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Serum Non-High-Density Lipoprotein Cholesterol and Risk of
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Aim: It is not clear whether elevated serum non-high-density lipoprotein cholesterol (non-HDL-C)
levels are a risk factor for cardiovascular disease (CVD) in subjects with chronic kidney disease
(CKD) in the general population.

Methods: A total of 2,630 community-dwelling Japanese subjects (1,107 men and 1,523 women)
without history of CVD and aged >40 years were prospectively followed up for an average of 19
years, and the association between serum non-HDL-C levels and the incidence of type-specific CVD
was estimated using a Cox proportional hazards model. CKD was defined as estimated glomerular
filtration rate <60 mL/min/1.73 m” or proteinuria (= 1+ on dipstick).

Results: At baseline, 357 subjects had CKD. During the follow up, 186 coronary heart disease
(CHD) and 277 stroke events occurred. The age- and sex-adjusted incidence of CHD was signifi-
cantly higher in subjects with higher non-HDL-C levels, both in those with and without CKD. In
the CKD group, the risk of CHD was significantly higher in those with non-HDL-C levels of 150—
189 mg/dL [adjusted hazard ratio (HR), 2.23; 95% confidence interval (CI), 1.04—4.77] and those
with levels 2190 mg/dL (adjusted HR, 3.20; 95% CI, 1.46—7.03) than in those with levels <150
mg/dL. In the non-CKD group, the risk of CHD was significantly higher only in those with non-
HDL-C levels 2190 mg/dL (adjusted HR, 2.12; 95% CI, 1.33—3.38). However, no such association
was observed for the risk of stroke.

Conclusions: Our findings suggest that higher serum non-HDL-C levels are associated with greater
risk of CHD in subjects with and without CKD and that this association is greater in subjects with
CKD than in those without CKD.
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Introduction
Chronic kidney disease (CKD) is a major public

health concern worldwide because the prevalence of
CKD has increased in many countries”, and subjects
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with CKD are at an increased risk of not only end-
stage renal disease but also cardiovascular disease
(CVD)?* ?. Therefore, it is clinically important to
reduce the risk of CVD through the management of
cardiovascular risk factors in subjects with CKD. Dys-
lipidemia is a well-known risk factor for CVD. Because
dyslipidemia is common in subjects with CKD, lipid
management and treatment would be important for
the risk reduction of CVD in those with CKD*. How-
ever, the pattern of dyslipidemia in subjects with CKD
differs from that observed in the general population;
there is a greater tendency for elevation of triglyceride
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levels and reduction of high-density lipoprotein cho-
lesterol (HDL-C) levels in subjects with CKD>”.
High serum low-density lipoprotein cholesterol (LDL-
C) levels are one of the established risk factors for
CVD in the general population, but the importance
of measuring LDL-C levels to assess prognosis in sub-
jects with CKD remains controversial®. Therefore, it
would be of clinical value to identify a lipid indicator
for cardiovascular risk in subjects with CKD.

A serum non-HDL-C level, which is obtained
from a routine lipid panel, is a comprehensive measure
of atherogenic lipids, including LDL-C, lipoprotein
(a), intermediate-density lipoprotein (IDL), and very-
LDL (VLDL) remnants. Growing evidence suggests
that elevated serum non-HDL-C levels are related to
an increased risk of CVD events in the general popu-
lation®'¥. Serum non-HDL-C levels has also been
reported to be a better index for future coronary heart
disease (CHD) than other lipids such as LDL-C".
With regard to subjects with CKD, several prospective
studies conducted in Western countries have reported
that elevated non-HDL cholesterol levels is a signifi-
cant risk factor for CHD in the general population
and subjects with CKD'®'”. However, it has not been
fully determined whether serum non-HDL-C levels
are involved in CVD events in Asian subjects with
early-stage CKD, although significant positive associa-
tions between serum non-HDL-C levels and CVD
morbidity and mortality have been shown among Jap-
anese patients undergoing hemodialysis'*2?. In addi-
tion, there is limited information on the combined
effect of non-HDL-C levels and CKD on the risk of
subtypes of CVD. Herein, we present the findings
from a prospective cohort study investigating the asso-
ciation between serum non-HDL-C levels and the risk
of type-specific CVD among subjects with and with-
out CKD in the general Japanese population.

