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Background: The association between high-density lipoprotein cholesterol (HDL-C) and 
the risk of death among people with diabetes remains to be verified.
Methods: This was a nationwide, population-based cohort study in United States. A total of 
6549 diabetes patients were included from the National Health and Nutrition Examination 
Surveys (NHANES). HDL-C concentration was divided into quintiles, and the lowest risk 
group (Q4: 1.32 to 1.53 mmol/L) was used as reference. Multivariate Cox proportional 
hazards models and restrictive cubic curves were performed to estimate hazard ratios (HRs) 
with 95% confidence interval (CI) for all-cause and cause-specific mortality.
Results: During a median follow-up of 82.36 ± 50.11 months, 1546 (23.61%) cases of all- 
cause, 389 (5.94%) cardiovascular and 262 (4.00%) cancer mortality have occurred, respec-
tively. After adjusting for potential covariates, a U-shaped association was found between 
HDL-C and all-cause mortality (minimum mortality risk at 1.37 mmol/L); the risk for all- 
cause mortality was significantly higher in the groups with HDL-C concentration <0.96 
mmol/L (HR: 1.30; 95% CI: 1.09, 1.56; P=0.0046) and with HDL-C concentration ≥1.55 
mmol/L (HR: 1.20; 95% CI: 1.00, 1.44; P=0.0481) than participants with HDL-C concentra-
tions ranging from 1.32 to 1.53mmol/L. Nonlinear associations of HDL-C levels with both 
cardiovascular and cancer mortality were also observed.
Conclusion: A non-linear association was observed association of HDL-C with all-cause, 
cardiovascular and cancer mortality among diabetic patients.
Keywords: high-density lipoprotein cholesterol, diabetes, mortality, all-cause mortality, 
cause-specific mortality, dose-dependent

Introduction
Over the past few decades, a large number of cohort or clinical studies have demon-
strated inverse association of high-density lipoprotein cholesterol (HDL-C) with 
cardiovascular events and mortality.1–4 For this reason, many clinical guidelines 
recommended HDL-C as a protective factor that was beneficial for the prevention 
and treatment of cardiovascular events.5,6 However, in recent years, studies have 
found that HDL-C concentration might not have dose–response benefit on cardiovas-
cular health. For example, Stephen et al found that higher HDL-C levels did not 
associate with a reduced mortality risk in patients with reduced kidney function.7 In 
the general population, a J-shaped or U-shaped association was observed between 
HDL-C and mortality.8–10 In high-risk patients with type 2 diabetes, it was found that 
HDL-C at baseline was unexpectedly related to a higher risk for cardiovascular events 
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and all-cause mortality.11 In addition, a meta-analysis of 
randomized controlled trials of 117,411 patients concluded 
that increasing HDL-C concentration does not reduce the 
risk of coronary disease events.12 In brief, the relationship 
between HDL-C and mortality was not entirely consistent 
and available data was limited among diabetic patients. The 
present study was therefore conducted to explore the asso-
ciation of HDL-C with all-cause and cause-specific mortal-
ity in diabetes patients and further determined the optimal 
threshold for the relationship between HDL-C and mortality.

Materials and Methods
Study Population
In the present study, all participants were included from the 
1999–2014 National Health and Nutrition Examination 
Surveys (NHANES). Detailed information about the 
NHANES has been published elsewhere.13,14 Briefly, the 
NHANES survey was a multistage, stratified sampling 
design on nationally representative civilian non- 
institutionalized US population.13,14 We enrolled participants 
who were aged ≥18 years and with data on HDL-C measure-
ment. Subjects who were missing data follow-up and without 
diagnosis of diabetes at baseline were excluded. After apply-
ing the inclusion criteria, our final sample size contained 
6549 participants (Figure 1). All participants have provided 
informed consent before study. The survey was approved by 

the National Center for Health Statistics/Centers for Disease 
Control and Prevention ethics review board and with the 
Helsinki Declaration of 1975, as revised in 2008.

