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there is a U shaped association 
between non high density 
lipoprotein cholesterol with overall 
and cardiovascular mortality 
in chronic kidney disease stage 3–5
Hsuan chiu1, pei‑Yu Wu2,3,4, Jiun‑chi Huang2,3,4, Hung‑pin tu5, Ming‑Yen Lin2, 
Szu‑chia chen2,3,4,6* & Jer‑Ming chang2,4

Dyslipidemia is common in patients with chronic kidney disease (cKD), however the relationship 
between dyslipidemia and mortality in patients with moderate to severe cKD remains controversial. 
non‑high‑density lipoprotein (HDL) cholesterol has been reported to be a more accurate predictor 
of clinical outcomes than conventional lipid measurements. Hence, the aim of this study was to 
investigate associations between non‑HDL cholesterol and the risk of overall and cardiovascular 
mortality in patients with CKD stage 3–5. We enrolled 429 pre-dialysis patients with stage 3 to 5 CKD 
from May 2006 to January 2010. The patients were divided into four groups according to quartiles of 
non-HDL cholesterol. The patients were followed until death or until January 2020. During a median 
11.6 years of follow-up, there were 78 (18.2%) deaths overall and 32 (7.5%) cardiovascular deaths. 
In adjusted models, the patients in quartile 1 (hazard ratio [HR] 3.368; 95% confidence interval [CI] 
1.388–8.176; p = 0.007), quartile 3 (HR 3.666; 95% CI 1.486–9.044; p = 0.005), and quartile 4 (HR 
2.868; 95% CI 1.136–7.240; p = 0.026) of non-HDL cholesterol had a higher risk of overall mortality 
(vs. quartile 2). In addition, the patients in quartile 1 (HR 19.503; 95% CI 2.185–174.0925 p = 0.008), 
quartile 3 (HR 28.702; 95% CI 2.990–275.559; p = 0.004), and quartile 4 (HR 11.136; 95% CI 1.126–
110.108; p = 0.039) had a higher risk of cardiovascular mortality (vs. quartile 2). Our study showed 
a U‑shaped relationship between non‑HDL cholesterol and the risk of overall and cardiovascular 
mortality in patients with CKD stage 3–5. Assessing non-HDL cholesterol may help to identify subjects 
at high‑risk of adverse outcomes.

Lipid disorders are a major public health issue worldwide, and many studies have reported the high rates of 
mortality, morbidity, and complications associated with dyslipidemia in the general  population1,2. Dyslipidemia 
is common in patients with chronic kidney disease (CKD) due to severe dysregulation of key metabolic path-
ways and enzymes, which can lead to a decrease in high-density lipoprotein (HDL) cholesterol and increase in 
triglyceride-rich  lipoproteins3. Lipid disorders in patients with CKD have been shown to both increase the risk 
of cardiovascular disease (CVD) and also to accelerate the progression to end-stage  CKD4–6.

High levels of serum low-density lipoprotein (LDL) cholesterol have been clearly identified to be an important 
risk factor for increased CVD and mortality in the general population, however this cannot completely explain 
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the risk associated with triglyceride-rich atherogenic  lipoproteins7. The level of serum non-HDL cholesterol is cal-
culated as total cholesterol minus HDL cholesterol, and it accounts for all atherogenic lipoproteins, including LDL 
cholesterol, lipoprotein(a), intermediate-density lipoprotein, and very LDL remnants. Atherogenic lipoproteins 
have been reported to be major contributors to atherosclerosis and the pathogenesis of  CVD6. Some investiga-
tors have suggested that serum non-HDL cholesterol level may be a useful marker of the risk of atherosclerosis 
and  CVD7–10. Increasing evidence also suggests that higher serum levels of non-HDL cholesterol are related to 
an increased risk of CVD in the general  population11–15. In addition, non-HDL cholesterol has been reported 
to be a more accurate predictor of the risk and outcomes of CVD than conventional lipid  measurements12,16,17. 
Some epidemiological studies have reported an association between non-HDL cholesterol and adverse CVD 
outcomes in patients with  CKD18–20, whereas others have not identified such an  association21,22. Therefore, the 
role of non-HDL cholesterol as a risk marker for CVD remains controversial in patients with CKD.

The influence of dyslipidemia on mortality in patients with CKD is also unclear. An association between con-
ventional risk factors for mortality and better survival in patients with CKD, also termed “reverse epidemiology”, 
has been described in previous  studies23,24. An inverse association between lipid levels and mortality in patients 
with CKD has also been reported in several  studies25,26. On the other hand, a recent large randomized control 
trial showed that statin treatment lowered LDL cholesterol but had no substantial effect on the progression of 
kidney disease or overall and cause-specific mortality in patients with  CKD27. Considering the potential link 
between serum lipid levels and outcomes in patients with CKD, we hypothesized that there may be a nonlinear 
relationship between serum concentrations of non-HDL cholesterol and mortality in patients with CKD. There-
fore, the aim of the present study was to investigate the association between non-HDL cholesterol and overall 
and cardiovascular mortality in patients with CKD stage 3–5.

