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Abstract

Background: We investigate whether non–high-density lipoprotein cholesterol (non-HDL-C) provides a better
estimate of cardiovascular risk than other lipid profiles in normotensive and euglycemic middle-aged and elderly
adults.

Methods: A total of 512 males and 958 females were enrolled from the Changfeng Study. A standard interview,
anthropometric measurements and laboratory analyses were performed for each participant. Bilateral carotid intima-
media thicknesses (CIMTs) were measured using ultrasonography, and the presence of carotid plaques was assessed.

Results: The mean values of non-HDL-C were 3.4 ± 0.8 mmol/l and 3.6 ± 0.9 mmol/l for male and female subjects,
respectively. Compared with female subjects with non-HDL-C in the first quartile, female subjects with non-HDL-C in
the fourth quartile had 1.317-fold increased risks for carotid plaques after adjusting for conventional cardiovascular
disease (CVD) risk factors and increasing quartiles of all lipid levels. Non-HDL-C was positively associated with the CIMT
after adjusting for CVD risk factors in female subjects (β = 0.062, P = 0.034).

Conclusions: These results suggest that non-HDL-C is independently associated with carotid atherosclerosis in
normotensive and euglycemic females.
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Background
Lipoprotein abnormalities play a role in the accelerated
atherosclerosis. Although low-density lipoprotein choles-
terol (LDL-C) has been the primary measure used to es-
timate cardiovascular disease (CVD) risk by guidelines
for over 3 decades, there are now many studies demon-
strating consistent outperformance by non–high-density
lipoprotein cholesterol (non-HDL-C) [1, 2]. Moreover,
recommendations from the International Atherosclerosis
Society Expert Dyslipidemia Panel [3] and the National

Lipid Association [4] recommend non-HDL-C also as a
primary target of therapy. Non-HDL-C, which repre-
sents the total cholesterol content of apolipoprotein B
(apo-B) containing lipoproteins, is particularly useful in
risk assessment for diabetic patients rather than LDL-C
levels [5]. Non–HDL-C is a quick and simple calculation
of total cholesterol (TC) minus high-density lipoprotein
cholesterol (HDL-C), and can be obtained in the non-
fasting state without affecting results. In studies, re-
searchers have shown that non-HDL-C is a better
marker of coronary heart disease (CHD) risk than LDL-
C in patients with CVD and diabetes [6, 7]. In the
Strong Heart Study, Lu et al. [8] found non-HDL-C to
be a better predictor of cardiovascular events in patients
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with diabetes compared to LDL-C [hazard ratio (HR)
2.23 and 1.80 for the highest tertile of non-HDL-C
among men and women, respectively]. In diabetic men
of the Health Professionals’ Follow-up Study, compari-
sons of nested models highlighted that non-HDL-C add
significantly to the prediction of CVD risk beyond LDL-
C [9]. Tohidi et al demonstrated that among the non-
diabetic population, non-HDL-C was a significant pre-
dictor of incident CVD in both genders; similar to the
association shown among non-diabetic Arab community
[10]. However, the Rancho Bernardo Study of 1386
women and 1094 men (mean age, 69 years) found that
non-HDL-C was not superior to individual lipids, lipo-
proteins, or their ratios in the prediction of fatal CHD
and CVD in a 10 year follow-up [11]. As shown by pre-
vious reports, non-HDL-C may be associated with the
prognostic factors of CVD, such as diabetes [12] and
hypertension [13], which may themselves affect CVD
events. Therefore, the relationship between non-HDL-C
and atherosclerosis may be confounded by the presence
of hyperglycemia and hypertension. In addition, it has
been shown that non-HDL-C values vary between differ-
ent ethnicities. The above large scale studies were mostly
confined to the individuals in Europe and North America,
which could not reflect the features of other ethnicities.
Few studies have directly compared the relative usefulness
of conventional lipid particles for prediction of subclinical
atherosclerosis in the Chinese population. Given the risk
for CVD in Chinese middle-aged and elderly adults [14],
more evidence is needed to evaluate the association be-
tween non-HDL-C and atherosclerosis.
Accordingly, in this study we aim to compare the

association of non-HDL-C, LDL-C, HDL-C and TC with
carotid intima-media thickness (CIMT) and carotid
plaque, reliable markers of the severity of atherosclerosis
[15] in Chinese middle-aged and elderly adults with
normal blood pressure and normal glucose tolerance
(NGT).

Methods
Study population
The subjects were participants in the Changfeng
Study, a community-based study of chronic diseases
among middle-aged and elderly individuals which has
been described elsewhere [16, 17]. From June 2009 to
June 2012, 5485 participants were initially enrolled.
We excluded 4015 participants for the following reasons:
lack of physical examination and laboratory assessments
(n = 110), prevalent CVD (myocardial infarction, stroke,
or) (n = 404), prevalent hemodialysis (n = 2), prevalent
hypertension (systolic blood pressure ≥ 140 mmHg,
diastolic blood pressure ≥90 mmHg, the use of anti-
hypertensive medications, or diagnosed hypertension)
(n = 2672), prevalent diabetes or pre-diabetes (fasting

glucose ≥5.6 mmol/L, OGTT (oral glucose tolerance test)
2 h glucose ≥7.8 mmol/L, the use of hypoglycemic medi-
cation, or diagnosed diabetes) (n = 812), triglycerides
≥4.5 mmol/L or the use of lipid-lowering therapy (n = 12),
and use of the antiplatelet agents (n = 3). Finally, 1470
subjects (512 males and 958 females) were included in the
analysis.