Lipids Measurement
Fasting samples were obtained from peripheral venous 
blood and stored under appropriate frozen conditions 
until they were shipped to Johns Hopkins University 
(Hitachi 717 and Hitachi 912, Roche Diagnostics, 9115 
Hague Road, Indianapolis, IN 46,250) or Minnesota 
University (Roche Modular P, Roche Diagnostics, 9115 
Hague Road, Indianapolis, IN 46,250) Lipoprotein 
Analytical Lab for testing. Blood lipid measurement 
including triglycerides (TG), total cholesterol (TC), 
HDL-C and low-density lipoprotein cholesterol (LDL-C). 
TC and TG were measured enzymatically, HDL-C was 
measured by using a heparin-manganese precipitation 
method or a direct immunoassay technique. LDL-C 
(where all values are expressed in mg/dL) was calculated 
according to the Friedewald calculation: LDL-C = TC– 
HDL-C – TG/5 when TG was less than or equal to 
400 mg/dL.15 In addition, fasting blood glucose (FBG), 
glycohemoglobin (HbA1C), C-reactive protein and creati-
nine were also tested by using standard methods. The 
NHANES quality control and quality assurance protocols 
have met the 1988 Clinical Laboratory Improvement Act 
requirements.

National Health and Nutrition Examination 
Survey(1999-2014)≥18 years old 

(n=47356)

Patients with diabetes (n=7263)

Exclusion: Baseline without 
diabetes (n=40093)

Enrolled analysis (n=6549)

Exclusion:
Missing high density lipoprotein 
cholesterol data (n=707)
Missing follow-up data (n=7)

Figure 1 Research flow chart.
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Covariate Collection
Standard examinations and questionnaire were adminis-
tered by trained health technicians, interviewers, and phy-
sicians. Participants have provided information on 
demographic (age, gender and race), socioeconomic (edu-
cational attainment and marriage), lifestyle and behavior 
factors (smoking) and health-related questions (hyperten-
sion, diabetes, cardiovascular disease, cerebrovascular dis-
ease and cancer), and have attended physical examinations 
(including body weight, height and blood pressure). 
Information on current medication such as antihyperten-
sive, anti-diabetes, antiplatelet and lipid-lowering medica-
tions were collected. Body mass index (BMI, kg/m2) was 
calculated by using weight (kg)/height2 (m2). Estimated 
glomerular filtration rate (eGFR) was calculated using 
Modification of Diet in Renal Disease formula. Subjects 
who had one or more of the following criteria were defined 
as hypertension: (1) self-reported hypertension previously 
diagnosed by a physician, (2) taking antihypertensive 
drugs, (3) systolic and/or diastolic blood pressure (SBP/ 
DBP) ≥140/90mmHg.16 Diabetes was defined as having 
a history of diabetes, or taking anti-diabetes medications, 
or FBG ≥7.0 mmol/l (126 mg/dl), or HbA1C ≥6.5%.17

Outcome Ascertainment
Study endpoints for the present study were all-cause, car-
diovascular and cancer mortality. Mortality status of the 
NHANES was obtained from data from the National Death 
Index through December 31, 2014. We classified causes of 
mortality based on the codes of ICD-10 (international 
statistical classification of diseases, 10th revision). For 
instance, codes I00-I09, I11, I13, and I20-I51 for cardio-
vascular mortality, codes I60-I69 for death from cerebro-
vascular diseases, and codes C00-C97 for cancer 
mortality.18

Statistical Analyses
Continuous variables are presented as mean ± standard 
deviation and categorical variables are presented as per-
centage where appropriate. Subgroup differences were 
analyzed by one-way ANOVA or Chi-square tests 
depending on the types of variables. HDL-C were 
grouped into quintiles (Q1: ≤0.96 mmol/L (37.00 mg/ 
dL), Q2: 0.97–1.11 mmol/L (38.00–43.00 mg/dL), Q3: 
1.12–1.31 mmol/L (44.00–50.00 mg/dL), Q4: 1.32–1.53 
mmol/L (51.00–59.00 mg/dL), Q5: ≥1.54 mmol/L 
(60.00 mg/dL), and we used the group with the lowest 