Results
A total of 429 patients with CKD stage 3–5 were included. Their mean age was 65.9 ± 12.3 years and there were 
267 men and 162 women. The patients were classified into four groups according to quartile of non-HDL cho-
lesterol. Comparisons of the clinical characteristics of these groups are shown in Table 1. There were 107, 107, 
108 and 107 patients in the four groups, respectively. Compared to the patients in quartile 1, those in quartile 4 
had a higher diastolic blood pressure, and higher levels of triglycerides, total cholesterol, LDL cholesterol, and 
non-HDL cholesterol.

Table 2 shows unadjusted relationships among HDL cholesterol, LDL cholesterol, non-HDL cholesterol, and 
triglyceride quartiles and overall and cardiovascular mortality using univariate Cox proportional hazards analy-
sis. Compared to the patients in quartile 3 of HDL cholesterol and LDL cholesterol, those in quartile 1, quartile 
2, and quartile 4 were not associated with increased overall or cardiovascular mortality. However, compared to 
the patients in quartile 2 of non-HDL cholesterol, those in quartile 1 (hazard ratio [HR] 2.345; 95% confidence 
interval [CI] 1.111–4.953; p = 0.025), quartile 3 (HR 2.486; 95% CI 1.189–5.200; p = 0.016) and quartile 4 (HR 
2.287; 95% CI 1.083–4.829; p = 0.0301) were associated with increased overall mortality. In addition, the patients 
in quartile 3 of non-HDL cholesterol (HR 4.160; 95% CI 1.174–14.744; p = 0.027) were associated with increased 
cardiovascular mortality. Regarding the correlation between triglyceride with outcomes, compared to the patients 
in quartile 2 of triglyceride, those in quartile 1 (HR 5.485; 95% CI 1.164–25.842; p = 0.031) were associated with 
increased cardiovascular mortality.

Risk of overall mortality. The median follow-up period was 11.6 (10.3–12.1) years, during which 78 of the 
429 patients (18.2%) died due to cardiovascular events (n = 32), malignancy (n = 6), infectious diseases (n = 34), 
gastrointestinal bleeding (n = 2), and others (n = 4).

Association of non-HDL cholesterol and overall mortality.  Table 3 shows the HRs of the non-HDL 
cholesterol quartiles for overall mortality with and without adjustments for demographic, clinical and biochemi-
cal data. Compared to the patients in quartile 2 of non-HDL cholesterol, those in quartile 1 (p = 0.025, p = 0.014, 
respectively), quartile 3 (p = 0.014, p = 0.013, respectively) and quartile 4 (p = 0.027, p = 0.031, respectively) were 
associated with increased overall mortality in the age- and sex-adjusted model and in multivariate model (1) 
adjusted for age, gender, smoking, diabetes mellitus, hypertension, coronary artery disease and congestive heart 
failure, underlying disease of CKD and body mass index (BMI). This relationship remained significant after fur-
ther adjustments for systolic blood pressure ≧ 140 mmHg, fasting glucose,  HbA1C, hemoglobin, eGFR < 30 ml/
min/1.73 m2, total calcium, phosphorous, proteinuria, aspirin, ACEI and/or ARB, β-blocker, calcium channel 
blocker , diuretics and statin and/or fibrate use. The patients in quartile 1 (HR 3.368; 95% CI 1.3881–8.176; 
p = 0.007), quartile 3 (HR 3.666; 95% CI 1.486–9.044; p = 0.005) and quartile 4 (HR 2.868; 95% CI 1.136–7.240; 
p = 0.026) of non-HDL cholesterol were significantly associated with increased overall mortality.

Figure 1A illustrates the adjusted curves of overall survival among the quartiles of non-HDL cholesterol. The 
patients in quartile 1, quartile 3 and quartile 4 of non-HDL cholesterol had worse overall survival than those 
in quartile 2. Figure 2A illustrates the associations between non-HDL cholesterol and overall mortality using a 
Cox proportional hazards model after adjusting for demographic data, comorbid conditions, laboratory data, 
and the use of medications.

Association of triglyceride and overall mortality.  Table 4 shows the HRs of the triglyceride quartiles 
for overall mortality with and without adjustments for demographic, clinical and biochemical data. Compared 
to the patients in quartile 2 of triglyceride, the patients in quartile 3 (HR 2.392; 95% CI 1.121–5.107; p = 0.024) of 
triglyceride were significantly associated with increased overall mortality after multivariate adjustments.
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Figure 3A illustrates the adjusted curves of overall survival among the quartiles of triglyceride. The patients 
in quartile 3 of triglyceride had worse overall survival than those in quartile 2. Figure 4A illustrates the asso-
ciations between triglyceride and overall mortality using a Cox proportional hazards model after multivariate 
adjustments.