Methods

Study Population

The Hisayama Study is a population-based cohort
study of CVD that was established in 1961 in the
town of Hisayama?". Hisayama is a suburban com-
munity adjacent to the city of Fukuoka on Kyushu
Island in southern Japan. The design and characteris-
tics of the study have been described elsewhere??%. In
1988, a total of 2,742 >40-year-old residents con-
sented to participate in the screening examination
(participation rate: 80.9%). After excluding 106 resi-
dents with a history of CHD or stroke, two who died
before the start of follow up, and four with missing
data, the remaining 2,630 subjects (1,107 men and
1,523 women) were enrolled in this study. The study

protocol was approved by the Kyushu University Insti-
tutional Review Board for Clinical Research. The par-
ticipants provided written informed consent.

Follow-Up Survey

The subjects were prospectively followed up for
19 years from December 1988 to November 2007.
The health status was checked either by annual health
examination, mail, or telephone every year. We also
established a daily monitoring system among the study
team, local physicians, and the members of the town’s
Health and Welfare Office to collect information on
new events or suspected cases of CVD. Physicians in
the study team examined subjects who had or were
suspected of having CHD or stroke, and evaluated
their detailed clinical information. When a resident
died, an autopsy was performed at the Department of
Pathology of the Kyushu University. During the fol-
low-up period, no subject was lost to follow up, and
842 subjects died, of whom 605 (71.9%) underwent
autopsy.

Definition of CKD

Serum creatinine levels were measured by the
non-compensated Jaffé method. The Jaffé method
value was converted to an enzymatic method value
using the following conversion equation®:
serum creatinine [enzymatic method (mg/dL)]=0.9754
x serum creatinine [Jaffé method (mg/dL)] —0.2802

Estimated glomerular filtration rate (eGFR) was
calculated according to the modified Japanese Society
of Nephrology Chronic Kidney Disease Initiative (JSN-
CKDI) equation?. Other formulas for calculating
eGFR, including the Chronic Kidney Disease Epide-
miology Collaboration (CKD-EPI) equation, were
used for the sensitivity analysis*”’. CKD was defined
as proteinuria (>1+ on dipstick) or e GFR <60 mL/
min/1.73 m* according to the Kidney Disease: Improv-

ing Global Outcomes (KDIGO) guideline®.

Risk Factors

In 2,525 subjects, blood samples were drawn
after an overnight fast of at least 12 h. In the remain-
ing 105 subjects, blood samples were collected in the
postprandial state. Serum total cholesterol and HDL-C
levels were measured enzymatically. Serum non-HDL-
C levels were calculated by subtracting HDL-C from
total cholesterol values. Diabetes mellitus was defined
as a fasting plasma glucose level of 126 mg/dL, 2-h
post-loaded or casual glucose level of 2200 mg/dL, or
current use of insulin or oral glucose-lowering agents.
Serum albumin levels were measured using the bro-
mocresol green dye-binding method. Serum speci-
mens were stored at —20C until they were used in
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Table 1. Age- and sex-adjusted means and frequencies of risk factors for cardiovascular disease according to non-HDL-C levels by