risk (Q4) as the reference group according to previous 
studies.9,10,19,20 The Cox proportional hazards model 
was used for exploring the association of HDL-C with 
all-cause, cardiovascular and cancer mortality. To 
further explore the relationship between HDL-C and 
mortality, multivariate adjusted restrictive cubic curves 
and generalized additive model were performed. The 
results were expressed as hazard ratios (HRs) and 95% 
confidence intervals (CI). Model I only included HDL- 
C, Model II was adjusted for age, gender and BMI. 
Model III was further adjusted for race, education 
level, smoking, SBP, eGFR, HbA1C, TC, comorbidities 
and medicines used. 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. Survival analysis 
was performed using standardized Kaplan–Meier curves 
and Log rank test. In addition, the subgroup analysis 
including age (<65 or ≥65 years), gender (male or 
female), race (White or non-White), hypoglycemic 
agents (yes or no) and taking lipid-lowering drugs (yes 
or no). All statistical analyses were performed using 
R version 3.3.2 (R Foundation for Statistical 
Computing, Vienna, Austria), and P < 0.05 was consid-
ered as statistically significant.

Results
Baseline Characteristics
There were 6549 diabetic patients being included, and 
among them, 3372 (51.49%) were men. The mean con-
centration of HDL-C was 1.24 mmol/L. The baseline 
characteristics according to HDL-C level are summarized 
in Table 1. There were significant subgroup differences in 
age, gender, education level, BMI, HbA1C, TG, TC, tak-
ing lipid-lowering drugs (all P <0.05), but race, smoking, 
SBP, DBP, eGFR, FBG, LDL-C, hypertension, CVD, can-
cer, taking antihypertensive drugs, hypoglycemic agents 
and antiplatelet drugs have no significant differences (all 
P > 0.05).

In addition, during a median follow-up of 82.36 ± 
50.11 months, 1546 (23.61%) cases of all-cause, 389 
(5.94%) cardiovascular and 262 (4.00%) cancer mortality 
have occurred, respectively. From Q1 to Q5 group accord-
ing to HDL-C level, there was a significant difference in 
the incidence of all-cause mortality, but there was no 
significant differences in the incidence of cardiovascular 
and cancer mortality (Table 1). The survival curve analysis 
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Table 1 Baseline Characteristics According to High-Density Lipoprotein Cholesterol Levels

Total High Density Lipoprotein Cholesterol P-value

Q1 Q2 Q3 Q4 Q5

Number 6549 1448 1346 1245 1212 1298

Age, years 60.82 ± 14.36 58.74 ± 14.59 59.79 ± 14.84 60.99 ± 13.75 61.69 ± 13.93 63.21 ± 14.16 <0.001

Gender, n (%) <0.001
Male 3372 (51.49) 1016 (70.17) 810 (60.18) 634 (50.92) 495 (40.84) 417 (32.13)

Female 3177 (48.51) 432 (29.83) 536 (39.82) 611 (49.08) 717 (59.16) 881 (67.87)

Race, n (%) <0.001

Non-white 4005 (61.15) 773 (53.38) 819 (60.85) 760 (61.04) 800 (66.01) 853 (65.72)

White 2544 (38.85) 675 (46.62) 527 (39.15) 485 (38.96) 412 (33.99) 445 (34.28)

Smoking, n (%) <0.001

No 3128 (48.10) 579 (40.18) 622 (46.70) 608 (49.27) 627 (51.95) 692 (53.69)
Yes 3375 (51.90) 862 (59.82) 710 (53.30) 626 (50.73) 580 (48.05) 597 (46.31)

Education level, n (%) 0.059
Less than high 

school

2576 (39.68) 600 (41.67) 549 (41.15) 479 (38.85) 479 (39.82) 469 (36.58)

High school or 
above

3916 (60.32) 840 (58.33) 785 (58.85) 754 (61.15) 724 (60.18) 813 (63.42)

Body mass 

index, kg/m2

32.01 ± 7.35 33.05 ± 6.92 32.46 ± 7.26 32.38 ± 7.42 31.79 ± 7.29 30.26 ± 7.59 <0.001

Systolic blood 
pressure, mmHg

132.50 ± 20.82 130.52 ± 19.26 131.84 ± 20.81 132.25 ± 20.60 133.37 ± 21.49 134.80 ± 21.81 <0.001

Diastolic blood 

pressure, mmHg

68.64 ± 15.32 69.90 ± 15.02 68.85 ± 15.60 68.73 ± 15.19 68.35 ± 15.32 67.20 ± 15.39 <0.001

eGFR, mg/min/ 

1.73m2

79.65 ± 30.10 80.34 ± 31.38 79.78 ± 30.44 79.04 ± 27.60 80.17 ± 28.04 78.86 ± 32.37 0.636