Ethics statement
The study was approved by the ethical committee of
Zhongshan Hospital, Fudan University and was conducted
in accordance with the guidelines of the Declaration of
Helsinki. Written informed consent was obtained from all
participants.

Measurements
Interviews, physical examinations and ultrasound scans
were performed at the Changfeng Community Health
Service Center. Trained nurses interviewed the partici-
pants and obtained their medical history and lifestyle.
Weight and height were measured while the participant
was clothed in a light gown. The waist circumference
was measured midway between the lowest rib margin
and the iliac crest in a standing position. The hip cir-
cumference was measured at the widest level over the
greater trochanters. The waist-to-hip ratio (WHR) was
calculated from these values. The body mass index
(BMI) was calculated as the weight divided by the height
squared (kg/m2). The resting blood pressure was mea-
sured 3 times, and the mean value was used for the ana-
lysis. Blood samples were obtained after a fasting period
of at least 10 h. TC, HDL-C and triglycerides (TG) were
measured using a model 7600 automated bio-analyser
(Hitachi, Tokyo, Japan). The level of LDL-C was calcu-
lated using the Friedewald equation. Non-HDL-C is cal-
culated as TC minus HDL-C [7]. The fasting blood
glucose (FBG) and 2 h glucose levels following a 75 g
oral glucose challenge (PPG) (postprandial blood glu-
cose) for non-diabetics were measured using the glucose
oxidase method. Serum insulin was measured using
electrochemiluminescence immunoassay using an im-
munoassay analyzer (Roche Cobas-6001, Switzerland)
(coefficient of variation <5.0%). Homeostasis model as-
sessment index for insulin resistance (HOMA-IR) and
beta cell function (HOMA-B%) were used to estimate
insulin sensitivity and insulin secretion [18].
Carotid ultrasonography was performed (using a GE

Logic P5 (GE Healthcare, Milwaukee, USA) scanner with
a 10-MHz probe) on all participants by an experienced
radiologist who was blinded to the participants’ details.
Right and left CIMT were measured in the common ca-
rotid artery approximately 1 cm proximal to the bifur-
cation at the far wall during end diastole. The CIMT
was quantified at plaque-free sections of the carotid
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arteries as the distance between the lumen-intima and
media-adventitia interfaces. Three values were measured
on each side, and the average CIMT was used for the
analysis. Carotid plaque was defined as the presence
of focal wall thickening resulting in a thickness that
is ≥ 50% greater than that of the surrounding vessel
wall or as a focal region with a CIMT greater than
1.5 mm that protrudes into the lumen that is distinct
from the adjacent boundary, according to American
Society of Echocardiography [19]. The near and far
walls of bilateral common carotid arteries, the carotid
bifurcation, and the internal carotid artery were
scanned for the presence of plaques. Repeated mea-
surements on the same subjects (performed in 103
subjects) yielded an intraclass correlation coefficient
of 0.93 (95% confidence interval, 0.91 to 0.96).
Hypertension was defined according to the Seventh

Report of the Joint National Committee [20]. Glucose
tolerance was evaluated based on OGTT as set by the
American Diabetes Association 2010 criteria [21]. The
diagnosis of dyslipidaemia was based on Chinese guide-
lines for the prevention and treatment of dyslipidaemia
in adults [22]. The diagnosis of CVD and peripheral vas-
cular disease (PAD) was based on self-reports and con-
firmed using medical records.

Statistical analyses
The data were expressed as the means ± SD, frequencies
or medians with 25th and 75th percentiles. Skewed vari-
ables were logarithmically transformed to improve nor-
mality prior to analysis. Association between increasing
quartile of lipid values and carotid atherosclerosis was
initially assessed with a chi-square analysis, stratified by
gender. Linear regression analysis was performed to
examine the association between the lipid profiles and
the CIMT. Logistic regression was then employed to fur-
ther quantify the association between lipid level quartiles
and carotid plaque, with the lowest quartile as reference.
The multivariate regression analysis was adjusted, as fol-
lows: model 1: age, SBP, DBP, FBG, PPG, BMI, WHR,
smoking (yes or no), HOMA-IR and HOMA-B%. In
model 2, we adjusted for all lipid variables in addition to
risk factors in model 1 to assess the independent associ-
ation of each lipid profile with carotid atherosclerosis.
Odds ratios (ORs) were calculated for a 1-unit increase
in the lipid profiles. SPSS 16.0 for Windows (SPSS 16.0
Inc, USA) was used to perform the statistical analyses.
All statistical tests were two tailed, and p-values < 0.05
were considered significant.

Results
Population characteristics
A total of 512 males and 958 females were evaluated.
The demographic and clinical characteristics of the

study subjects are shown in Table 1. The mean values of
CIMT were 0.746 ± 0.142 mm and 0.694 ± 0.119 mm in
males and females, respectively. The prevalence of ca-
rotid plaques was 27.0% and 14.4%. The mean values of
non-HDL-C were 3.4 ± 0.8 mmol/l and 3.6 ± 0.9 mmol/l.
A total of 21.6% of the subjects were current smokers.
The differences between genders in terms of age, BMI,
WHR, SBP, DBP, TC, LDL-C, HDL-C, non-HDL-C,
smoking, HOMA-IR, HOMA-B%, CIMT, and the pres-
ence of carotid plaques were statistically significant.
The mean lipid values were well within the recom-

mended range by the guidelines of Joint Committee for
Developing Chinese guidelines on Prevention and Treat-
ment of Dyslipidemia in Adults [22]. The majority of the
study population (n = 1082, 73.6%) had LDL-C levels
<3.37 mmol/l, whereas 36.6% (n = 538) had LDL-C
<2.6 mmol/l. Only 1.4% (n = 20) of participants had
LDL-C ≥ 4.9 mmol/l. Low HDL-C (<1.04 mmol/l was
observed in 113 cases (7.7%) of the study population.