CKD status
CKD (-) CKD (+)
Serum non-HDL-C levels, mg/dL Serum non-HDL-C levels, mg/dL
<150 150-189 >190 <150 150-189 >190
(n=1,089) (n=753) (n=431) (n=141) (n=118) (n=98)
Age, years 57 (11) 58 (12) 59 (12) 68 (11) 66 (11) 66 (11)
Men, % 48.3 38.9 29.0 59.4 38.6 34.0
Systolic blood pressure, mmHg 132 (20) 133 (20) 135 (20) 142 (20) 140 (20) 143 (20)
Diastolic blood pressure, mmHg 77 (11) 78 (11) 79 (11) 82 (11) 81 (11) 82 (11)
Antihypertensive medication, % 9.5 11.3 15.9 22.0 25.1 30.0
Diabetes mellitus, % 8.1 11.4 19.5 13.1 17.2 19.4
Serum total cholesterol, mg/dL 172 (22) 218 (22) 263 (22) 177 (22) 218 (22) 271 (22)
Serum HDL cholesterol, mg/dL 51 (12) 50 (12) 49 (12) 51(12) 50 (12) 48 (12)
Body mass index, kg/m? 22.2(3.1) 23.1(3.1) 23.7 (3.1) 22.8(3.1) 23.9 (3.1) 23.5(3.1)
Serum albumin, g/dL 4.2(0.2) 4.3(0.2) 4.3(0.2) 4.2(0.2) 4.3(0.2) 4.3(0.2)
Serum hs-CRP, mg/L 0.45 (0.04-5.24)  0.51 (0.04-5.98) 0.66 (0.05-7.81) 0.59 (0.05-7.59) 0.68 (0.06-8.21) 0.72 (0.06-8.45)
eGFR, mL/min/1.73 m? 84 (16) 82 (16) 81 (16) 66 (16) 65 (16) 62 (16)
Proteinuria, % 0.0 0.0 0.0 54.9 54.3 50.1
ECG abnormalities, % 17.3 15.5 10.2 21.0 18.8 17.2
Smoking habits, % 23.4 19.6 20.9 18.1 21.0 16.1
Alcohol intake, % 31.2 23.5 22.0 33.7 26.0 15.7
Regular exercise, % 16.4 16.4 19.9 15.7 19.5 14.9

Data are the means (SD) or percentages. Means of age are sex-adjusted and frequencies of sex are age-adjusted.
Geometric mean values (95% confidence interval) of serum hs-CRP are shown due to skewed distribution.
CKD was defined as proteinuria (dipstick >1+) or ¢GFR <60 mL/min/1.73 m?, which was calculated by using the modified Japanese Society of

Nephrology Chronic Kidney Disease Initiative (JSN-CKDI) equation.

Abbreviations: CKD, chronic kidney disease: non-HDL-C, non-high-density lipoprotein cholesterol; ¢GFR, estimated glomerular filtration rate;
HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; ECG, electrocardiogram; SD, standard deviation.

2002 for the measurement of high-sensitivity C-reac-
tive protein (hs-CRP) levels®”. Blood pressure was
measured three times using a standard mercury sphyg-
momanometer in the sitting position after resting for
at least 5 min. The mean of three measurements was
used for the analysis. Body height and weight were
measured in light clothing without shoes, and the body
mass index (kg/m?) was calculated. Electrocardiogram
(ECG) abnormalities were defined as left-ventricular
hypertrophy (Minnesota code 3-1), ST depression
(Minnesota code 4-1, 2, 3), or atrial fibrillation (Min-
nesota code 8-3). Each participant completed a self-
administered questionnaire covering medical history,
treatment for hypertension and diabetes, smoking hab-
its, alcohol intake, and exercise. Smoking habits and
alcohol intake were classified into currently habitual or
not. The subjects who engaged in sports or other forms
of exertion at least three times a week during their lei-
sure time were included in the regular exercise group.

Definition of CVD Events
CVD was defined as first-ever development of
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CHD or stroke. CHD was defined as acute myocar-
dial infarction, silent myocardial infarction, sudden
cardiac death within 1 h of the onset of acute illness,
or included those who had undergone coronary inter-
vention (coronary artery bypass surgery or angioplasty).
Acute myocardial infarction was diagnosed using the
criteria described elsewhere®”. Stroke was defined as
an acute onset of nonconvulsive and focal neurological
deficit lasting for more than 24 h. All CVD events
were adjudicated on the basis of physical examination,
a review of all available clinical data, including medi-
cal records and brain imaging, and autopsy findings
by a panel of the study members.