Glycohemoglobin, % 7.22 ± 1.77 7.43 ± 1.82 7.29 ± 1.73 7.27 ± 1.81 7.14 ± 1.74 6.92 ± 1.72 <0.001
Fasting blood 

glucose, mg/dL

154.81 ± 64.58 165.32 ± 70.67 158.86 ± 68.06 156.33 ± 62.46 148.38 ± 57.03 145.67 ± 61.69 <0.001

Serum lipid level

Triglycerides <0.001
mg/dL 179.78 ± 183.04 282.30 ± 259.18 205.00 ± 252.62 166.35 ± 99.26 135.79 ± 69.09 113.06 ± 60.29

mmol/L 2.03 ± 2.07 3.19 ± 2.93 2.31 ± 2.85 1.88 ± 1.12 1.53 ± 0.78 1.28 ± 0.68

Low density 

lipoprotein

0.002

mg/dL 109.09 ± 37.17 103.10 ± 36.75 111.39 ± 36.95 110.21 ± 36.34 110.41 ± 37.82 109.37 ± 37.45
mmol/L 2.82 ± 0.96 2.67 ± 0.95 2.88 ± 0.96 2.85 ± 0.94 2.86 ± 0.98 2.83 ± 0.97

Total cholesterol <0.001
mg/dL 193.09 ± 48.10 185.30 ± 50.10 192.35 ± 51.31 193.07 ± 46.68 193.05 ± 43.34 202.58 ± 46.34

mmol/L 4.99 ± 1.24 4.79 ± 1.30 4.97 ± 1.33 4.99 ± 1.21 4.99 ± 1.12 5.24 ± 1.20

High density 

lipoprotein

<0.001

mg/dL 48.12 ± 14.15 32.28 ± 4.12 40.65 ± 1.65 46.30 ± 1.68 53.69 ± 2.56 70.08 ± 11.27
mmol/L 1.24 ± 0.37 0.84 ± 0.11 1.05 ± 0.04 1.20 ± 0.04 1.39 ± 0.07 1.81 ± 0.29

(Continued)
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of HDL-C and all-cause (Figure 2A), cardiovascular 
(Figure 2B) and cancer (Figure 2C) mortality is presented 
in Figure 2.

Relationship Between HDL-C and Mortality
HDL-C concentration and mortality risk is summarized in 
Table 2. After adjustment for the covariates, and using Q4 

Table 1 (Continued). 

Total High Density Lipoprotein Cholesterol P-value

Q1 Q2 Q3 Q4 Q5

Comorbidities, n (%)

Hypertension 0.286

No 1457 (22.27) 340 (23.50) 306 (22.78) 288 (23.15) 255 (21.04) 268 (20.66)
Yes 5086 (77.73) 1107 (76.50) 1037 (77.22) 956 (76.85) 957 (78.96) 1029 (79.34)

Cardiovascular 
disease

<0.001

No 5008 (76.99) 1045 (72.47) 1013 (75.94) 956 (77.35) 967 (80.25) 1027 (79.74)

Yes 1497 (23.01) 397 (27.53) 321 (24.06) 280 (22.65) 238 (19.75) 261 (20.26)

Cancer 0.203
No 5636 (86.77) 1271 (88.26) 1161 (87.10) 1067 (86.61) 1042 (86.54) 1095 (85.15)

Yes 859 (13.23) 169 (11.74) 172 (12.90) 165 (13.39) 162 (13.46) 191 (14.85)

Treatment, n (%)

Antihypertensive 
drugs

0.331

No 2704 (41.29) 618 (42.68) 562 (41.75) 528 (42.41) 480 (39.60) 516 (39.75)

Yes 3845 (58.71) 830 (57.32) 784 (58.25) 717 (57.59) 732 (60.40) 782 (60.25)

Hypoglycemic 

agents,

0.145

No 2980 (45.50) 676 (46.69) 612 (45.47) 577 (46.35) 512 (42.24) 603 (46.46)

Yes 3569 (54.50) 772 (53.31) 734 (54.53) 668 (53.65) 700 (57.76) 695 (53.54)

Lipid-lowering drugs 0.361

No 4275 (65.28) 966 (66.71) 893 (66.34) 797 (64.02) 771 (63.61) 848 (65.33)