Association of carotid plaque and lipid levels
Figure 1 shows the prevalence of carotid plaque accord-
ing to increasing quartiles of lipid levels. The presence
of carotid plaque increased significantly across increas-
ing quartiles of TC level in the male subjects, whereas
prevalence increased significantly across increasing quar-
tiles of TC, LDL-C and non-HDL-C levels in the female
subjects. The highest chi-square value was observed for
the relationship of non-HDL-C levels in the prevalence
of carotid plaque (chi-square = 9.18) in females.
In a multivariate model adjusting for age, BMI,

WHR, FBG, PPG, SBP, DBP, smoking, logHOMA-IR
and logHOMA-B%, male subjects with TC and non-
HDL-C in the fourth quartiles had 2.213-fold and
2.149-fold increased risks for carotid plaques relative
to those in the lowest quartiles (Table 2, model 1). In
the meanwhile, female subjects with TC and non-
HDL-C in the fourth quartiles had 1.786-fold and
1.590-fold increased risks (Table 2, model 1). After
simultaneously controlling for increasing quartiles of
all lipid levels (Table 2, model 2), only females with
non-HDL-C in the fourth quartiles had 1.317-fold in-
creased risks for carotid plaques relative to those in
the lowest quartiles. On the other hand, no such as-
sociation was seen with TC, LDL-C and HDL-C.

Association of CIMT and non-HDL-C levels
The multiple linear regression revealed that the non-
HDL-C was positively correlated with the CIMT after
adjusting for traditional CVD risk factors including age,
BMI, WHR, FBG, PPG, SBP, DBP, TC, LDL-C, HDL-C,
smoking, logHOMA-IR and logHOMA-B% in female
subjects (Table 3). However, no such association existed
in male subjects (Table 3).

Ma et al. Lipids in Health and Disease  (2017) 16:55 Page 3 of 9



Discussion
Our study showed that non-HDL-C was independently
associated with carotid atherosclerosis in a normotensive
and euglycemic female population. The CIMT and the
prevalence of carotid plaques significantly increased with
increasing non-HDL-C after adjusting for conventional
CVD risk factors and all lipid levels in female subjects.
However, no relationship was found between non-HDL-
C and carotid atherosclerosis in male subjects.
Non-HDL-C has recently become a more and more

important topic in cardiovascular research [1–3]. Non-
HDL-C reflects the number of atherogenic particles
present in the plasma. This includes very low density li-
poproteins (VLDL), intermediate density lipoproteins
(IDL) and LDL. Although a number of studies have
demonstrated that non-HDL-C activity is associated
with the development of cardiovascular events [1–5], it
is still debated whether non-HDL-C provides a better es-
timate of cardiovascular risk than other lipid profiles.
The participants in the Strong Heart Study [8] and the
Health Professionals’ Follow-up Study [9] were diabetic
patients. Although Tohidi’s study [10] was conducted
using nondiabetic participants, these studies excluded only
subjects with fasting blood glucose levels ≥7.0 mmol/L,
2 h plasma glucose ≥ 11.1 mmol/L, or subjects who were
using hypoglycaemic medications. Therefore, the results

may be confounded by the inclusion of subjects with im-
paired glucose regulation or postprandial hyperglycemia.
Moreover, the previous studies enrolled study populations
with different proportions of hypertension. As noted, re-
cent studies have demonstrated that there was a close as-
sociation between non-HDL-C and cardiovascular risk
factors, such as hyperglycemia and hypertension [12, 13].
Therefore, the relationship between carotid atherosclerosis
and non-HDL-C would be affected by the chronic effects
of CVD risk factors. The impact of residual confounding
factors would remain after adjusting for CVD risk factors
in previous studies. To exterminate the various effects of
CVD risk factors on the relationship between carotid ath-
erosclerosis and non-HDL-C, we explored the relationship
in the subjects with normal blood pressure and NGT.
Thus, the association between non-HDL-C and carotid
atherosclerosis was not confounded.
Non-HDL-C is the sum of the masses of cholesterol in

the atherogenic apoB lipoprotein particles. In of principle,
non–HDL-C represents a broader, more inclusive meas-
ure of atherogenic risk. Atherogenic dyslipidemia consists
of the combination of an increase in VLDL, with a reduc-
tion of levels of HDL-C, also accompanied by a high pro-
portion of small and dense LDL particles [4]. Atherogenic
dyslipidemia is considered the main cause of the residual
risk of experiencing cardiovascular disease (CVD), which

Table 1 Characteristics of the study subjects

Variables All Male subjects Female subjects P value between
gendersn = 1470 n = 512 n = 958