Statistical Analysis

Subjects were categorized into three groups on
the basis of serum non-HDL-C levels; <150, 150—
189, and 2190 mg/dL, according to the Japan Ath-
erosclerosis Society Guidelines, in which the treatment
goals for serum non-HDL-C levels are set at <190
and <150 mg/dL for those with low and high cardio-

vascular risk®”. The adjusted mean values of possible
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Table 2. Age- and sex-adjusted incidence (per 1000 person-years) of cardiovascular disease according to non-HDL-C levels by

CKD status

CKD (-)

CKD (+)

Serum non-HDL-C levels, mg/dL

Serum non-HDL-C levels, mg/dL

<150 150-189 >190 p for <150 150-189 >190 p for
(n=1,089)  (n=753) (n=431) wend  (n=141) (n=118) (»=98) trend
Cardiovascular disease
No. of events 145 100 74 38 32 33
Person-years 17,207 12,367 7,162 1,691 1,552 1,248
Age- and sex-adjusted incidence 10.9 11.5 13.4 0.1 16.8 20.2 22.2 0.1
Coronary heart disease
No. of events 53 45 36 16 17 19
Person-years 17,743 12,794 7,326 1,795 1,637 1,341
Age- and sex-adjusted incidence 3.8 4.3 7.7 0.002 6.3 11.1 12.5 0.02
Stroke
Ischemic stroke
No. of events 76 54 34 16 19 13
Person-years 17,324 12,480 7,296 1,717 1,594 1,301
Age- and sex-adjusted incidence 5.7 7.1 5.4 0.8 6.5 11.4 7.7 0.7
Hemorrhagic stroke
No. of events 27 14 9 10 1 4
Person-years 17,324 12,480 7,296 1,717 1,594 1,301
Age- and sex-adjusted incidence 1.9 1.4 1.2 0.3 4.9 0.4 2.5 0.3

Abbreviations: CKD, chronic kidney disease; non-HDL-C, non-high-density lipoprotein cholesterol.

risk factors were calculated using an analysis of covari-
ance. The frequencies of risk factors were adjusted for
age and sex using a logistic regression model. The lin-
ear trends in the mean values and frequencies of risk
factors across serum non-HDL-C levels were tested
using linear regression analysis and logistic regression
analysis, respectively. The incidence of CVD was cal-
culated by a person-year method and adjusted for age
and sex distribution of the overall study population
using a direct method with 10-year age and sex group-
ings. The hazard ratios (HRs) with their 95% confi-
dence intervals (Cls) and linear trends of risk estimates
across serum non-HDL-C levels were estimated using
a Cox proportional hazards model. Heterogeneity in
the relationship between subgroups according to the
presence of CKD was tested by adding a multiplica-
tive interaction term to the relevant model. All statisti-
cal analyses were performed using the SAS program
package version 9.3 (SAS Institute Inc., Cary, NC,
USA). Two-tailed p values <0.05 were considered sta-
tistically significant.

Results
Among all subjects, 357 (13.6%) had CKD. The

age- and sex-adjusted mean values and frequencies of

risk factors for CVD are listed according to serum
non-HDL-C levels by CKD status in Table 1. In the
non-CKD group, the mean values of age, systolic and
diastolic blood pressures, serum total cholesterol lev-
els, body mass index, serum albumin levels, serum hs-
CRP levels, and the frequencies of antihypertensive
medication and diabetes mellitus increased with ele-
vating serum non-HDL-C levels. In contrast, the
mean values of serum HDL-C levels and ¢GFR and
the proportions of men, ECG abnormalities, and alco-
hol intake decreased with higher serum non-HDL-C
levels. Similar associations were observed for the CKD
group, except for mean age and systolic and diastolic
blood pressure levels.