Yes 2274 (34.72) 482 (33.29) 453 (33.66) 448 (35.98) 441 (36.39) 450 (34.67)

Antiplatelet drugs 0.014

No 6195 (94.59) 1357 (93.72) 1266 (94.06) 1167 (93.73) 1158 (95.54) 1247 (96.07)
Yes 354 (5.41) 91 (6.28) 80 (5.94) 78 (6.27) 54 (4.46) 51 (3.93)

Outcomes, n (%)

Cancer mortality 0.651

No 6287 (96.00) 1382 (95.44) 1296 (96.29) 1193 (95.82) 1170 (96.53) 1246 (95.99)
Yes 262 (4.00) 66 (4.56) 50 (3.71) 52 (4.18) 42 (3.47) 52 (4.01)

Cardiovascular 
disease mortality

0.417

No 6160 (94.06) 1347 (93.02) 1268 (94.21) 1172 (94.14) 1147 (94.64) 1226 (94.45)

Yes 389 (5.94) 101 (6.98) 78 (5.79) 73 (5.86) 65 (5.36) 72 (5.55)

All-cause mortality 0.003

No 5003 (76.39) 1074 (74.17) 1023 (76.00) 953 (76.55) 975 (80.45) 978 (75.35)
Yes 1546 (23.61) 374 (25.83) 323 (24.00) 292 (23.45) 237 (19.55) 320 (24.65)

Notes: Values are mean ± standardized differences or n (%). Continuous variables were tested using a one-way ANOVA, and count variables were tested using a Chi-square. 
Abbreviations: Q, quintiles; n, number; eGFR, estimated glomerular filtration rate.
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(1.32 to 1.53 mmol/L) as a reference, the fully adjusted HRs of 
groups with the highest (≥1.54 mmol/L) and lowest (≤0.96 
mmol/L) HDL-C level were 1.30 (95% CI: 1.09, 1.56; 
P=0.0046) and 1.20 (95% CI: 1.00, 1.44; P=0.0481), respec-
tively, for all-cause mortality (P for trend =0.113). However, 
there was no statistical significance for the association of HDL- 
C with cardiovascular and cancer mortality. Compared to the 
reference group (Q4), the fully adjusted HRs for cardiovascular 
mortality among the highest and lowest were 1.22 (95% CI: 
0.86, 1.74; P=0.2686) and 1.01 (95% CI: 0.70, 1.46; P=0.9640) 
(P for trend =0.327), respectively. Similarly, the fully adjusted 
HRs for cancer mortality among the highest and lowest were 
1.15 (95% CI: 0.76, 1.75; P=0.5021) and 1.05 (95% CI: 0.69, 
1.61; P=0.8227) (P for trend =0.722), respectively.

A Non-Linear Relationship Between 
HDL-C and Mortality
The nonlinear association of HDL-C and mortality were 
examined by using multivariate Cox proportional hazards 

models with a generalized additive model (GAM) and pena-
lized spline methods. The multivariate adjusted restrictive 
cubic curve showed that the relationship between HDL-C 
and all-cause mortality (Figure 3A) was in U-shaped, but 
similar non-linear relationship was not found for cardiovascu-
lar (Figure 3B) and cancer (Figure 3C) mortality. In addition, 
a two-piecewise Cox proportional hazards model was con-
ducted to explore the minimum value of HDL-C and mortality 
risk. As shown in Table 3, a nonlinear relationship between 
HDL-C and all-cause mortality was found (P for log likelihood 
ratio test<0.001), but we did not found significant difference in 
cardiovascular (P for log likelihood ratio test=0.218) and 
cancer (P for log likelihood ratio test=0.009) mortality. The 
optimal cut-off point of HDL-C for all-cause, cardiovascular 
and cancer were 1.36 mmol/L (53 mg/dL), 1.28 mmol/L 
(49 mg/dL) and 1.89 mmol/L (73 mg/dL), respectively. 
When HDL-C was ≥1.36 mmol/L, 1.28 mmol/L and 1.89 
mmol/L, increased HDL-C was significantly associated with 
an increased risk for all-cause (HR = 1.50, 95% CI: 1.16, 1.94; 
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Figure 2 Kaplan-Meier survival curves for all-cause (A), cardiovascular (B), and cancer (C) mortality by high density lipoprotein cholesterol groups.
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P = 0.0018), cardiovascular (HR = 1.23, 95% CI: 0.76, 2.01; 
P =0.4036) and cancer (HR = 3.83, 95% CI: 1.76, 8.34; P = 
0.0007) mortality. However, when HDL-C was <1.36 mmol/ 
L, 1.28 mmol/L and 1.89 mmol/L, HDL-C was inversely 
associated with the risk for all-cause (HR = 0.62, 95% CI: 
0.38, 1.03; P = 0.066), cardiovascular (HR = 0.66, 95% CI: 
0.33, 1.31; P =0.2319) and cancer (HR =0.83, 95% CI: 0.53, 
1.30; P = 0.4159) mortality, respectively.