Risk of cardiovascular mortality. Of the 32 cardiovascular deaths recorded during follow-up, 18 were 
due to heart failure, three due to myocardial infarction, and 11 due to ventricular fibrillation.

Association of non-HDL cholesterol and cardiovascular mortality.  Multivariate Cox proportional 
hazards regression analysis of the four study groups for cardiovascular mortality is shown in Table 3. Compared 
to the patients in quartile 2 of non-HDL cholesterol, those in quartile 3 (p = 0.026, p = 0.022, respectively) were 
associated with increased cardiovascular mortality in the age- and sex-adjusted model and in multivariate model 

Characteristics
Quartile 1 (< 116.2 mg/dl) 
(n = 107)

Quartile 2 (116.2–143.9 mg/dl) 
(n = 107)

Quartile 3 (143.2–174.9 mg/dl) 
(n = 108)

Quartile 4 (≧ 174.9 mg/dl) 
(n = 107)

Age (year) 66.6 ± 12.7 66.6 ± 12.0 66.1 ± 12.5 64.1 ± 11.9

Male gender (%) 62.6 65.4 65.7 55.1

Smoking (%) 33.6 64.6 60.6 32.7

Diabetes mellitus (%) 53.3 51.4 61.1 67.3

Hypertension (%) 74.8 86.0 81.5 86.0

Coronary artery disease (%) 11.2 14.0 13.0 10.3

Congestive heart failure (%) 13.1 10.3 11.1 15.9

Underlying disease of CKD (%)

 Diabetic kidney disease 51.4 47.7 54.6 62.6

 Non-diabetic glomerular disease 4.7 7.5 2.8 8.4

 Hypertension 35.5 30.8 25.0 21.5

 Gouty nephropathy 2.8 7.5 12.0 5.6

 Others 5.6 6.5 5.6 1.9

BMI (kg/m2) 24.2 ± 3.9 25.2 ± 3.8 26.1 ± 4.1* 25.8 ± 4.1*

Systolic blood pressure (mmHg) 137.3 ± 22.8 139.2 ± 17.0 146.0 ± 22.9* 144.6 ± 21.9

Diastolic blood pressure (mmHg) 75.7 ± 11.2 78.2 ± 10.6 82.3 ± 14.5* 81.7 ± 14.5*

Laboratory parameters

 Fasting glucose (mg/dl) 118.9 ± 45.7 118.4 ± 43.6 130.5 ± 62.0 138.9 ± 75.6

 HbA1C (%) 6.5 ± 1.1 6.5 ± 1.4 7.1 ± 2.1† 7.3 ± 2.0*†

 Triglyceride (mg/dl) 94 (66–128) 119 (92–166)* 167.5 (119–237.75)*† 200 (145–259)*†#

 Total cholesterol (mg/dl) 145.0 ± 25.1 175.7 ± 14.9* 200.6 ± 15.5*† 255.6 ± 37.9*†#

 HDL-cholesterol (mg/dl) 47.8 ± 18.0 44.9 ± 12.0 44.1 ± 13.1 44.9 ± 12.2

 LDL-cholesterol (mg/dl) 73.1 ± 18.4 96.1 ± 18.0* 112.6 ± 19.4*† 149.7 ± 35.4*†#

 Non-HDL cholesterol (mg/dl) 97.2 ± 16.5 130.8 ± 7.6* 156.5 ± 8.2*† 210.7 ± 34.5*†#