During the follow-up period, a total of 422 sub-
jects experienced CVD; 186 had CHD and 277 had
stroke. Table 2 shows the age- and sex-adjusted inci-
dences of CVD, CHD, and stroke according to serum
non-HDL-C levels by CKD status. There were no sig-
nificant associations between serum non-HDL-C lev-
els and the age- and sex-adjusted incidence of CVD in
the group with or without CKD. With respect to
CVD subtypes, the age- and sex-adjusted incidence of
CHD increased significantly with elevating serum non-
HDL-C levels in the groups with and without CKD
(with or without CKD subjects p for trend <0.05),
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Table 3. Age- and sex-adjusted and multivariable-adjusted HR for the development of cardiovascular disease according to non-

HDL-C levels by CKD status

CKD (-)

CKD (+)

Serum non-HDL-C levels, mg/dL

Serum non-HDL-C levels, mg/dL

<150 150-189 >190 p for <150 150-189 >190 p for
(2=1,089) (n=753) (n=431) trend (z=141) (n=118) (n=98) trend
Cardiovascular disease
No. of events 145 100 74 38 32 33
Age- and sex-adjusted HR (95% CI) 1.00 1.00 (0.78-1.30) 1.30 (0.97-1.73) 0.1 1.00 1.14 (0.70-1.85) 1.48 (0.91-2.41) 0.1
Multivariable-adjusted HR (95% CI)* 100 1.00 (0.77-1.31) 1.33 (0.98-1.81) 0.1 1.00 117 (0.70-1.97) 1.52 (0.89-2.58) 0.1
Coronary heart disease
No. of events 53 45 36 16 17 19
Age- and sex-adjusted HR (95% CI) 1.00 1.32 (0.88-1.97) 2.04 (1.32-3.16) 0.002 1.00 1.69 (0.84-3.41) 2.36(1.18-4.72) 0.02
Multivariable-adjusted HR (95% CI)* 100 1.31(0.86-1.99) 2.12(1.33-3.38) 0.002  1.00  2.23 (1.04-4.77) 3.20 (1.46-7.03) 0.004
Stroke
Ischemic stroke
No. of events 76 54 34 16 19 13
Age- and sex-adjusted HR (95% CI) 1.00 1.01 (0.71-1.44) 1.06 (0.70-1.60) 0.8 1.00 1.38 (0.70-2.73) 1.14 (0.53-2.42) 0.7
Multivariable-adjusted HR (95% CI)* 1.00  1.03(0.72-1.48) 1.06 (0.68-1.65) 0.8 100 1.28(0.60-2.73) 1.11 (0.49-2.54) 0.8
Hemorrhagic stroke
No. of events 27 14 9 10 1 4
Age- and sex-adjusted HR (95% CI) 100 0.70 (0.37-1.34) 0.75 (0.35-1.62) 0.3 1.00  0.14(0.02-1.08) 0.68 (0.20-2.28) 0.3
Multivariable-adjusted HR (95% CI) 2 1.00 0.67 (0.35-1.31) 0.74 (0.33-1.66) 0.3 1.00 0.17 (0.02-1.45) 0.72(0.19-2.73) 0.5

4Adjusted for age, sex, systolic blood pressure, antihypertensive medication, diabetes, body mass index, serum albumin, serum high-sensitivity
C-reactive protein, electrocardiogram abnormalities, smoking habits, alcohol intake, and regular exercise.
Abbreviations: CKD, chronic kidney disease; non-HDL-C, non-high-density lipoprotein cholesterol; HR, hazard ratio; CI, confidence interval.

but no such associations were observed for ischemic or
hemorrhagic stroke. These associations were not sub-
stantially altered after adjusting for age, sex, systolic
blood pressure, antihypertensive medication, diabetes,
body mass index, serum albumin and hs-CRP levels,
ECG abnormalities, smoking habits, alcohol intake,
and regular exercise (Table 3). The multivariable-
adjusted HRs of CHD increased significantly with
higher serum non-HDL-C levels in the groups with
and without CKD (both p for trend <0.01). In the
CKD group, the risk of CHD became significantly
higher in subjects with non-HDL-C levels of 150—
189 mg/dL (adjusted HR, 2.23; 95% CI, 1.04—-4.77)
and in those with levels of 2 190 mg/dL (adjusted HR,
3.20; 95% CI, 1.46—7.03) than in those with levels
of <150 mg/dL, whereas the risk of CHD was signifi-
cantly higher only in those with non-HDL-C levels of
>190 mg/dL (adjusted HR, 2.12; 95% CI, 1.33—3.38)
in the non-CKD group. There was no evidence of sig-
nificant heterogeneity in the association of serum non-
HDL-C levels with the risk of CHD between the
CKD groups (p for heterogeneity=0.06).