Subgroup Analyses
The stratified analyses are shown in Table 4. When HDL- 
C ≤1.36 mmol/L, reduced HDL-C was significantly 
decreased the risk of all-cause mortality in subjects with 

aged ≥65 years (HR=0.59, 95% CI: 0.41, 0.84; P=0.0036), 
female population (HR=0.46, 95% CI: 0.28, 0.76; 
P=0.0021), non-White population (HR=0.61, 95% CI: 
0.39, 0.95; P=0.0286), without taking lipid-lowering 
drugs (HR=0.61, 95% CI: 0.40, 0.95; P=0.0283) and tak-
ing hypoglycemic agents (HR=0.59, 95% CI: 0.39, 0.90; 
P=0.0140); when HDL-C ≥1.36 mmol/L, increased HDL- 
C was significantly increased the risk of all-cause mortal-
ity in subjects with aged ≥65 years (HR =1.59, 95% CI: 
1.19, 2.12; P=0.0018), male population (HR =2.08, 95% 
CI: 1.39, 3.12; P =0.004), non-White population 
(HR=1.50, 95% CI: 1.07, 2.10; P=0.0174), without taking 
lipid-lowering drugs (HR=1.57, 95% CI: 1.19, 2.07; 

Table 2 Multivariate Cox Regression Analysis of HDL-C Levels with Cause-Specific Mortality

Model I HR (95% CI), P Model II HR (95% CI), P Model III HR (95% CI), P

All-cause mortality

HDL-C (per 1mmol/L increment) 1.07 (0.94, 1.23) 0.3116 0.92 (0.79, 1.06) 0.2376 1.01 (0.86, 1.19) 0.8903

HDL-C groups

Q1 1.30 (1.11, 1.53) 0.0015 1.43 (1.21, 1.70) <0.0001 1.30 (1.09, 1.56) 0.0046
Q2 1.20 (1.02, 1.42) 0.0322 1.26 (1.06, 1.49) 0.0084 1.19 (0.99, 1.43) 0.0612

Q3 1.22 (1.03, 1.45) 0.0218 1.20 (1.01, 1.42) 0.0380 1.14 (0.95, 1.37) 0.1628

Q4 1.0 1.0 1.0
Q5 1.30 (1.10, 1.54) 0.0020 1.20 (1.01, 1.42) 0.0370 1.20 (1.00, 1.44) 0.0481

P for trend 0.334 0.002 0.113

Cardiovascular mortality

HDL-C (per 1mmol/L increment) 0.94 (0.71, 1.25) 0.6716 0.83 (0.61, 1.12) 0.2130 0.97 (0.70, 1.34) 0.8408

HDL-C groups

Q1 1.28 (0.94, 1.75) 0.1207 1.38 (1.00, 1.89) 0.0503 1.22 (0.86, 1.74) 0.2686
Q2 1.06 (0.76, 1.47) 0.7445 1.08 (0.78, 1.51) 0.6438 1.02 (0.71, 1.45) 0.9347

Q3 1.11 (0.80, 1.56) 0.5259 1.08 (0.77, 1.51) 0.6608 0.99 (0.69, 1.43) 0.9746

Q4 1.0 1.0 1.0
Q5 1.07 (0.77, 1.50) 0.6892 1.00 (0.71, 1.39) 0.9802 1.01 (0.70, 1.46) 0.9460

P for trend 0.212 0.043 0.327

Cancer mortality

HDL-C (per 1mmol/L increment) 1.13 (0.82, 1.58) 0.4542 1.11 (0.79, 1.57) 0.5465 1.18 (0.81, 1.72) 0.3955

