ACC/AHA guideline on the treatment of blood
cholesterol to reduce atherosclerotic cardiovascular risk in adults: a
report of the American College of Cardiology/American Heart Association
Task Force on Practice Guidelines. Circulation. (2014) 129(Suppl. 2):S1-
45. doi: 10.1161/01.¢ir.0000437738.63853.7a

Otsuka T, Takada H, Nishiyama Y, Kodani E, Saiki Y, Kato
K, et al. Dyslipidemia and the risk of developing hypertension
in a working-age male population. ] Am Heart Assoc. (2016)
5:¢003053. doi: 10.1161/JAHA.115.003053

Strazzullo P, Kerry SM, Barbato A, Versiro M, DElia L,
Cappuccio FP. Do statins reduce blood pressure? A meta-
analysis of randomized, controlled trials. Hypertension. (2007)

49:792-8. doi: 10.1161/01.HYP.0000259737.43916.42

Sposito A. Emerging insights into hypertension and dyslipidaemia synergies.
Eur Heart ] Suppl. (2004) 6:G8-12. doi: 10.1016/j.ehjsup.2004.10.003

Kurtel H, Rodrigues SE Yilmaz CE, Yildirim A, Granger DN.
Impaired vasomotor function induced by the combination of
hypertension and hypercholesterolemia. | Am Soc Hypertens. (2013)
7:14-23. doi: 10.1016/j.jash.2012.11.005

Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray CJL.
Global and regional burden of disease and risk factors, 2001:
systematic  analysis of population health data. Lancet. (2006)

367:1747-57. doi: 10.1016/50140-6736(06)68770-9

Newson RS, Felix JE Heeringa J, Hofman A, Witteman
JC, Tiemeier H. Association between cholesterol  and
noncardiovascular mortality in older age. ] Am Geriatr Soc. (2011)
59:1779-85. doi: 10.1111/j.1532-5415.2011.03593.x

Ghasemzadeh Z, Abdi H, Asgari S, Tohidi M, Khalili D, Valizadeh M, et al.
Divergent pathway of lipid profile components for cardiovascular disease
and mortality events: Results of over a decade follow-up among Iranian
population. Nutr Metab (Lond). (2016) 13:43. doi: 10.1186/s12986-016-0102-1

serum

48.

49.

50.

51.

52.

53.

54.

cause-specific mortality in adult population. Clin Interv Aging. (2020)
15:1883-96. doi: 10.2147/CIA.S271528

Chen CL, Liu XC, Liu L, Lo K, Yu YL, Huang JY, et al. U-shaped association
of high-density lipoprotein cholesterol with all-cause and cardiovascular
mortality in hypertensive population. Risk Manag Healthc Policy. (2020)
13:2013-25. doi: 10.2147/RMHP.S272624

Bowe B, Xie Y, Xian H, Balasubramanian S, Zayed MA, Al-Aly Z. High
density lipoprotein cholesterol and the risk of all-cause mortality among U.S.
veterans. Clin ] Am Soc Nephrol. (2016) 11:1784-93. doi: 10.2215/CJN.007
30116

Li X, Guan B, Wang Y, Tse G, Zou E Khalid BW, et al. Association
between high-density lipoprotein cholesterol and all-cause mortality
in the general population of northern China. Sci Rep. (2019)
9:14426. doi: 10.1038/s41598-019-50924-4

Madsen CM, Varbo A, Nordestgaard BG. Extreme high high-density
lipoprotein cholesterol is paradoxically associated with high mortality in men
and women: two prospective cohort studies. Eur Heart J. (2017) 38:2478-86.
doi: 10.1093/eurheartj/ehx163

Ganjali S, Blesso CN, Banach M, Pirro M, Majeed M, Sahebkar A.
Effects of curcumin on HDL functionality. Pharmacol Res. (2017) 119:208-
18. doi: 10.1016/j.phrs.2017.02.008

Koh KK, Cardillo C, Bui MN, Hathaway L, Csako G, Waclawiw MA,
et al. Vascular effects of estrogen and cholesterol-lowering therapies in
hypercholesterolemic postmenopausal women. Circulation. (1999) 99:354-
60. doi: 10.1161/01.CIR.99.3.354

Vega GL, Grundy SM. Current trends in non-HDL cholesterol and
LDL cholesterol levels
disease. ] Clin Lipidol.
05.012

in adults with atherosclerotic cardiovascular
(2019) 13:563-7. doi: 10.1016/j.jacl.2019.

Conlflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Cheng, Liu, Chen, Huang, Feng and Chen. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.

47. Huang YQ, Liu XC, Lo K, Liu L, Yu YL, Chen CL, et al. The U shaped No use, distribution or reproduction is permitted which does not comply with these
relationship between high-density lipoprotein cholesterol and all-cause or terms.
Frontiers in Cardiovascular Medicine | www.frontiersin.org 10 July 2021 | Volume 8 | Article 707701


https://doi.org/10.1161/CIRCULATIONAHA.106.676890
https://doi.org/10.1038/nrdp.2017.93
https://doi.org/10.1161/01.cir.0000437738.63853.7a
https://doi.org/10.1161/JAHA.115.003053
https://doi.org/10.1161/01.HYP.0000259737.43916.42
https://doi.org/10.1016/j.ehjsup.2004.10.003
https://doi.org/10.1016/j.jash.2012.11.005
https://doi.org/10.1016/S0140-6736(06)68770-9
https://doi.org/10.1111/j.1532-5415.2011.03593.x
https://doi.org/10.1186/s12986-016-0102-1
https://doi.org/10.2147/CIA.S271528
https://doi.org/10.2147/RMHP.S272624
https://doi.org/10.2215/CJN.00730116
https://doi.org/10.1038/s41598-019-50924-4
https://doi.org/10.1093/eurheartj/ehx163
https://doi.org/10.1016/j.phrs.2017.02.008
https://doi.org/10.1161/01.CIR.99.3.354
https://doi.org/10.1016/j.jacl.2019.05.012
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	The U-Shaped Association of Non-High-Density Lipoprotein Cholesterol Levels With All-Cause and Cardiovascular Mortality Among Patients With Hypertension
	Introduction
	Methods
	Study Design and Population
	Exposure
	Covariates
	Outcomes
	Statistical Analysis

	Results
	Baseline Characteristics
	The Relationships of Non-HDL-C With Mortality
	The Detection of Non-linear Relationships
	Subgroups Analysis

	Discussion
	Study Strength and Limitations

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