 Hemoglobin (g/dl) 11.1 ± 2.3 11.8 ± 2.4 11.5 ± 2.5 11.6 ± 2.2

 eGFR (ml/min/1.73 m2) 24.0 ± 14.6 27.6 ± 13.5 25.3 ± 13.7 23.7 ± 13.4

 Total calcium (mg/dl) 9.3 ± 0.9 9.4 ± 0.7 9.5 ± 0.9 9.5 ± 0.8

 Phosphorous (mg/dl) 4.3 ± 1.3 4.0 ± 1.0 4.1 ± 1.0 4.2 ± 0.9

 Proteinuria (%) 69.2 55.7 72.9† 77.6†

Medications

 Aspirin use (%) 21.0 23.6 22.6 32.7

 ACEI and/or ARB use (%) 66.7 76.4 78.3 72.1

 β-Blocker use (%) 26.7 23.6 36.8 38.5*

 Calcium channel blocker use (%) 42.9 54.7 59.4 63.5

 Diuretics use (%) 48.6 46.2 36.8 51.9

 Statin and/or fibrate use (%) 22.9 19.8 29.2 32.7

Outcome

 Overall mortality (%) 20.6 9.3 22.2 20.6

 Cardiovascular mortality (%) 8.4 2.8 11.1 7.5

Table 1.  Comparison of clinical characteristics according to quartiles of non-HDL cholesterol. The study 
patients were stratified into 4 groups according to quartiles of non-HDL cholesterol. HDL high-density 
lipoprotein, CKD chronic kidney disease, BMI body mass index, LDL low-density lipoprotein, eGFR estimated 
glomerular filtration rate, ACEI angiotensin converting enzyme inhibitor, ARB angiotensin II receptor blocker. 
*p < 0.05 compared with quartile 1; †p < 0.05 compared with quartile 2; #p < 0.05 compared with quartile 3.



4

Vol:.(1234567890)

Scientific RepoRtS |        (2020) 10:12749  | https://doi.org/10.1038/s41598-020-69794-2

www.nature.com/scientificreports/

Table 2.  Unadjusted relation of HDL-cholesterol, LDL-cholesterol, non-HDL cholesterol, and triglyceride 
quartiles to progression to overall and cardiovascular mortality using multivariate Cox proportional hazards 
model. Values expressed as hazard ratio and 95% confidence interval (CI). Abbreviations are the same as in 
Table 1.

Unadjusted

Overall mortality Cardiovascular mortality

Hazard ratio (95% CI) p Hazard ratio (95% CI) p

HDL-cholesterol

 Quartile 1 1.577 (0.818–3.040) 0.174 0.924 (0.311–2.750) 0.887

 Quartile 2 1.395 (0.719–2.706) 0.325 1.281 (0.477–3.439) 0.623

 Quartile 3 Reference Reference

 Quartile 4 1.336 (0.684–2.609) 0.397 1.436 (0.546–3.772) 0.463

LDL-cholesterol

 Quartile 1 1.542 (0.795–2.991) 0.200 1.262 (0.457–3.479) 0.653

 Quartile 2 1.498 (0.767–2.926) 0.237 1.445 (0.538–3.881) 0.465

 Quartile 3 Reference Reference

 Quartile 4 1.587 (0.823–3.058) 0.168 1.234 (0.447–3.403) 0.685

Non-HDL cholesterol

 Quartile 1 2.345 (1.111–4.953) 0.025 3.201 (0.867–11.824) 0.081

 Quartile 2 Reference Reference

 Quartile 3 2.486 (1.189–5.200) 0.016 4.160 (1.174–14.744) 0.027

 Quartile 4 2.287 (1.083–4.829) 0.030 2.772 (0.735–10.450) 0.132

Triglyceride

 Quartile 1 2.332 (0.918–5.924) 0.075 5.485 (1.164–25.842) 0.031

 Quartile 2 Reference Reference

 Quartile 3 2.161 (0.902–5.174) 0.084 2.974 (0.618–14.326) 0.174

 Quartile 4 1.211 (0.477–3.075) 0.688 1.794 (0.348–9.246) 0.485

Table 3.  Relation of non-HDL cholesterol quartiles to progression to overall and cardiovascular mortality 
using multivariate Cox proportional hazards model. Values expressed as hazard ratio and 95% confidence 
interval (CI). Abbreviations are the same as in Table 1. Multivariate model 1: adjusted for age, gender, smoking, 
diabetes mellitus, hypertension, coronary artery disease and congestive heart failure, underlying disease of 
CKD and BMI. Multivariate model 2: adjusted for age, gender, smoking, diabetes mellitus, hypertension, 
coronary artery disease and congestive heart failure, underlying disease of CKD, BMI, systolic blood pressure 
≧ 140 mmHg, fasting glucose,  HbA1C, hemoglobin, eGFR < 30 ml/min/1.73 m2, total calcium, phosphorous, 
proteinuria, aspirin, ACEI and/or ARB, β-blocker, calcium channel blocker, diuretics and statin and/or fibrate 
use.