Age (ys) 57.7 (8.1) 59.0 (8.3) 57.0 (8.0) <0.001

BMI (kg/m2) 22.9 (2.9) 23.1 (3.0) 22.7 (2.9) 0.029

WHR 0.868 (0.069) 0.901 (0.069) 0.850 (0.061) <0.001

Current smoker, n (%) 317 (21.6%) 296 (57.8%) 21 (2.2) <0.001

SBP (mmHg) 120.4 (11.1) 121.8 (11.2) 119.6 (11.0) <0.001

DBP (mmHg) 71.5 (7.7) 73.1 (7.8) 70.7 (7.5) <0.001

TC (mmol/L) 5.0 (0.9) 4.8 (0.9) 5.2 (0.9) <0.001

LDL cholesterol (mmol/L) 2.9 (0.8) 2.8 (0.7) 3.0 (0.8) <0.001

HDL cholesterol (mmol/L) 1.5 (0.4) 1.4 (0.4) 1.6 (0.4) <0.001

Non-HDL-C (mmol/L) 3.5 (0.9) 3.4 (0.8) 3.6 (0.9) <0.001

TG (mmol/L) 1.3 (0.6) 1.4 (0.7) 1.3 (0.6) 0.167

FBG (mmol/L) 4.9 (0.4) 4.9 (0.4) 4.9 (0.3) 0.608

PPG (mmol/L) 5.6 (1.1) 5.6 (1.2) 5.6 (1.1) 0.391

HOMA-IR 1.4 (0.9–1.9) 1.2 (0.8–1.8) 1.4 (1.0–1.9) <0.001

HOMA-B% 93.3 (67.0–126.2) 83.9 (58.2–123.4) 97.3 (71.7–128.9) <0.001

CIMT (mm) 0.712 (0.130) 0.746 (0.142) 0.694 (0.119) <0.001

Carotid plaque (n,%) 276 (18.8%) 138 (27.0%) 138 (14.4%) <0.001

Data are mean (SD) or percentage of subjects or median (interquartile range)
BMI body mass index, WHR waist-hip-ratio, FBG fasting blood glucose, PPG OGTT 2 h blood glucose, SBP systolic blood pressure, DBP diastolic blood pressure, TC
total cholesterol, TG triglyceride, HDL-C high density lipoprotein cholesterol, LDL-C low density lipoprotein cholesterol, Non-HDL-C non high density lipoprotein
cholesterol, HOMA-IR homeostasis model assessment index for insulin resistance, HOMA-B homeostasis model assessment index for beta cell function
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is still presented by any patient on treatment with statins
despite maintaining LDL-C levels below the values
considered to be the objective [23]. The finding sug-
gests opportunities for further risk reduction of CVD.
Emerging research has identified potential surrogate
lipid markers for assessing cardiovascular risk, includ-
ing non–HDL-C. The dynamic flux of lipoproteins be-
tween subtypes under direction of lipoprotein lipase
(LPL) and cholesterol ester transfer protein (CETP) makes
direct assessment of total atherogenic burden a challenge,

which is significantly improved by non–HDL-C [24, 25].
Several years ago, non-HDL-C was highlighted as an
important secondary lipid therapeutic goal in the U.S.
National Cholesterol Education Program’s Adult Treat-
ment Panel [26]. The recent recommendations from the
International Atherosclerosis Society Expert Dyslipidemia
Panel [3] and the National Lipid Association [4] also
recommend non–HDL-C as a primary target of therapy.
Using non-HDL-C levels offers several practical advan-

tages over other traditional lipid parameters for routine

A

B

Fig. 1 a Prevalence of carotid plaque across quartile of lipid levels in male subjects. TC: 2.65–4.15mmol/L 1st quartile; 4.17–4.69mmol/L 2nd
quartile; 4.71–5.28mmol/L 3rd quartile; 5.29–8.84mmol/L 4th quartile. LDL-C: 1.05–2.27mmol/L 1st quartile; 2.28–2.69mmol/L 2nd quartile; 2.7–
3.23mmol/L 3rd quartile; 3.24–6.65mmol/L 4th quartile. HDL-C: 0.21–1.12mmol/L 1st quartile; 1.13–1.3mmol/L 2nd quartile; 1.31–1.55mmol/L 3rd
quartile; 1.56–4mmol/L 4th quartile. Non-HDL-C: 1.51–2.78mmol/L 1st quartile; 2.79–3.3mmol/L 2nd quartile; 3.31–3.94mmol/L 3rd quartile; 3.96–
7.87mmol/L 4th quartile. b Prevalence of carotid plaque across quartile of lipid levels in female subjects. TC: 3.07–4.62mmol/L 1st quartile; 4.63–
5.15mmol/L 2nd quartile; 5.16–5.73mmol/L 3rd quartile; 5.74–9.62mmol/L 4th quartile. LDL-C: 1.12–2.45mmol/L 1st quartile; 2.46–2.94mmol/L 2nd
quartile; 2.95–3.47mmol/L 3rd quartile; 3.48–6.81mmol/L 4th quartile. HDL-C: 0.5–1.33mmol/L 1st quartile; 1.34–1.57mmol/L 2nd quartile; 1.58–
1.85mmol/L 3rd quartile; 1.86–3.27mmol/L 4th quartile. Non-HDL-C: 1.45–2.98mmol/L 1st quartile; 2.99–3.56mmol/L 2nd quartile; 3.57–4.17mmol/L
3rd quartile; 4.18–8mmol/L 4th quartile
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Table 2 Adjusted odd ratios for carotid plaque according to lipid levels in male and female subjects

Male subjects

1 2 3 4 Trend across quartiles

TC

Model 1 1 (ref) 1.263 (0.680–2.374) 1.523 (0.827–2.807) 2.213 (1.199–4.084) 0.071

Model 2 1 (ref) 1.209 (0.550–2.502) 1.550 (0.543–4.422) 2.129 (0.507–8.944) 0.765

LDL-C

Model 1 1 (ref) 0.757 (0.408–1.402) 1.137 (0.627–2.062) 1.498 (0.827–2.711) 0.176

Model 2 1 (ref) 0.511 (0.253–1.030) 0.482 (0.182–1.278) 0.428 (0.117–1.560) 0.295

HDL-C

Model 1 1 (ref) 0.787 (0.427–1.451) 0.837 (0.444–1.581) 0.746 (0.305–1.197) 0.206