Fig. 1 shows the influence of serum non-HDL-C
levels and CKD on the risk of CHD. Compared with
subjects without CKD and serum non-HDL-C levels
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of <150 mg/dL, the multivariable-adjusted risk of
CHD was significantly higher by 2.18 fold (95% CI:
1.38—3.43) than that in those without CKD and
serum non-HDL-C levels of 2190 mg/dL, whereas it
increased by 3.03 fold (95% CI: 1.70—5.38) and 4.02
fold (95% CI: 2.28—7.09) in subjects with CKD and
serum levels of 150—189 and 2190 mg/dL, respec-
tively. There was no evidence of significant difference
in the risk of CHD between subjects without and
with CKD and serum non-HDL-C levels of <150
mg/dL (p=0.7).

For sensitivity analysis, all the analyses were
repeated after determining the CKD status using the
CKD-EPI equation. Therefore, the association between
serum non-HDL-C levels and the risk of CVD and its
subtypes was not altered substantially in either CKD
group (Supplementary Table 1 and Supplementary
Fig.1).

Discussion

This study demonstrated that in the general Jap-
anese population, higher serum non-HDL-C levels
were associated with greater risk of CHD regardless of

the CKD status. To the best of our knowledge, this is
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*p<0.01 vs. CKD(-) and non-HDL-C<150 mg/dL N
p for interaction=0.61 4.02
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Fig.1. Multivariable-adjusted HR for the development of coronary heart disease according to the CKD
status and serum non-HDL-C levels

CKD was defined as proteinuria (dipstick 21+) or estimated glomerular filtration rate <60 mL/min/1.73 m?
which was calculated using the modified Japanese Society of Nephrology Chronic Kidney Disease Initiative (JSN-
CKDI) equation.

Adjusted for age, sex, systolic blood pressure, antihypertensive medication, diabetes, body mass index, serum albu-
min and high-sensitivity C-reactive protein levels, electrocardiogram abnormalities, smoking habits, alcohol intake,
and regular exercise

Abbreviations: CKD, chronic kidney disease; non-HDL-C, non-high-density lipoprotein cholesterol; HR, hazard

ratio.

the first study addressing the association between
serum non-HDL-C levels and cardiovascular risk
among subjects with early-stage CKD in an Asian
community-based population. Although the propor-
tional increase in the risk of CHD with elevating
serum non-HDL-C levels was similar between sub-
jects with and without CKD, the risk of CHD was
higher in subjects with lower serum non-HDL-C lev-
els and CKD than in those with lower serum non-
HDL-C levels but without CKD. These findings
underscore the clinical significance of serum non-
HDL-C levels as a lipid indicator for the risk of CHD
in subjects with CKD. Serum non-HDL-C levels may
be used more broadly for the prevention of cardiovas-
cular events in subjects with CKD.

Several longitudinal studies have investigated the
influence of dyslipidemia, including the dyslipidemia-
induced increases in serum total cholesterol and
LDL-C levels, on the development of CVD among
subjects with moderate-to-severe CKD?"3?. Nonethe-
less, the prognostic role of LDL-C in subjects with
CKD is still undefined®”. The Alberta Kidney Disease
Network study in Canada showed that higher serum
LDL-C levels were significantly associated with a
higher risk of myocardial infarction, but the associa-
tion was weaker for subjects with lower baseline eGFR

levels¥. Similar findings were observed in a random-
ized control trial conducted in moderate-to-severe
subjects with CKD. The Study of Heart and Renal
Protection (SHARP) trial demonstrated that reduced
serum LDL-C levels were associated with lower risk of
CVD in patients with CKD, but this association
appeared to be attenuated with lower eGFR levels®?.
Subjects with CKD, particularly moderate-to-severe
CKD, have a different pattern of serum lipid profile
from subjects without CKD. Subjects with CKD have
significantly lower serum total cholesterol, LDL-C,
normal-size LDL, and HDL-C levels and higher tri-
glycerides, VLDL, IDL, and small-dense LDL levels
than subjects without CKD?*). Therefore, the serum
non-HDL-C level may be a better and more compre-
hensive indicator of dyslipidemia than the serum
LDL-C level for subjects with CKD.