Non-HDL cholesterol

Overall mortality Cardiovascular mortality

Hazard ratio (95% CI) p Hazard ratio (95% CI) p

Age and gender adjusted

 Quartile 1 2.357 (1.116–4.979) 0.025 3.231 (0.874–11.937) 0.079

 Quartile 2 Reference Reference

 Quartile 3 2.533 (1.211–5.300) 0.014 4.202 (1.185–14.899) 0.026

 Quartile 4 2.337 (1.103–4.952) 0.027 2.869 (0.758–10.863) 0.121

Multivariate adjusted (1)

 Quartile 1 2.534 (1.196–5.369) 0.015 3.518 (0.948–13.065) 0.060

 Quartile 2 Reference Reference

 Quartile 3 2.546 (1.210–5.358) 0.014 4.452 (1.246–15.916) 0.022

 Quartile 4 2.280 (1.070–4.859) 0.033 2.724 (0.714–10.390) 0.142

Multivariate adjusted (2)

 Quartile 1 3.368 (1.388–8.176) 0.007 19.503 (2.185–174.092) 0.008

 Quartile 2 Reference Reference

 Quartile 3 3.666 (1.486–9.044) 0.005 28.702 (2.990–275.559) 0.004

 Quartile 4 2.868 (1.136–7.240) 0.026 11.136 (1.126–110.108) 0.039
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(1), but those in quartile 1 (p = 0.079, p = 0.060, respectively) and quartile 4 (p = 0.121, p = 0.142, respectively) 
were not. After further adjustments in multivariate model (2), the patients in quartile 1 (HR 19.503; 95% CI 
2.185–174.092; p = 0.008), quartile 3 (HR 28.702; 95% CI 2.990 to 275.559; p = 0.004), and quartile 4 (HR 11.136; 
95% CI 1.126–110.108; p = 0.039) of non-HDL cholesterol were significantly associated with increased cardio-
vascular mortality.

Figure 1B illustrates adjusted curves of cardiovascular survival among the quartiles of non-HDL cholesterol. 
The patients in quartile 1, quartile 3, and quartile 4 of non-HDL cholesterol had worse cardiovascular survival 
than those in quartile 2. Figure 2B illustrates the associations between non-HDL cholesterol and cardiovascular 
mortality using a Cox proportional hazards model after multiple adjustments.

Association of triglyceride and cardiovascular mortality.  Table 4 shows the HRs of the triglyceride 
quartiles for cardiovascular mortality with and without adjustments for demographic, clinical and biochemical 
data. Compared to the patients in quartile 2 of triglyceride, the patients in quartile 1 (HR 5.545; 95% CI 1.319–
23.315; p = 0.019), and quartile 3 (HR 5.453; 95% CI 1.169–25.430; p = 0.031) of triglyceride were significantly 
associated with increased cardiovascular mortality after multivariate adjustments.

Figure 3B illustrates the adjusted curves of overall survival among the quartiles of triglyceride. The patients 
in quartile 1 and quartile 3 of triglyceride had worse cardiovascular survival than those in quartile 2. Figure 4B 

Figure 1.  (A) Adjusted curves of overall survival among quartiles of non-HDL cholesterol. The group 
with quartile 1, quartile 3, and quartile 4 of non-HDL cholesterol had worse overall survival than that with 
quartile 2 of non-HDL cholesterol; (B) Adjusted curves of cardiovascular survival among quartiles of non-
HDL cholesterol. The group with quartile 1, quartile 3, and quartile 4 of non-HDL cholesterol had worse 
cardiovascular survival than that with quartile 2 of non-HDL cholesterol.

Figure 2.  Associations of non-HDL cholesterol with overall (A) and cardiovascular (B) mortality in CKD 
examined using a Cox proportional hazards model after adjusting for demographics, comorbid conditions, 
laboratory data, and use of medications.
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illustrates the associations between triglyceride and cardiovascular mortality using a Cox proportional hazards 
model after multivariate adjustments.

Table 4.  Relation of triglyceride quartiles to progression to overall and cardiovascular mortality using 
multivariate Cox proportional hazards model. Values expressed as hazard ratio and 95% confidence interval 
(CI). Abbreviations are the same as in Table 1. Multivariate model 1: adjusted for age, gender, smoking, 
diabetes mellitus, hypertension, coronary artery disease and congestive heart failure, underlying disease of 
CKD and BMI. Multivariate model 2: adjusted for age, gender, smoking, diabetes mellitus, hypertension, 
coronary artery disease and congestive heart failure, underlying disease of CKD, BMI, systolic blood pressure 
≧ 140 mmHg, fasting glucose,  HbA1C, hemoglobin, eGFR < 30 ml/min/1.73 m2, total calcium, phosphorous, 
proteinuria, aspirin, ACEI and/or ARB, β-blocker, calcium channel blocker , diuretics and statin and/or fibrate 
use.

