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Purpose: The associations of high-density lipoprotein cholesterol (HDL-C) with mortality 
are still unclear. We explored the associations of HDL-C with all-cause and cause-specific 
mortality in an adult population.
Methods: Deaths were classified into all-cause, cardiovascular, and cancer mortality. 
Survival curve, multivariate Cox regression, and subgroup analyses were conducted, and 
hazard ratio (HR) and 95% confidence interval (CI) were performed. We fitted Cox regres
sion models for all-cause, cardiovascular, and cancer mortality to evaluate their associations 
with categories of HDL-C (≤30, 31–40, 41–50, 51–60 [reference], 61–70, >70 mg/dL).
Results: A total of 42,145 (20,415 (48.44%) males, mean age 47.12±19.40 years) subjects 
were enrolled. At an average follow-up of 97.52±54.03 months, all-cause, cardiovascular, 
and cancer mortality numbers were 5,061 (12.01), 1,081 (2.56%), and 1,061 (2.52%), 
respectively. When compared with the reference group (HDL-C: 51–60 mg/dL), a 
U-shaped association was apparent for all-cause mortality, with elevated risk in participants 
with the lowest (≤30 mg/dL) (HR=1.33; 95% CI=1.14– 1.56) and highest (>70 mg/dL) 
(HR=1.14; 95% CI=1.02–1.27) HDL-C concentration. Associations for cardiovascular and 
cancer mortality were non-linear. An elevated risk for cancer mortality was observed in those 
with the highest HDL-C concentration (HR=1.06; 95% CI–0.84–1.34) compared with the 
reference group, although it was not statistically significant. The effect of HDL-C on 
mortality was adjusted by some traditional risk factors including age, gender, race, or 
comorbidities.
Conclusion: A U-shaped association was observed between HDL-C and all-cause mortality 
among an adult population.
Keywords: high-density lipoprotein cholesterol, mortality, all-cause mortality, cause-specific 
mortality

Introduction
For the past several decades, it was generally believed that high-density lipoprotein 
cholesterol (HDL-C) was a blood lipid component that was beneficial to human 
health due to its protective role in the development of atherosclerosis.1 Numerous 
clinical and epidemiological studies also indicated that HDL-C played an important 
protective role in the occurrence of cardiovascular disease (CVD) or mortality 
across a wide range of concentrations.2–5 In the post hoc analysis of Treating to 
New Targets (TNT) study revealed that HDL-C levels were predictive of major 
cardiovascular events in patients treated with statins.6 However, recently some 
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studies have suggested that HDL-C levels may not be 
predictive of CVD outcomes and has even paradoxically 
been associated with increased mortality in some subjects. 
The CANHEART study found that individuals with higher 
HDL-C levels had increased hazard of non-CVD 
mortality.7 A cohort study from China demonstrated that 
there was a U-shaped relationship between HDL-C levels 
and all-cause mortality, suggesting very high HDL-C 
levels may not represent a good prognosis.8 Considering 
the relationship between HDL-C and death is still unclear. 
Therefore, the aim of the present study was to evaluate the 
association of HDL-C levels with risk of all-cause and 
cause-specific (including cardiovascular and cancer) mor
tality in a large cohort study.

Methods
Study Design and Population
All the participants were the 1999–2014 National Health 
and Nutrition Examination Surveys (NHANES). The 
NHANES was a nationally representative survey of the 
civilian, non-institutionalized United States population 
conducted by the National Center for Health Statistics of 
the Center for Disease Control and Prevention. In this 
study, subjects with age ≥18 years old with HDL-C mea
surement were enrolled. However, participants who were 
aged<18 years old, missing data on follow-up, missing 
HDL-C, and people with abnormal HDL-C (649 mg/dL) 
at baseline were excluded. After applying the exclusion 
criteria, a total of 42,145 participants were included for 
analysis (Figure 1). The survey protocol was approved by 
the Institutional Review Board of the Centers for Disease 
Control and Prevention. All participants have provided 
written informed consent.