Model 2 1 (ref) 0.767 (0.408–1.443) 0.742 (0.369–1.490) 0.776 (0.326–1.183) 0.289

Non-HDL-C

Model 1 1 (ref) 1.178 (0.628–2.209) 1.302 (0.712–2.422) 2.149 (1.121–4.118) 0.069

Model 2 1 (ref) 1.322 (0.624–2.801) 1.606 (0.525–4.910) 2.657 (0.562–6.566) 0.209

Female subjects

1 2 3 4 Trend across quartiles

TC

Model 1 1 (ref) 1.141 (0.645–2.017) 1.301 (0.745–2.273) 1.786 (1.044–3.056) 0.142

Model 2 1 (ref) 1.149 (0.572–2.306) 1.312 (0.504–3.412) 1.795 (0.490–5.575) 0.787

LDL-C

Model 1 1 (ref) 0.915 (0.518–1.614) 1.165 (0.677–2.003) 1.615 (0.957–2.725) 0.128

Model 2 1 (ref) 0.834 (0.431–1.613) 1.015 (0.420–2.326) 1.209 (0.368–3.967) 0.735

HDL-C

Model 1 1 (ref) 0.866 (0.509–1.474) 1.184 (0.695–2.018) 0.987 (0.561–1.737) 0.716

Model 2 1 (ref) 0.776 (0.446–1.348) 1.051 (0.580–1.903) 0.878 (0.376–1.609) 0.616

Non-HDL-C

Model 1 1 (ref) 0.951 (0.539–1.679) 1.230 (0.853–1.957) 1.590 (1.034–2.708) 0.035

Model 2 1 (ref) 0.724 (0.457–1.469) 1.064 (0.942–1.776) 1.317 (1.019–2.511) 0.074

Model 1 adjusted for age, BMI, WHR, FBG, PPG, SBP, DBP, smoking, logHOMA-IR and logHOMA-B%, Model 2 adjusted for increasing quartiles of all the other lipid
levels in addition to the risk factors adjusted in Model 1
BMI body mass index, WHR waist-hip-ratio, FBG fasting blood glucose, PPG OGTT 2 h blood glucose, SBP systolic blood pressure, DBP diastolic blood pressure,
TC total cholesterol, HDL-C high density lipoprotein cholesterol, LDL-C low density lipoprotein cholesterol, Non-HDL-C non high density lipoprotein cholesterol,
HOMA-IR homeostasis model assessment index for insulin resistance, HOMA-B homeostasis model assessment index for beta cell function

Table 3 Association of Non-HDL-C with CIMT by linear regression analysis

Male subjects Female subjects

β Standard β 95% CI P β Standard β 95% CI P

Unadjusted 0.008 0.050 0.006–0.023 0.263 0.016 0.114 0.007–0.024 <0.001

Model 1 0.004 0.031 0.003–0.021 0.319 0.011 0.075 0.004–0.020 0.010

Model 2 0.002 0.013 0.001–0.117 0.651 0.009 0.062 0.002–0.017 0.034

Dependent variable: CIMT; Independent variable: Non-HDL-C
β: regression coefficient. β was calculated for a 1-unit increase in Non-HDL-C
Model 1 adjusted for age, BMI, WHR, FBG, PPG, SBP, DBP, smoking, logHOMA-IR and logHOMA-B%, Model 2 adjusted for all the other lipid levels in addition to the
risk factors adjusted in Model 1
BMI body mass index, WHR waist-hip-ratio, FBG fasting blood glucose, PPG OGTT 2 h blood glucose, SBP systolic blood pressure, DBP diastolic blood pressure,
TC total cholesterol, HDL-C high density lipoprotein cholesterol, LDL-C low density lipoprotein cholesterol, Non-HDL-C non high density lipoprotein cholesterol,
HOMA-IR homeostasis model assessment index for insulin resistance, HOMA-B homeostasis model assessment index for beta cell function, CIMT carotid
intima-media thickness
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clinical practice. First, measurement of the non–HDL-C
level has no additional cost or inconvenience because it
is easily calculated from the standard lipid profile with-
out the need for prior fasting. Second, non-HDL-C level
might also identify a group of individuals who have all of
the potentially atherogenic lipid fractions [LDL-C, lipo-
protein (a) [11], IDL-C [5] and VLDL-C remnants [5].
Finally, they can also be an exact marker in diabetic pa-
tients with hypertriglyceridemia, which can cause LDL-C
level calculations using the Friedewald formula to be po-
tentially inaccurate [3, 4]. In addition, the adoption of
non–HDL-C across all levels of triglycerides would sub-
stantially simplify implementation of clinical guidelines.
In the present study, we did not find the association

between non-HDL-C level and carotid atherosclerosis in
male as the previous studies reported [27, 28]. Our study
showed that non-HDL-C levels are better targets com-
pared with other lipid profiles in female subjects, which
presented as a stronger linear relationship with increased
CIMT and a more powerful discriminatory ability for
carotid plaque prediction. The results were in line with
another population-based study in America [29]. Mora
et al. found among initially healthy women, those with
LDL-C < 121 mg/dl (3.13 mmol/l), non-HDL-C was
more closely associated with coronary risk than LDL-C
[29]. The diversity may be due to the sex-related differ-
ences and ethnic differences in lipid level and athero-
sclerosis [30]. Additionally, the non-HDL-C levels of the
male subjects in this study were relatively lower in compari-
son with females, while ages, BMI, WHR, blood pressure,
and current smokers were higher, which may contribute to
the insignificant correlation between non-HDL-C and ca-
rotid atherosclerosis in males. However, we cannot further
elaborate on the reasons behind this phenomenon.
Thus, our results may have important clinical implica-