Non-HDL cholesterol

Overall mortality Cardiovascular mortality

Hazard ratio (95% CI) p Hazard ratio (95% CI) p

Age and gender adjusted

 Quartile 1 1.612 (0.809–3.210) 0.175 2.717 (0.846–8.726) 0.093

 Quartile 2 Reference Reference

 Quartile 3 1.880 (0.971–3.640) 0.061 2.432 (0.747–7.918) 0.140

 Quartile 4 1.480 (0.747–2.933) 0.262 2.319 (0.713–7.542) 0.162

Multivariate adjusted (1)

 Quartile 1 1.835 (0.911–3.696) 0.089 3.180 (0.966–10.470) 0.057

 Quartile 2 Reference Reference

 Quartile 3 1.874 (0.950–3.697) 0.070 2.465 (0.736–8.263) 0.144

 Quartile 4 1.501 (0.741–3.039) 0.259 2.544 (0.758–8.538) 0.131

Multivariate adjusted (2)

 Quartile 1 2.081 (0.968–4.475) 0.061 5.545 (1.319–23.315) 0.019

 Quartile 2 Reference Reference

 Quartile 3 2.392 (1.121–5.107) 0.024 5.453 (1.169–25.430) 0.031

 Quartile 4 1.599 (0.706–3.623) 0.261 3.840 (0.793–18.597) 0.095

Figure 3.  (A) Adjusted curves of overall survival among quartiles of triglyceride. The group with quartile 
3 of triglyceride had worse overall survival than that with quartile 2 of triglyceride; (B) Adjusted curves of 
cardiovascular survival among quartiles of triglyceride. The group with quartile 1, and quartile 3 of triglyceride 
had worse cardiovascular survival than that with quartile 2 of triglyceride.
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Discussion
In this study, we evaluated the association between non-HDL cholesterol and mortality in patients with CKD 
stages 3–5. Our results showed that both a lower and higher quartile of non-HDL cholesterol were significantly 
associated with both overall and cardiovascular mortality in stage 3–5 CKD patients. In addition, non-HDL 
cholesterol appeared to be a stronger predictor of future mortality than LDL cholesterol, HDL cholesterol in 
these patients.

There are several potential advantages to using non-HDL cholesterol as an index of lipid abnormality in 
patients with CKD. First, it provides an assessment of all atherogenic lipoproteins including LDL, intermediate-
density lipoprotein, very LDL, and lipoprotein(a). Patients with CKD have a different serum lipid profile pat-
tern to the general population. Dyslipidemia in patients with CKD is characterized by hypertriglyceridemia, 
increases in triglyceride-rich remnant lipoproteins and lipoprotein(a), and a reduction in HDL  cholesterol28. 
Accordingly, the contribution of other lipoproteins may be missed if only one lipoprotein level is used. We also 
found a similar pattern of a nonlinear relationship with mortality when using LDL cholesterol and HDL choles-
terol as the exposure variables, however the results were not statistically significant. Therefore, serum non-HDL 
cholesterol level may be a more comprehensive marker of dyslipidemia in patients with CKD. Second, non-HDL 
cholesterol can easily be calculated from total cholesterol and HDL cholesterol, which are readily available from 
a standard lipid profile. Moreover, total cholesterol and HDL cholesterol can be measured accurately even in a 
non-fasting state as opposed to LDL cholesterol. Third, non-HDL cholesterol has been reported in several stud-
ies to be superior to LDL cholesterol in predicting CVD  risk12,16,17. In addition, many studies have also reported 
strong positive associations between serum levels of non-HDL cholesterol and adverse cardiovascular outcomes 
in patients with  CKD18–20.

One important finding of our study is that the CKD patients with higher serum non-HDL cholesterol levels 
had an increased risk of mortality, which is similar to the general population. There are several potential expla-
nations for the underlying mechanisms of this relationship. First, non-HDL cholesterol includes all potentially 
atherogenic lipids, and it has been shown to be a good surrogate marker of triglycerides and their  remnants29. 
Higher risks of fatty streaks, vascular stenosis, carotid intima-media thickness and angiographic progression 
of coronary artery disease have also been reported to be positively associated with serum non-HDL cholesterol 
 levels30. Second, levels of non-HDL cholesterol have been reported to be well correlated with levels of apolipopro-
tein B (ApoB), the major protein on pro-atherogenic  lipoproteins31. Every pro-atherogenic lipoprotein, including 
very LDL, very LDL remnants, LDL and lipoprotein(a) particles, contain one molecule of ApoB. Experimental 
data have shown that the atherogenicity of lipoproteins containing ApoB is associated with subendothelial 
retention, arterial wall proteoglycans, and proinflammatory  properties32. Third, an inverse correlation between 
non-HDL cholesterol and LDL particle size has been  reported33, with small dense LDL particles being more 
prone to oxidization and consequently being more atherogenic. In addition, prospective studies have reported 
associations between the preferential accumulation of small dense LDL particles and an increased risk of cardio-
vascular  events34–36. Moreover, individuals with a preferential accumulation of small dense LDL particles have 
been shown to have higher levels of triglycerides and total cholesterol and a lower level of HDL  cholesterol37, 
which are all features of dyslipidemia in patients with CKD.