Data Collection
The questionnaires and examinations in NHANES were 
performed on a standardized procedure and protocol. 
Baseline data mainly included socio-demographic infor
mation (such as age, gender, race, education level), life
style and behaviors (such as smoking status), 
comorbidities (such as hypertension, diabetes, CVD, and 
cancer), and current medication (such as hypoglycemic, 
antihypertensive and lipid-lowering drugs). Physical 
examination included height, weight, systolic blood pres
sure (SBP), and diastolic blood pressure (DBP). Body 
mass index (BMI) was defined as mass (kilograms) 
divided by the square of height (meters squared). 
Estimated glomerular filtration rate (eGFR) was calculated 
using Modification of Diet in Renal Disease formula. 
Hypertension was defined as having a history of hyperten
sion, or SBP/DPB ≥140/90 mmHg, or using antihyperten
sive medications.9 Diabetes was defined as having a 
history of diabetes, or taking hypoglycemic medications 
currently, or fasting blood glucose level ≥7.0 mmol/L (126 
mg/dL), or hemoglobin A1c (HbA1C) level ≥6.5%.10

Lipids Measurement
Sample collection and lipid measurement were based on a 
standardized protocol according to Centers for Disease 
Control and Prevention criteria. Blood samples were 
obtained from morning peripheral blood after fasting for 
at least 8 hours and shipped on dry ice to the laboratory 
analyzing the sample. Serum total cholesterol (TC) and 
triglycerides (TG) were measured enzymatically; HDL-C 
was measured by direct immunoassay or by precipitation.11 

Serum HDL-C, TG, and TC levels were measured enzyma
tically at Johns Hopkins University Lipoprotein Analytic 
Laboratory with the use of a Hitachi 704 Analyzer 

Figure 1 Research flow chart.
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(Boehringer Mannheim Diagnostics, Indianapolis, IN).12 

Low density lipoprotein cholesterol (LDL-C) was derived 
with the use of the Friedewald formula [LDL-C=TC−HDL- 
C–(TG/5)] if TG level was ≤400 mg/dL.13

Outcome Assessment
All-cause, cardiovascular, and cancer mortality were the 
outcomes of the present study. Mortality status was 
obtained from a publicly available dataset of the 
NHANES, which captured the vital status and cause of 
death of survey participants from baseline to December 
31, 2015. For all-cause mortality, we included mortality 
from all causes. Cardiovascular mortality was defined by 
International Classification of Diseases, 10th Edition, 
Clinical Modification System codes (ICD-10) (I00-I09, 
I11, I13, and I20-I51) derived from death-certificate data. 
For cancer, mortality mainly included mortality from 
malignant neoplasms which were coded from C00–C97 
in the ICD-10.

Statistical Analyses
Baseline continuous variables are presented as mean±stan
dard deviation and categorical variables as a percentage 
where appropriate. Subgroup differences were analyzed by 
one-way ANOVA, Kruscal–Wallis H-test, chi-square, or 
Fisher tests. HDL-C were grouped into ≤30, 31–40, 
41–50, 51–60, 61–70, and >70 mg/dL, and the HDL-C 
concentration was 51–60 mg/dL as the reference group. 
Survival analysis was performed using standardized 
Kaplan–Meier curves and Log rank test. Multivariate 
Cox proportional hazards regression models were used to 
estimate hazard ratios (HRs) and 95% confidence interval 
(CI) for all-cause, cardiovascular, and cancer mortality. 
Confounding variables including age, gender, race, educa
tion level, smoking, BMI, SBP, eGFR, energy intake, TC, 
comorbidities (hypertension, diabetes, CVD, and cancer), 
and medicine using (antihypertensive drugs, hypoglycemic 
agents, lipid-lowering drugs, and antiplatelet drugs). The 
shape of association between HDL-C levels and all-cause 
and cause-specific mortality was examined by multivariate 
adjusted Cox restricted cubic spline regression models, 
and used a generalized additive model to explore the non
linear relationship between HDL-C and mortality. 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. 
Subgroup analysis including age (<65 or ≥65 years), gen
der (male or female), race (White or non-White), BMI 