Non-HDL-C was a predictor of CHD in sub-
jects with early-stage CKD in the Apolipoprotein-
related MOrtality RISk (AMORIS) cohort and Ath-
erosclerosis Risk in Communities (ARIC) study'® 7.
In the Modification of Diet in Renal Disease (MDRD)
study, however, no association was observed between
non-HDL-C levels and CVD mortality in subjects
with stage 3 and 4 CKD?®. Several prospective studies
conducted in patients undergoing hemodialysis have
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reported that higher serum non-HDL-C levels were
significantly associated with a greater cardiovascular
risk'®2% 37 In a nationwide prospective registry of
45,390 Japanese patients undergoing hemodialysis,
higher serum non-HDL-C levels were positively asso-
ciated with higher incidences of myocardial and brain
infarction'. Increased cardiovascular mortality linked
with higher serum non-HDL-C levels was also found
in small cohorts of Japanese patients undergoing
hemodialysis'*?”. The Choices for Healthy Outcomes
In Caring for ESRD (CHOICE) study conducted in
823 American patients undergoing hemodialysis dem-
onstrated that mortality due to CVD increased signifi-
cantly with elevated serum non-HDL-C levels among
subjects without malnutrition and/or inflammation®”.
The presence of a lipid-rich plaque in coronary
atherosclerotic lesions is an important determinant of
acute coronary events®®. In our previous study, the
risk of CHD significantly increased in subjects with
high serum non-HDL-C levels®”. The present analysis
found that elevated serum non-HDL-C levels were
significantly associated with an increased risk of CHD
in subjects with CKD, whereas there was no signifi-
cant association with the risk of stroke. We previously
reported that higher serum non-HDL-C levels were
associated with the development of atherothrombotic
brain infarction, which is caused by atherosclerosis of
large cerebral arteries, but no significant associations
were observed for total ischemic or hemorrhagic
stroke?”. It is plausible that the influence of high
serum non-HDL-C levels might be different in differ-
ent subtypes of stroke. In the present study, we could
not assess the association between serum non-HDL-C
and stroke subtypes according to the CKD status
because of the insufficient numbers of stroke events.
Further large-scale prospective studies are needed to
clarify this association and its underlying mechanism.
In our study, we assessed the combined influence
of serum non-HDL-C levels and CKD status on the
risk of CHD. Subjects with CKD had significantly
higher risk of CHD than those without CKD in the
group with a serum non-HDL-C of >150 mg/dL,
even if it is at the same level. This finding suggests it
may be necessary to control serum non-HDL-C levels
more strictly in subjects with CKD than in those
without CKD to reduce the cardiovascular risk.
Several limitations in our study should be noted.
First, the baseline serum non-HDL-C levels were deter-
mined on the basis of a single measurement of the
serum lipid level. The subsequent use of lipid-modify-
ing medication could have altered lipid levels in some
subjects and might have led to some misclassifications.
However, such misclassifications would weaken the
association observed in this study, biasing the results
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toward a null hypothesis. Second, because there were
only four subjects (0.2%) with eGFR <30 mL/min/
1.73 m? the results may not be applicable to subjects
with advanced CKD stage. Third, the subjects were
followed up for an extended period, and risk factor
levels could have been changed by subsequent lifestyle
modification and medical treatment, which might
affect the outcome. Further studies are warranted to
determine whether our findings from this study are
applicable to other populations.