Another important finding of this study is that the patients with lower serum non-HDL cholesterol levels 
also had a poor prognosis. Non-HDL cholesterol levels are calculated by subtracting HDL cholesterol levels 
from total cholesterol levels, and a low non-HDL cholesterol level could represent a low total cholesterol or high 
HDL cholesterol level. Several observational studies have reported an association between the risk of mortality 
and a lower total cholesterol level among patients with CKD, possibly due to the high prevalence of malnutri-
tion and  inflammation38,39. Malnutrition can lead to worse outcomes by worsening existing inflammation and 
hastening the progression of  atherosclerosis40–42. On the other hand, a recent study demonstrated a U-shaped 
association between mortality and HDL cholesterol both in patients with and without kidney  disease43. In addi-
tion, a large cohort study of 38,377 patients with an eGFR 15–59 ml/min/1.73 m2 reported that a serum HDL 

Figure 4.  Associations of triglyceride with overall (A) and cardiovascular (B) mortality in CKD examined 
using a Cox proportional hazards model after adjusting for demographics, comorbid conditions, laboratory 
data, and use of medications.
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cholesterol level > 60 mg/dl was associated with higher risks of all-cause and cardiovascular mortality in male 
CKD  patients44. Although low HDL cholesterol is a typical feature of lipid disturbance in CKD, many reports 
have demonstrated a decrease in HDL antioxidants and anti-inflammatory activity in patients with CKD at 
any  stage45–47. Furthermore, many studies have demonstrated that HDL cholesterol can change from an anti-
inflammatory to a pro-inflammatory molecule in patients with advanced  CKD48,49. It is therefore plausible that 
HDL cholesterol in such patients can paradoxically increase their cardiovascular risk leading to a worse outcome 
regardless of the serum concentration of HDL cholesterol. The combination of these two factors may explain 
the findings of the present study.

The last important finding of this study is that the patients with both lower and higher serum triglyceride 
levels also had an increased risk of overall and cardiovascular mortality among CKD stage 3–5 patients. The 
relationship between triglyceride and mortality or cardiovascular outcomes in CKD population was inconsistent 
in previous studies. Kovesdy et al.25 reported the association of lower triglyceride levels with higher overall and 
cardiovascular mortality in pre-dialysis patients. Nonetheless, the inverse association between triglycerides and 
mortality was weakened after adjustment for malnutrition-inflammation-cachexia syndrome. Shlipak et al.50 
also demonstrated similar findings in a community-based cohort of elderly persons with CKD. Moreover, in a 
cohort of nondiabetic stage 3 to 4 CKD subjects, Chawla et al.22 suggested that hyperlipidemia did not appear 
to be independently associated with higher risk for overall and cardiovascular mortality. On the other hand, 
among a large cohort of U.S. veterans, Soohoo et al.51 showed a U-shaped association between triglycerides and 
all-cause mortality and cardiovascular outcome in patients with CKD stage 3 to 4, although there were no sta-
tistics significance in subjects with CKD stage 5. In the present study, both lower and higher triglyceride levels 
were associated with poor prognosis in patients with CKD stage 3 to 5.

Although LDL cholesterol is the main therapeutic target for patients with CKD, evaluating complete lipid 
profiles including total cholesterol, LDL cholesterol, HDL cholesterol, triglycerides, and non-HDL choles-
terol is recommended by the current Kidney Disease: Improving Global Outcomes (KDIGO) clinical practice 
 guidelines52. The current KDIGO guidelines also recommend the use of statins for all patients aged > 50 years 
who are not receiving chronic dialysis or have undergone a kidney transplantation regardless of LDL choles-
terol level. Current evidence suggests against the use of LDL cholesterol to identify CKD patients who should 
receive cholesterol-lowering treatment due to the inconclusive association between dyslipidemia and mortality 
in patients with CKD. In the Study of Heart and Renal Protection (SHARP)  trial27, statin therapy targeting serum 
LDL cholesterol levels in CKD patients was not shown to improve cardiovascular or overall survival. In addition, 
in the present study, we demonstrated a U-shaped relationship between mortality and non-HDL cholesterol. Our 
results showed that the patients with very low levels of serum non-HDL cholesterol, which is recommended as 
ideal or optimal by current guidelines, also had a poor prognosis. Therefore, the decision to initiate statin treat-
ment in patients with CKD should focus on the underlying cardiovascular risk and malnutrition-inflammation 
status, not just the lipid profile.