(<25 or ≥25 kg/m2), diabetes (yes or no), hypertension 
(yes or no), CVD (yes or no), and taking lipid-lowering 
drugs (yes or no), and analyzed their interactions between 
HDL-C levels with all-cause and cause-specific mortality. 
All statistical analyses were performed using R version 
3.3.2 (R Foundation for Statistical Computing, Vienna, 
Austria), and P<0.05 was considered as statistically 
significant.

Results
Baseline Characteristics
The baseline characteristics of all the participants accord
ing to HDL-C levels are summarized in Table 1. A total of 
42,145 (20,415 (48.44%) male) participants with an aver
age age of 47.12±19.40 years were enrolled. There were 
significant differences in age, gender, race, education 
level, smoking, BMI, SBP, DBP, TC, TG, LDL-C, eGFR, 
dietary energy, baseline CVD, diabetes, hypertension and 
cancer history, the use of statin, lipid-lowering, antihyper
tensive, antiplatelet and hypoglycemic drugs among 
groups according to HDL-C concentrations (all P<0.05).

Incidence of Cause-Specific and All-Cause 
Mortality
The incidence rate of all-cause and cause-specific mortal
ity among HDL-C groups is shown in Table 1. During an 
average follow-up of 97.52±54.03 months, there were 
5,061 (12.01%) cases of all-cause, 1,081 (2.56%) cases 
of cardiovascular, and 1,061 (2.52%) cases of cancer mor
tality. There were significant differences in all-cause, car
diovascular and cancer mortality among HDL-C groups. 
The cumulative survival probability of all-cause 
(Figure 2A), cardiovascular (Figure 2B), and cancer 
(Figure 2C) mortality among participants as stratified by 
HDL-C levels was demonstrated in Figure 2.

HDL-C and All-Cause or Cause-Specific 
Mortality
As shown in Figure 3, when compared with the reference 
group (HDL-C: 51–60 mg/dL), after age, gender, race, 
education level, smoking, BMI, SBP, eGFR, energy intake, 
TC, comorbidities (hypertension, diabetes, CVD, and can
cer), and medicine using (antihypertensive drugs, hypogly
cemic agents, lipid-lowering drugs, and antiplatelet drugs) 
were adjusted, the multivariable adjusted HRs for all-cause 
mortality among HDL-C groups (≤30, 31–40, 41–50, 
61–70, >70 mg/dL) were 1.33 (1.14–1.56), 1.15 (1.04– 
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1.27), 1.11 (1.02–1.22), 1.05 (0.94–1.17) and 1.14 (1.02– 
1.27), the HRs for cardiovascular mortality were 1.24 
(0.88–1.74), 1.09 (0.88–1.33), 0.96 (0.80–1.17), 0.92 
(0.73–1.18) and 0.99 (0.78–1.26), and the HRs for cancer 
mortality were 1.35 (0.97–1.88), 1.12 (0.91–1.38), 1.15 
(0.96–1.38), 0.88 (0.69–1.12), and 1.06 (0.84–1.34), 
respectively.