HDL-C groups

Q1 1.31 (0.89, 1.92) 0.1770 1.32 (0.89, 1.96) 0.1710 1.15 (0.76, 1.75) 0.5021
Q2 1.06 (0.70, 1.59) 0.7980 1.05 (0.69, 1.59) 0.8253 0.97 (0.63, 1.48) 0.8849

Q3 1.23 (0.82, 1.85) 0.3212 1.19 (0.79, 1.79) 0.4066 1.02 (0.67, 1.56) 0.9345

Q4 1.0 1.0 1.0
Q5 1.19 (0.79, 1.79) 0.4024 1.15 (0.77, 1.73) 0.4938 1.05 (0.69, 1.61) 0.8227

P for trend 0.550 0.459 0.722

Notes: Data are HR (95% CI). Model I adjust for none. Model II adjust for age, gender, and body mass index. Model III adjust for age, gender, body mass index, race, 
education level, smoking, systolic blood pressure, estimated glomerular filtration rate, glycohemoglobin, total cholesterol, comorbidities (hypertension, cardiovascular 
disease, and cancer), and medicine use (antihypertensive drugs, hypoglycemic agents, lipid-lowering drugs, and antiplatelet drugs). Multivariate Cox regression was 
performed. 
Abbreviations: HDL-C, high density lipoprotein cholesterol; HR, hazard ratio; CI, confidence interval; Q, quintiles.
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P=0.0013) and without taking hypoglycemic agents 
(HR=1.55, 95% CI: 1.10, 2.18; P=0.0120), respectively. 
Similar results were found when HDL-C was ≥1.89 mmol/ 
L, increased HDL-C was significantly increased the risk of 
cancer mortality in subjects with aged ≥65 years, male and 
non-White population, without taking lipid-lowering drugs 
and hypoglycemic agents.

Discussion
In this population-based cohort study, we found that both 
low and high HDL-C levels were significantly associated 
with increased risk of all-cause mortality among diabetic 
patients, and relationship was U-shaped in nature. We 
observed that the HDL-C level was linked with the lowest 
risk of all-cause, cardiovascular and cancer mortality at 
1.36 mmol/L, 1.28 mmol/L and 1.89 mmol/L, respectively, 

and that the optimal HDL-C concentration range was 
between 1.32 and 1.53 mmol/L (51 and 59 mg/dL) for 
a lower risk of all-cause death.

Our results were similar to previous studies. Over the 
past decade, there were extensive studies to find U-shaped 
relationship between HDL-C levels and mortality.9,10,19,20 

In addition, we also found there were nonlinear associa-
tions of HDL-C with cardiovascular and cancer mortality. 
Our results were consistent with a pooled analysis of 37 
prospective cohort studies to show that HDL-C associated 
with mortality from cardiovascular and cancer in 
a nonlinear manner.8 In our study, although both higher 
and lower HDL-C were associated with an increased risk 
of cardiovascular and cancer mortality compared to the 
lowest risk group (HDL-C: 1.32–1.53 mmol/L), the asso-
ciation was not statistically significant. The null 
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Figure 3 Adjusted spline curves analyze for the association of high density lipoprotein cholesterol with all-cause (A), cardiovascular (B), and cancer (C) mortality. Age, 
gender, body mass index, race, education level, smoking, systolic blood pressure, estimated glomerular filtration rate, glycohemoglobin, total cholesterol, comorbidities 
(hypertension, cardiovascular disease, and cancer), and medicine use (antihypertensive drugs, hypoglycemic agents, lipid-lowering drugs, and antiplatelet drugs) were 
adjusted.
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association being found for cardiovascular and cancer 
mortality was different from some recent data.21,22 

Indeed, a previous study demonstrated that higher HDL- 
C was related to increased risk of all-cause mortality only 
in high-risk patients with type 2 diabetes and for those 
with very low LDL-C levels.11 Therefore, the non-linear 
association observed in our study needs to be validated by 
more studies with a larger sample size.