In conclusion, elevated serum non-HDL-C levels
were shown to be a significant risk factor for the devel-
opment of CHD not only among subjects without
CKD but also among those with CKD in a general
Japanese population. The serum non-HDL-C level is
easily obtained from a routine lipid panel by subtract-
ing the HDL-C level from total cholesterol level.
Thus, the serum non-HDL-C level is a useful bio-
marker of CHD in subjects with CKD. Routine mea-
surement of serum non-HDL-C levels would be clini-
cally valuable for the effective prevention of cardiovas-
cular events in subjects with CKD who are at high risk
of CVD.
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Supplementary Table 1. Age- and sex-adjusted and multivariable-adjusted HR for the development of cardiovascular disease accord-
ing to non-HDL-C levels by CKD status (CKD defined by eGFR using the CKD-EPI equation)

CKD (-) CKD (+)
Serum non-HDL-C levels, mg/dL Serum non-HDL-C levels, mg/dL
<150 150-189 >190 pfor <150 150-189 >190 p for
(n=1,150) (n=809) (n=487) trend (n=80) (n=62) (n=42) trend
Cardiovascular disease
No. of events 163 119 89 20 13 18
Age- and sex-adjusted HR (95% CI) 100 1.05(0.83-1.33) 1.29(0.99-1.69) 0.08  1.00  0.94 (0.46-1.92) 2.10 (1.08-4.08)  0.04
Multivariable-adjusted HR (95% CI)® 100 1.05(0.82-1.35) 1.32(0.99-1.75) 0.08  1.00  0.90 (0.40-2.01) 2.62 (1.23-5.61)  0.02
Coronary heart disease
No. of events 63 54 43 6 8 12
Age- and sex-adjusted HR (95% CI) 100 1.33(0.92-1.92) 1.92(1.29-2.87) 0.002 1.00  2.09 (0.70-6.27) 4.75 (1.71-13.23) 0.002
Multivariable-adjusted HR (95% CI) 2 1.00 1.38 (0.94-2.03) 2.03 (1.32-3.13) 0.001 1.00  2.59(0.75-8.96) 5.36 (1.62-17.71) 0.005
Stroke
Ischemic stroke
No. of events 84 66 41 8 7 6
Age- and sex-adjusted HR (95% CI) 1.00 1.08 (0.78-1.49) 1.04 (0.71-1.53) 0.8 1.00  1.22(0.43-3.45) 1.63(0.55-4.83) 0.4
Multivariable-adjusted HR (95% CI)* 1.00 109 (0.77-1.53) 1.05(0.70-1.58) 0.8 1.00  0.89 (0.26-3.08) 2.72 (0.72-10.28) 0.2
Hemorrhagic stroke
No. of events 30 14 10 7 1 3
Age- and sex-adjusted HR (95% CI) 1.00 0.62 (0.33-1.19) 0.71 (0.34-1.48) 0.2 1.00  0.21(0.03-1.79) 0.97 (0.24-3.96) 0.7
Multivariable-adjusted HR (95% CI)* 100 0.60 (0.31-1.17) 0.69 (0.32-1.49) 0.2 1.00  0.23 (0.02-2.87) 1.21(0.25-5.86) 0.9

4Adjusted for age, sex, systolic blood pressure, antihypertensive medication, diabetes, body mass index, serum albumin, serum high-sensitivity
C-reactive protein, electrocardiogram abnormalities, smoking habits, alcohol intake, and regular exercise.

Abbreviations: CKD, chronic kidney disease; ¢GFR, estimated glomerular filtration rate; CKD-EPI, Chronic Kidney Disease Epidemiology Col-
laboration; non-HDL-C, non-high-density lipoprotein cholesterol; HR, hazard ratio.

*
*p< 0.01 vs. CKD(-) and non-HDL-C<150 mg/dL 5.76
p for interaction=0.05
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Supplementary Fig.1. Multivariable-adjusted HR for the development of coronary heart disease according to CKD status and
serum non-HDL-C levels (CKD defined by eGFR using the CKD-EPI equation)

Adjusted for age, sex, systolic blood pressure, antihypertensive medication, diabetes, body mass index, serum albumin, serum high-sensitivity
C-reactive protein, electrocardiogram abnormalities, smoking habits, alcohol intake, and regular exercise.

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; CKD-EPI, Chronic Kidney Disease Epidemiology
Collaboration; non-HDL-C, non-high-density lipoprotein cholesterol; HR, hazard ratio.
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