The results of the two-piecewise linear regression 
model between HDL-C and mortality are demonstrated 
in Table 2, after adjusting for potential confounders, the 
cut-off values of all-cause, cardiovascular, and cancer 
mortality were 63 mg/dL, 46 mg/dL, and 70mg/dL, 
respectively. On the left of cut-off value, the HRs for all- 
cause, cardiovascular, and cancer mortality were 0.75 
(95% CI=0.66–0.85; P<0.01), 0.51 (95% CI=0.29–0.88; 
P=0.01), and 0.67 (95% CI=0.52–0.85; P<0.01) for every 
1 mmol/L (38.66 mg/dL) raise in HDL-C, while on the 
right of the cut-off value, the HRs for all-cause and cardi
ovascular mortality were 1.51 (95% CI=1.30–1.76; 
P<0.01), 1.11 (95% CI=0.89–1.40; P=0.36), and 1.7 
(95% CI=1.20–2.53; P<0.01), respectively. After adjusting 
for various potential confounders, as shown in Figure 4, 
the association between HDL-C on a continuous scale and 
all-cause, cardiovascular and cancer mortality appear to be 
U-shaped, as both low and high concentrations were asso
ciated with high all-cause (Figure 4A), cardiovascular 
(Figure 4B) and cancer (Figure 4C) mortality.

Subgroup Analyses
As shown in Table 3, after multivariate adjustment for 
confounders, when performing subgroup analysis using 
age, gender, race, BMI, diabetes, hypertension, CVD, 
and taking lipid-lowering drugs, we found that there was 
a U-shaped relationship between HDL-C and all-cause 
mortality in the male population, subjects aged ≥65 
years, the non-White population, and hypertension 
patients. Similarly, this study also showed that, in male 
subjects, HDL-C showed a U-shaped relationship with 
cancer mortality. Gender, race, BMI, and hypertension 
interacted significantly with the association between 
HDL-C levels and all-cause mortality (both P for interac
tion <0.05), while only race interacted significantly with 
HDL-C levels to influence the association with cardiovas
cular mortality (P-interaction<0.01). In addition, the rela
tionship between HDL-C and cancer mortality was 
affected by age and baseline CVD history (both P for 
interaction <0.05).Ta
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Discussion
In this large cohort of general adults population we 
found that HDL-C has a detailed U-shaped relationship 
with all-cause mortality, but has a non-linear relation
ship with cardiovascular and cancer mortality. Higher 
or lower HDL-C levels may increase the risk of all- 

cause and specific deaths. There was an interaction 
between gender, race, BMI, hypertension, and all- 
cause mortality, while only race has a significant inter
action with cardiovascular mortality, and age and base
line CVD history has a significant interaction with 
cancer mortality.

Figure 2 Kaplan–Meier survival curves for all-cause (A), cardiovascular (B), and cancer (C) mortality.

Figure 3 The relationship between high-density lipoprotein cholesterol and mortality. Age, gender, race, education level, smoking, body mass index, systolic blood pressure, 
estimated glomerular filtration rate, energy intake, total cholesterol, comorbidities (hypertension, diabetes, cardiovascular disease, and cancer), and medicine using 
(antihypertensive drugs, hypoglycemic agents, lipid-lowering drugs, and antiplatelet drugs) were adjusted.  
Abbreviations: CI, confidence interval; Ref, reference.
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Our results were consistent with previous studies,8,–14–16 

indicating that a U-shaped association was observed 
between HDL-C and all-cause mortality. In addition, we 
also showed that HDL-C has a nonlinear relationship with 
cardiovascular and tumor death, rather than the typical 
U-shaped relationship. That was, low-level HDL-C has a 
higher risk of cause-specific mortality, but higher HDL-C; 
although it also has a higher risk of mortality, this was not 
statistically significant in cardiovascular mortality. Joseph 
et al17 found that low HDL-C was associated with risk of 
higher cardiovascular and malignancy mortality, but high 
HDL-C was associated with lower risk of cardiovascular 
and malignancy mortality. In addition, a study from an 
elderly population demonstrated that cardiovascular mortal
ity was significantly highest in the lowest quartile of HDL- 
C, and particularly low levels of HDL-C seem to be risk 
factors for cardiovascular mortality.18 There was also a 
study which found that individuals with lower HDL-C 
levels were independently associated with higher risk of 
CVD and cancer mortality compared with individuals in 
the reference ranges of HDL-C levels, and individuals with 
higher HDL levels had increased hazard of non-CVD 

mortality.7 The reason our study was different from pre
vious studies may be mainly due to the different popula
tions. In addition, the adjustment of different confounding 
factors may also have a certain effect on the results.