Subgroup analysis showed that the relationship 
between HDL-C and death was heterogeneous according 
to gender, age, race, and lipid-lowering drugs. We specu-
lated that the main reason may be attributed by the small 
sample size. Li et al10 found that higher HDL-C levels 
with an increased risk for all-cause mortality only in 
younger participants (<65 years old). Mazidi et al23 

revealed that there were racial differences between 
HDL-C and death. Another study demonstrated that 
lower HDL-C (<1.03 mmol/L) was associated with risk 
of higher all-cause, cardiovascular and cancer mortality in 
men and women, but higher HDL-C (>1.55 mmol/L) was 
associated with a lower risk of all-cause, cardiovascular 
and cancer mortality in women but not in men.22 In addi-
tion, meta-analyses indicated HDL-C-elevating drugs such 
as niacin and cholesteryl ester transfer protein inhibitors 
did not influence the occurrence of mortality.12,24 

Therefore, whether higher HDL-C was beneficial still 
needed more researches.

The mechanisms between HDL-C levels and the risk of 
mortality are still not completely clear. Genetic variance 
may be a reason, and several genetic variants such as 
ABCA1 and CETP, which have been found to relate to 
HDL-C levels and have adverse effects on health 
outcomes.25,26 Mendelian randomisation studies demon-
strated that some genetic mechanisms that raised plasma 
HDL-C did not relate to a lower risk of cardiovascular 

diseases.27,28 Besides, HDL-C is closely related to apoA1 
metabolism. It has been shown that an increased HDL-C/ 
Apo A-I ratio may be a shared risk factor for cardiovas-
cular, cancer and all-cause mortality.29 Indeed, diabetes 
was characterized not only by low HDL-C levels but 
also by defective HDL function, and functional HDL 
deficiency is intimately associated with alterations in intra-
vascular HDL metabolism and structure.30 Finally, the 
composition and particle size of HDL-C may also play 
a role.

The long period of follow-up and rigorous procedure 
for sampling and data collection in the NHANES study 
have made the study findings reliable. Nevertheless, this 
study also has several limitations. First, the relatively 
small sample size was an important disadvantage. 
Second, it was an observational study rather than an inter-
vention study; therefore, the quality of evidence might not 
be the highest. Third, the absence of many covariates may 
have a certain impact on the results. Fourth, some risk 
factors such as physical activity, types of lipid-lowering 
drugs, menopausal status, duration of diabetes, income and 
marriage status were missing in this study. Fifth, some 
covariates were self-reported and might lead to recall 
bias. Sixth, we cannot obtain details on lipid-lowering 
drug medication and type of anti-diabetic drugs, also can-
not get information about menopausal status. In addition, 
the collection of HDL-C was only conducted at baseline. 
Finally, our study only focused on the association between 
HDL-C and mortality, but did not explore the relationship 
with cardiovascular events.

Conclusions
In conclusion, our study indicated that the relationship of 
HDL-C with all-cause, cardiovascular and cancer mortal-
ity was non-linear among diabetic patients. Our results 

Table 3 The Results of Two-Piecewise Linear Regression Model Between High-Density Lipoprotein Cholesterol and Cause-Specific 
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, mmol/L 1.36 (53 mg/dL) 1.28 (49 mg/dL) 1.89 (73 mg/dL)

<Cut-off value 0.62 (0.46, 0.85) 0.0025 0.66 (0.33, 1.31) 0.2319 0.83 (0.53, 1.30) 0.4159
≥Cut-off value 1.50 (1.16, 1.94) 0.0018 1.23 (0.76, 2.01) 0.4036 3.83 (1.76, 8.34) 0.0007

P for log likelihood ratio test <0.001 0.218 0.009

Notes: Data are HR (95% CI). Age, gender, body mass index, race, education level, smoking, systolic blood pressure, estimated glomerular filtration rate, glycohemoglobin, 
total cholesterol, comorbidities (hypertension, cardiovascular disease, and cancer), and medicine use (antihypertensive drugs, hypoglycemic agents, lipid-lowering drugs, and 
antiplatelet drugs) were adjusted. Generalized additive model was performed. 
Abbreviations: HR, hazard ratio; CI, confidence interval.
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suggested that both lower and higher levels were asso-
ciated with an increased risk of mortality. The optimal 
HDL-C concentration for all-cause mortality was probably 
between 1.32 and 1.53 mmol/L (51 and 59 mg/dL).
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