tions with adding non-HDL-C into the evaluation tools
for improving the detection of CVD among community
based female subjects. The American College of
Cardiology [6], American Diabetes Association [31] and
National Lipid Association [25] have already recom-
mended reporting non-HDL-C levels as part of routine
lipid panel results. In the context of patient care, screen-
ing based on the non-HDL-C would enable clinicians to
provide early interventions. An early evaluation of the
non-HDL-C would be advantageous for the early detec-
tion of CVD, and individuals with increased non-HDL-C
might benefit from more aggressive lifestyle modifica-
tions and dietary regimen.
Our study has limitations. It was a cross-sectional study,

so no conclusion about cause and effect can be made. Our
results reflect the relationship within the middle-aged and
elderly subjects, limiting our external validity. Indeed, using
the Friedwald formula there in an inherent risk of miscalcu-
lating the actual LDL-C levels, especially in the presence

of elevated TC. In our cohort there were no patients
with TC > 10.36 mmolL (400 mg/dl). The strengths of
the study were that it was conducted on a
population-based cohort. Additionally, we used both
CIMT and carotid plaques as the surrogate markers
of atherosclerosis [32].

Conclusions
In conclusion, our study shows that among the trad-
itional lipid measures, non-HDL-C was more strongly
associated with subclinical atherosclerosis as estimated
by measurement of CIMT and carotid plaque in
community based female subjects. The third Adult
Treatment Panel of the NCEP has recommended LDL-C
as the primary target of therapy and the use of non–
HDL-C as a secondary target of lipid lowering for indi-
viduals with TG concentrations ≥2.26 mmol/L (200 mg/
dL) [33]. However, many individuals are at increased risk
of CHD due to elevated concentrations of atherogenic li-
poproteins not reflected in LDL-C measurement. Our
results support the viewpoint that non–HDL-C may be
a potentially better marker in evaluating the cardiovas-
cular risk than LDL-C. The use of non-HDL-C instead
of LDL-C as a primary target for cholesterol lowering
therapy deserves further investigation.

Abbreviations
apo-B: Apolipoprotein B; BMI: Body mass index; CETP: Cholesterol ester
transfer protein; CHD: Coronary heart disease; CIMT: Carotid intima-media
thickness; CVD: Cardiovascular disease; FBG: Fasting blood glucose; HDL-
C: High-density lipoprotein cholesterol; HOMA-B%: Homeostasis model
assessment index for beta cell function; HOMA-IR: Homeostasis model
assessment index for insulin resistance; HR: Hazard ratio; IDL: Intermediate
density lipoproteins; LDL-C: Low-density lipoprotein cholesterol;
LPL: Lipoprotein lipase; NGT: Normal glucose tolerance; non-HDL-C: Non–
high-density lipoprotein cholesterol; OGTT: Oral glucose tolerance test;
Ors: Odds ratios; PPG: Postprandial blood glucose; TC: Total cholesterol;
TG: Triglyceride; VLDL: Very low density lipoproteins; WHR: Waist-to-hip ratio

Acknowledgements
The Shanghai Changfeng Study has also received support from Changfeng
Health Center, the Health Bureau of Putuo District, and the committees of all
the sub-communities of Changfeng. The contributions of all the working staff
and inhabitants are greatly acknowledged.

Funding
This work was supported by grants from the National Key Basic Research
Program of China (grant no. 2012CB524906 to X. Gao), the Shanghai
Municipal Health Project Grant (grant no. 2013ZYJB0802 to X. Gao), the
Shanghai Health and Family Planning Commission Foundation (Grant Nos.
12GWZX0103 and 2013SY005 to X. Gao), the National Ministry of Education
Program (Grant No. 985III-YFX0302 to X. Gao), the Shanghai Hospital
Development Center Foundation (SHDC12012201 to X. Gao).

Availability of data and materials
All datasets generated and analysed during this study are available from the
corresponding authors upon email request.

Authors’ contributions
Conceived and designed the experiments: HM HDL XML YH XJJ JG NQZ BSP
XG. Performed the experiments: HM HDL XML WYH JG. Analyzed the data:
HM NQZ JG. Wrote the paper: HM XG. All authors read and approved the
final manuscript.

Ma et al. Lipids in Health and Disease  (2017) 16:55 Page 7 of 9



Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
The study was approved by the ethical committee of Zhongshan Hospital,
Fudan University and was conducted in accordance with the guidelines of
the Declaration of Helsinki. Written informed consent was obtained from all
participants.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Geriatrics, Zhong Shan Hospital, Fudan University, Shanghai
200032, China. 2Department of Endocrinology and Metabolism, Zhong Shan
Hospital, Fudan University, Shanghai 200032, China. 3Department of
Ultrasonography, Zhongshan Hospital, Fudan University, Shanghai 200032,
China. 4Clinical Epidemiology Center, Zhong Shan Hospital, Fudan University,
Shanghai 200032, China. 5Department of Clinical Nutrition, Zhong Shan
Hospital, Fudan University, Shanghai 200032, China. 6Department of
Biostatistics, College of Public Health, Fudan University, Shanghai 200032,
China. 7Department of Laboratory Medicine, Zhongshan Hospital, Fudan
University, Shanghai 20032, China.

Received: 31 January 2017 Accepted: 9 March 2017

References
1. Kastelein JJ, van der Steeg WA, Holme I, Gaffney M, Cater NB, Barter P,

Deedwania P, Olsson AG, Boekholdt SM, Demicco DA, Szarek M, LaRosa JC,
Pedersen TR, Grundy SM, TNT Study Group; IDEAL Study Group. Lipids,
apolipoproteins, and their ratios in relation to cardiovascular events with
statin treatment. Circulation. 2008;117:3002–9.