There are several limitations to this study. First, the sample size and number of events were small, and the 
study patients were included from one regional hospital in southern Taiwan. Thus, the generalizability of our 
results may be limited. Second, we evaluated baseline serum non-HDL cholesterol levels only once. The subse-
quent use of lipid-modifying medication could have altered the lipid levels in some subjects and may have led 
to some misclassifications. However, such measurements are supported by the current KDIGO clinical practice 
guidelines, which recommend evaluating the lipid profile only at the initial  presentation52. Third, we lacked 
details of lipoprotein fractions (including apolipoprotein A and ApoB levels) to explain potential mechanistic 
pathways responsible for the observed associations. Lastly, some important variables influencing CKD outcomes 
(e.g. alcohol consumption habit, heart rate, arrhythmia, urine protein-to-creatinine or albumin to creatinine 
ratio, sodium, potassium, hematuria or renal ultrasonography) were lacking.

This study of patients with CKD stage 3–5 showed a U-shaped relationship between quartiles of serum 
non-HDL cholesterol and the risk of cardiovascular and overall mortality. Serum non-HDL cholesterol levels 
may be a more accurate marker of outcomes than conventional lipid measurements. Further studies are needed 
to investigate the potential value of using non-HDL cholesterol as a primary target for lipid management in 
patients with CKD.

Study patients and methods
Study patients and design. This study was conducted in a regional hospital in southern Taiwan. We 
consecutively enrolled 505 pre-dialysis patients with CKD stage 3 to 5 according to the National Kidney Foun-
dation-Kidney Disease Outcomes Quality Initiative (K/DOQI)  guidelines53 from our Outpatient Department of 
Internal Medicine from May 2006 to January 2010. All of the patients had evidence of kidney damage lasting for 
at least 3 months. The stages of CKD were defined according to estimated glomerular filtration rate (eGFR) as 
follows: stage 3, 30 to 59 ml/min/1.73 m2; stage 4, 15 to 29 ml/min/1.73 m2; and stage 5, < 15 ml/min/1.73 m2. 
Seventy-six patients without complete lipid measurements during the enrollment period were excluded, and 
the remaining 429 patients (mean age 65.9 ± 12.3 years, 267 males) were included in this study. The study pro-
tocol was approved by the Institutional Review Board of Kaohsiung Medical University Hospital, and all of the 
patients provided written informed consent to participate in this study. All methods were carried out in accord-
ance with the approved guidelines.

collection of demographic, medical and laboratory data. Baseline variables including demographic 
features (age and sex), smoking history, medical history (diabetes mellitus, hypertension, coronary artery disease 
and congestive heart failure), systolic and diastolic blood pressure, underlying disease of CKD, BMI, labora-
tory data (fasting glucose,  HbA1C, hemoglobin, triglycerides, total cholesterol, LDL cholesterol, HDL choles-
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terol, non-HDL cholesterol, total calcium, phosphate and proteinuria), and medication history (aspirin, ACEI 
and/or ARB, β-blocker, calcium channel blocker, diuretics, statins and fibrates). The demographic features were 
obtained at baseline, and medical histories were obtained by chart review. Fasting blood samples and urine 
samples were obtained within 1 month of enrollment, and laboratory tests were performed on an autoanalyzer 
(Roche Diagnostics GmbH, D-68298 Mannheim COBAS Integra 400). Serum creatinine levels were evaluated 
using the compensated Jaffé (kinetic alkaline picrate) method on a Roche/Integra 400 Analyzer (Roche Diag-
nostics, Mannheim, Germany) using a calibrator traceable to isotope-dilution mass  spectrometry54. The eGFR 
was calculated using the 4-variable Modification of Diet in Renal Disease (MDRD)  equation55. Dipstick tests 
were used to assess proteinuria (Hema-Combistix; Bayer Diagnostics, Dublin, Ireland), with a test result of ≥ 1 + 
being defined as positive.

Definition  of  overall  and  cardiovascular mortality.  Two cardiologists confirmed and ascertained 
cases of overall and cardiovascular death from medical records, and disagreements were resolved through con-
sensus with a third cardiologist. Patients were followed until death or until January 2020.

Statistical analysis. Statistical analysis was performed using SPSS version 19.0 for Windows (SPSS Inc. 
Chicago, USA). Data were expressed as percentage, mean ± standard deviation, or median (25th–75th percen-
tile) for triglycerides. Among-group comparisons were performed using one-way analysis of variance followed 
by a Bonferroni post hoc test. Cox proportional hazards analysis was used to investigate relationships between 
quartiles of lipid profiles with overall and cardiovascular mortality. Quartile 3 of HDL-cholesterol and LDL-
cholesterol and quartile 2 of triglyceride non-HDL cholesterol were used as reference categories according to the 
lowest incidence rate. Associations between quartiles of non-HDL cholesterol and triglyceride between overall 
and cardiovascular mortality were assessed using three models as follows: (1) age and sex; (2) clinical risk factors 
were added; and (3) biochemical factors were added. Adjusted survival curves for overall and cardiovascular 
survival were illustrated using Cox regression analysis. A difference was considered to be significant at p < 0.05.
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