We also found that the relationship between HDL-C 
and all-cause, cardiovascular, and cancer mortality were 
all non-linear, and the cut-off values were different. When 
HDL-C was less than 63 mg/dL, 46 mg/dL, and 70 mg/dL, 
respectively, the lower the HDL-C, the higher the all- 
cause, cardiovascular, and cancer death risk. However, 
when HDL-C was greater than the above cut-off values, 
higher HDL-C was accompanied by a higher all-cause, 
cardiovascular, and cancer death risk, but there was no 
statistical significance in cardiovascular death. Previous 
study has shown that in both gender, HDL-C 31–40 mg/ 
dL and ≤ 30 mg/dL were associated with higher risk of all- 
cause mortality, cardiovascular mortality, malignancy- 
related deaths, and HDL-C >60 mg/dL was associated 
with lower all-cause, cardiovascular, malignancy-related 
deaths.17 Sun et al8 found that very high HDL-C levels 
(≥80 mg/dL) were independently associated with increased 
total mortality risk compared with the reference level. In 

Table 2 The Results of Two-Piecewise Linear Regression Model Between High-Density Lipoprotein Cholesterol and Mortality

All-Cause Mortality 
HR (95% CI) P-value

Cardiovascular Disease Mortality 
HR (95% CI) P-value

Cancer Mortality 
HR (95% CI) P-value

Cutoff value, mg/dL 63 46 70

<Cut-off value 0.75 (0.66–0.85) <0.01 0.51 (0.29–0.88) 0.01 0.67 (0.52–0.85) <0.01

≥Cut-off value 1.51 (1.30–1.76) <0.01 1.11 (0.89–1.40) 0.36 1.74 (1.20–2.53) <0.01
P for log likelihood ratio test <0.01 0.02 <0.01

Notes: Age, gender, race, education level, smoking, body mass index, systolic blood pressure, estimated glomerular filtration rate, energy, total cholesterol, comorbidities 
(hypertension, diabetes, cardiovascular disease, and cancer), and medicine use (antihypertensive drugs, hypoglycemic agents, lipid-lowering drugs, and antiplatelet drugs) 
were adjusted. 
Abbreviations: HR, hazard ratio; CI, confidence interval.

Figure 4 Adjusted spline curves analyze for all-cause (A), cardiovascular (B), and cancer (C) mortality by high-density lipoprotein cholesterol (HDL-C) levels in the overall 
cohort and the HDL-C probability distribution histogram is represented in the background. Age, gender, race, education level, smoking, body mass index, systolic blood 
pressure, estimated glomerular filtration rate, energy intake, total cholesterol, comorbidities (hypertension, diabetes, cardiovascular disease, and cancer), and medicine using 
(antihypertensive drugs, hypoglycemic agents, lipid-lowering drugs, and antiplatelet drugs) were adjusted.
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addition, a cohort study from South Korea showed that 
participants with HDL-C level ≥85 mg/dL had the lowest 
HRs for cardiovascular deaths, participants with HDL-C 
level of 62–69 mg/dL showed the lowest proportion of 
overall deaths and cancer deaths.19 It also indicated that a 
very high HDL-C level (≥85 mg/dL) was associated with 
increased risk of all-cause deaths.19 The prospective 
cohort study from Japanese adults showed that very high 
HDL-C (≥80 mg/dL) did not show a significant association 
with CVD and other cause-specific mortality.20 In sum
mary, very high HDL-C may also increase the risk of all- 
cause or cause-specific deaths.