2. Ridker PM, Rifai N, Cook NR, Bradwin G, Buring JE. Non-HDL cholesterol,
apolipoproteins A-I and B100, standard lipid measures, lipid ratios, and CRP
as risk factors for cardiovascular disease in women. JAMA. 2005;294:326–33.

3. Expert Dyslipidemia Panel of the International Atherosclerosis Society Panel
members. An international atherosclerosis society position paper: global
recommendations for the management of dyslipidemia—full report. J Clin
Lipidol. 2014;8:29–60.

4. Jacobson TA, Ito MK, Maki KC, Orringer CE, Bays HE, Jones PH, McKenney JM,
Grundy SM, Gill EA, Wild RA, Wilson DP, Brown WV. National lipid association
recommendations for patient-centered management of dyslipidemia: part 1-
full report. J Clin Lipidol. 2015;9:129–69.

5. Orakzai SH, Nasir K, Blaha M, Blumenthal RS, Raggi P. Non-HDL cholesterol is
strongly associated with coronary artery calcification in asymptomatic
individuals. Atherosclerosis. 2009;202:289–95.

6. Virani SS, Wang D, Woodard LD, Chitwood SS, Landrum CR, Zieve FJ,
Ballantyne CM, Petersen LA. Non-high-density lipoprotein cholesterol
reporting and goal attainment in primary care. J Clin Lipidol. 2012;6:545–52.

7. Virani SS. Non-HDL cholesterol as a metric of good quality of care
opportunities and challenges. Tex Heart Inst J. 2011;38:160–2.

8. Lu W, Resnick HE, Jablonski KA, Jones KL, Jain AK, Howard WJ, Robbins DC,
Howard BV. Non-HDL cholesterol as a predictor of cardiovascular disease in
type 2 diabetes: the strong heart study. Diabetes Care. 2003;26:16–23.

9. Jiang R, Schulze MB, Li T, Rifai N, Stampfer MJ, Rimm EB, Hu FB. Non-HDL
cholesterol and apolipoprotein B predict cardiovascular disease events
among men with type 2 diabetes. Diabetes Care. 2004;27:1991–7.

10. Tohidi M, Hatami M, Hadaegh F, Safarkhani M, Harati H, Azizi F. Lipid
measures for prediction of incident cardiovascular disease in diabetic and
non-diabetic adults: results of the 8.6 years follow-up of a population based
cohort study. Lipids Health Dis. 2010;23:9–6.

11. Von Mühlen D, Langer RD, Barrett-Connor E. Sex and time differences
in the associations of non-high-density lipoprotein cholesterol versus
other lipid and lipoprotein factors in the prediction of cardiovascular
death (The Rancho Bernardo Study). Am J Cardiol. 2003;91:1311–5.

12. Mete M, Wilson C, Lee ET, Silverman A, Russell M, Stylianou M, Umans JG,
Wang W, Howard WJ, Ratner RE, Howard BV, Fleg JL. Relationship of
glycemia control to lipid and blood pressure lowering and atherosclerosis:
the SANDS experience. J Diabetes Complications. 2011;25:362–7.

13. Kawamoto R, Tabara Y, Kohara K, Miki T, Kusunoki T, Takayama S, Abe M,
Katoh T, Ohtsuka N. Relationships between lipid profiles and metabolic
syndrome, insulin resistance and serum high molecular adiponectin in
Japanese community-dwelling adults. Lipids Health Dis. 2011;17:10–79.

14. Wang L, Kong L, Wu F, Bai Y, Burton R. Preventing chronic diseases in China.
Lancet. 2005;366:1821–4.

15. van der Meer IM, Bots ML, Hofman A, Del Sol AI, van der Kuip DA,
Witteman JC. Predictive value of noninvasive measures of atherosclerosis for
incident myocardial infarction: the Rotterdam Study. Circulation.
2004;109:1089–94.

16. Gao X, Hofman A, Hu Y, Lin H, Zhu C, Jeekel J, Jin X, Wang J, Gao J, Yin Y,
Zhao N. The Shanghai Changfeng Study: a community-based prospective
cohort study of chronic diseases among middle-aged and elderly:
objectives and design. Eur J Epidemiol. 2012;25:885–93.

17. Lin H, Li Q, Hu Y, Zhu C, Ma H, Gao J, Wu J, Shen H, Jiang W, Zhao N,
Yin Y, Pan B, Jeekel J, Hofman A, Gao X. The prevalence of multiple
non-communicable diseases among middle-aged and elderly people:
the Shanghai Changfeng Study. Eur J Epidemiol. 2016. doi:10.1007/
s10654-016-0219-6.

18. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentrations in man.
Diabetologia. 1985;28:412–9.

19. Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, Mohler ER, Najjar SS,
Rembold CM, Post WS. American Society of Echocardiography Carotid
Intima-Media Thickness Task Force. Use of Carotid Ultrasound to Identify
Subclinical Vascular Disease and Evaluate Cardiovascular Disease Risk: A
Consensus Statement from the American Society of Echocardiography.
Carotid Intima-Media Thickness Task Force Endorsed by the Society for
Vascular Medicine. J Am Soc Echocardiography. 2008;21:93–111.

20. Jones DW, Hall JE. Seventh report of the joint national committee on
prevention, detection, evaluation, and treatment of high blood pressure
and evidence from new hypertension trials. Hypertension. 2004;43:1–3.