A subgroup analysis of our study demonstrated that the 
relationship between HDL-C and all-cause or cause-spe
cific mortality was different in gender, age, race, taking 
lipid-lowering drugs, and this relationship was adjusted 
and interacted by some traditional risks, such as age, 
gender, and comorbidities. Li et al21 found that there 
were nonlinear associations of HDL-C with all-cause and 
cardiovascular mortality among the elderly population, 
and the optimal HDL-C level and range were 71 mg/dL 
and 61 to 87 mg/dL, respectively. The REGARDS study 
showed that low HDL-C was associated with reduced risk 
of incident CVD in black participants, and very low HDL- 
C in women was significantly associated with cancer mor
tality in a fully adjusted model.2 A cohort study from 
American adults found that both extremely low and high 
HDL-C levels were associated with greater risk of mor
talities, and Mexican-American ethnicity subjects in the 
low level of HDL-C (30–40 mg/dL) category had higher 
risk of mortalities than those with a very low level, sug
gesting an HDL-C paradox in Mexican-American ethnicity 
participants.22 Moreover, a non-dialysis-dependent chronic 
kidney disease population revealed that HDL-C >60 mg/ 
dL was associated with lower risk of all-cause, cardiovas
cular, and malignant mortality in women but not in men.17

At present, the paradox mechanism of HDL-C and mor
tality is still unclear. The main reason may be as follows; on 
the one hand, the increase in adverse events observed in some 
trials where HDL-C was raised in large amounts could be 
related with some other CVD risks more than the HDL-C 
increase itself. On the other hand, the association between 
extreme high HDL-C and higher mortality was that extremely 
high HDL-C concentrations may be due to genetic variation 
of certain genes, such as CETP, ABCA1, LIPC, and 
SCARB1.23 In addition, the exact mechanism of higher 
HDL-C levels with higher risk of mortality may be mainly 
due to the function of HDL. It has been demonstrated that 

measurement of HDL functionality indices, independent of 
HDL-C assessment, was a more robust tool for the evaluation 
of the functional status of HDL and CVD risks.24 Consistent 
with HDL complexity in composition and metabolism, a 
wide range of biological activities was reported for HDL, 
including antioxidant, anti-inflammatory, anti-thrombotic, 
and immune modulatory activities.25 Finally, HDL-C 
included different particle size and number, in which the 
shape, electrophoresis speed, lipid and protein composition 
were also different, and the predictive ability of cardiovascu
lar events was also inconsistent. Therefore, recent researches 
were mainly focused on improving HDL functionality, rather 
than paying too much attention to HDL-C levels.

The current study has several strengths. First, the enrolled 
population was obtained from a nationally representative 
survey. Second, the follow-up time of this study was rela
tively long and there were large number of samples and 
events. Finally, the NHANES adopted standard procedures 
and methods to data collection, and used strict methods for 
data quality control. Despite these strengths, there were 
several limitations in this study. First, some baseline vari
ables such as previous disease history and history of taking 
medication were self-reported, which may be some recall 
errors. Second, other covariates, such as inflammation mar
ker, physical activity, and uric acid, which may also have an 
effect on cause-specific and all-cause mortality. Third, blood 
lipids were only measured once at baseline, which may not 
truly reflect the participant’s blood lipid status. Finally, our 
research only focused on HDL-C, without analyzing other 
blood lipids, or other potentially important aspects of HDL- 
C, such as particle sizes and subclasses of HDL-C.

In conclusion, in the present study, a U-shaped associa
tion was observed between HDL-C and all-cause mortality 
among an adult general population, and this association was 
modified by gender, race, BMI, and hypertension. In addi
tion, as for cause-specific (including cardiovascular and can
cer mortality) there was a nonlinear relations ion HDL-C and 
them. When HDL-C levels were greater than 63 mg/dL, 46 
mg/dL, and 70 mg/dL, it may increase the risk of all-cause, 
cardiovascular, and cancer mortality, respectively. The rela
tionship between HDL-C and cause-specific deaths is still 
unclear. In the future more well-designed prospective cohort 
studies are needed to clarify the association of HDL-C and 
all-cause or cause-specific mortality.
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