21. American Diabetes Association. Standards of medical care in diabetes—2010.
Diabetes Care. 2010;33:S11–61.

22. Joint Committee for Developing Chinese guidelines on Prevention and
Treatment of Dyslipidemia in Adults. Chinese guidelines on prevention and
treatment of dyslipidemia in adults. Zhonghua Xin Xue Guan Bing Za Zhi.
2007;35:390–419.

23. Lloyd-Jones D, Adams RJ, Brown TM, Carnethon M, Dai S, De Simone G,
Ferguson TB, Ford E, Furie K, Gillespie C, Go A, Greenlund K, Haase N,
Hailpern S, Ho PM, Howard V, Kissela B, Kittner S, Lackland D, Lisabeth L,
Marelli A, McDermott MM, Meigs J, Mozaffarian D, Mussolino M, Nichol G,
Roger VL, Rosamond W, Sacco R, Sorlie P, Stafford R, Thom T, Wasserthiel-
Smoller S, Wong ND, Wylie-Rosett J. American Heart Association Statistics
Committee and Stroke Statistics Subcommittee. Executive summary: heart
disease and stroke statistics—2010 update: a report from the American
Heart Association. Circulation. 2010;121:948–54.

24. Stein EA, Sniderman A, Laskarzewski P. Assessment of reaching goal in
patients with combined hyperlipidemia: low-density lipoprotein cholesterol,
non-high-density lipoprotein cholesterol, or apolipoprotein B. Am J Cardiol.
2005;96:36K–43K. discussion 34K-5.

25. Blaha MJ, Blumenthal RS, Brinton EA, Jacobson TA. National Lipid
Association Taskforce on Non-HDL Cholesterol. The importance of non-HDL
cholesterol reporting in lipid management. J Clin Lipidol. 2008;2:267–73.

26. National Cholesterol Education Program (NCEP) Expert Panel on Detection.
Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel III): Third Report of the National Cholesterol Education
Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults (Adult Treatment Panel III) final report.
Circulation. 2002;106:3143–421.

27. Zhang Y, Wu NQ, Li S, Zhu CG, Guo YL, Qing P, Gao Y, Li XL, Liu G, Dong Q,
Li JJ. Non-HDL-C is a Better Predictor for the Severity of Coronary
Atherosclerosis Compared with LDL-C. Heart Lung Circ. 2016;25:975–81.

28. Emerging Risk Factors Collaboration, Di Angelantonio E, Gao P, Pennells L,
Kaptoge S, Caslake M, Thompson A, Butterworth AS, Sarwar N, Wormser D,
Saleheen D, Ballantyne CM, Psaty BM, Sundström J, Ridker PM, Nagel D,

Ma et al. Lipids in Health and Disease  (2017) 16:55 Page 8 of 9

http://dx.doi.org/10.1007/s10654-016-0219-6
http://dx.doi.org/10.1007/s10654-016-0219-6


Gillum RF, Ford I, Ducimetiere P, Kiechl S, Koenig W, Dullaart RP, Assmann G,
D’Agostino Sr RB, Dagenais GR, Cooper JA, Kromhout D, Onat A, Tipping RW,
Gómez-de-la-Cámara A, Rosengren A, Sutherland SE, Gallacher J, Fowkes FG,
Casiglia E, Hofman A, Salomaa V, Barrett-Connor E, Clarke R, Brunner E,
Jukema JW, Simons LA, Sandhu M, Wareham NJ, Khaw KT, Kauhanen J,
Salonen JT, Howard WJ, Nordestgaard BG, Wood AM, Thompson SG,
Boekholdt SM, Sattar N, Packard C, Gudnason V, Danesh J. Lipid-related
markers and cardiovascular disease prediction. JAMA. 2012;307:2499–506.

29. Mora S, Buring JE, Ridker PM. Discordance of low-density lipoprotein (LDL)
cholesterol with alternative LDL-related measures and future coronary
events. Circulation. 2014;129:553–61.

30. Nasir K, Shaw LJ, Liu ST, Weinstein SR, Mosler TR, Flores PR, Flores FR,
Raggi P, Berman DS, Blumenthal RS, Budoff MJ. Ethnic differences in
the prognostic value of coronary artery calcification for all-cause
mortality. J Am Coll Cardiol. 2007;50:953–60.

31. Brunzell JD, Davidson M, Furberg CD, Goldberg RB, Howard BV, Stein JH,
Witztum JL, American Diabetes Association; American College of Cardiology
Foundation. Lipoprotein management in patients with cardiometabolic risk:
consensus statement from the American Diabetes Association and the
American College of Cardiology Foundation. Diabetes Care. 2008;31:811–22.

32. Pastorius CA, Medina-Lezama J, Corrales-Medina F, Bernabé-Ortiz A, Paz-
Manrique R, Salinas-Najarro B, Khan ZA, Takahashi J, Toshima G, Zea-Diaz H,
Postigo-Macdowall M, Chirinos-Pacheco J, Ibañez F, Chirinos DA, Saif H,
Chirinos JA. Normative values and correlates of carotid artery intima-media
thickness and carotid atherosclerosis in Andean-Hispanics: The Prevencion
Study. Atherosclerosis. 2010;211:499–505.

33. Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults. Executive Summary of the Third Report of the
National Cholesterol Education Program (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel III). JAMA. 2001;285:2486–97.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Ma et al. Lipids in Health and Disease  (2017) 16:55 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Ethics statement
	Measurements
	Statistical analyses

	Results
	Population characteristics
	Association of carotid plaque and lipid levels
	Association of CIMT and non-HDL-C levels

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

