
Abstract

Aims/hypothesis. Non-HDL cholesterol (the sum of
LDL, VLDL and IDL cholesterol) is considered to be
particularly valuable in the management of dyslipi-
daemia in type 2 diabetes. However, it remains uncer-
tain whether the association between non-HDL cho-
lesterol and cardiovascular risk in type 2 diabetes de-
pends on the status of hyperglycaemia. We aimed to
determine whether non-HDL cholesterol predicts
CHD events among diabetic women independently of
currently established risk factors and the status of gly-
caemic control.
Methods. We prospectively followed 921 diabetic
women in the Nurses’ Health Study, who were free of
cardiovascular disease at the time that blood was
drawn in 1989/90. During 10 years of follow-up, we
identified 122 incident CHD cases.
Results. After adjustment for age, BMI, smoking, al-
cohol consumption, and other lifestyle risk factors, the
multivariate relative risks (RRs) of CHD for extreme
quartiles were 1.97 (95% CI: 1.14–3.43) for non-HDL

cholesterol, 1.78 (1.02–3.11) for apolipoprotein B-
100, and 1.93 (1.15–3.22) for LDL cholesterol. How-
ever, the association between non-HDL cholesterol
and CHD risk was only apparent among women with
elevated fasting triglycerides (RR for extreme quar-
tiles: 3.80; p=0.045). HbA1c was strongly associated
with increased CHD risk (RR for increase by 1 unit:
1.24; 95% CI: 1.13–1.35), and both non-HDL choles-
terol and HbA1c additively predicted CHD risk (RR
for the combination of high non-HDL cholesterol and
high HbA1c [tertiles]: 4.59).
Conclusions/interpretation. Our study suggests that
non-HDL cholesterol and HbA1c are potent predictors
of CHD risk in diabetic women. Therapies to lower
CHD risk in diabetic patients should emphasise both
glycaemic control and lipid lowering.
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Introduction

LDL is widely considered to be the major atherogenic
lipoprotein and the primary target of lipid-lowering
therapy [1]. In the majority of people who have low



triglyceride levels, LDL contains the bulk of athero-
genic cholesterol. However, triglyceride-rich lipopro-
teins VLDL and IDL contribute to the total of athero-
genic cholesterol, particularly in subjects with elevat-
ed triglycerides. As a consequence, non-HDL choles-
terol, the sum of LDL, VLDL and IDL cholesterol, as
a measure of total atherogenic cholesterol, has been
identified as a secondary target of lipid therapy among
subjects with elevated triglycerides by the Adult
Treatment Panel III of the National Cholesterol Edu-
cation Program [1]. Because the most common pattern
of dyslipidaemia in patients with type 2 diabetes is el-
evated triglyceride levels and decreased HDL choles-
terol levels, with LDL cholesterol not being signifi-
cantly different from that in non-diabetic individuals
[2], non-HDL cholesterol has been considered to be
particularly valuable in the management of dyslipi-
daemia in type 2 diabetes [3]. However, it remains un-
certain whether the association between non-HDL
cholesterol and cardiovascular disease (CVD) risk in
type 2 diabetes depends on the status of hypergly-
caemia. Given the relatively scarce data at hand, we
conducted this study to determine whether non-HDL
cholesterol predicts CHD events among diabetic
women independently of currently established risk
factors and the status of glycaemic control.

Subjects and methods

Subjects. The Nurses’ Health Study is a prospective cohort
study of 121,700 US nurses aged 30 to 55 years at study initia-
tion in 1976. This cohort is followed through biennial mailed
questionnaires focusing on various lifestyle factors and health
outcomes. In addition, in 1989/90 32,826 study participants
provided blood samples by overnight courier. Among partici-
pants who returned blood samples, 1,194 had a confirmed di-
agnosis of type 2 diabetes (as reported on a validated supple-
mentary questionnaire sent to all women who reported a diag-
nosis of diabetes) at baseline or during follow-up through
1996. The present study included 921 women who did not re-
port a diagnosis of myocardial infarction (MI), coronary by-
pass surgery (CABG), coronary angioplasty (PTCA) or stroke
on any of the biennial questionnaires before blood collection,
and for whom complete biomarker data were available. The
study was approved by the Human Research Committees at the
Harvard School of Public Health and the Brigham and Wom-
en’s Hospital; completion of the self-administered question-
naire was considered to imply informed consent.

Diabetes and cardiovascular endpoint definitions. Cases of di-
abetes were reported by the respondent on the biennial ques-
tionnaires. We mailed a supplementary questionnaire to all
women reporting a diagnosis of diabetes to obtain details about
the type of diabetes (type 1 or 2), date of diagnosis, symptoms,
diagnostic tests and hypoglycaemic treatment. In accordance
with the criteria of the National Diabetes Data Group [4], con-
firmation of type 2 diabetes required at least one of the follow-
ing self-reports on the supplementary questionnaire: (i) an ele-
vated plasma glucose concentration (fasting plasma glucose
≥7.8 mmol/l, random plasma glucose ≥11.1 mmol/l, and/or
plasma glucose ≥11.1 mmol/l after ≥2 h during an OGTT) plus

at least one classic symptom (excessive thirst, polyuria, weight
loss or hunger); (ii) no symptoms, but at least two elevated
plasma glucose concentrations (according to the above criteria)
on different occasions; or (iii) treatment with hypoglycaemic
medication (insulin or oral hypoglycaemic agent). We used the
National Diabetes Data Group criteria to define type 2 diabetes
because our subjects were diagnosed prior to the release of the
American Diabetes Association criteria of 1997 [5]. The valid-
ity of self-reported diagnosis of type 2 diabetes by supplemen-
tary questionnaire has been established by a separate validation
study through medical record reviews. Of the 84 women, 71
provided permission for medical record review and medical
records were obtained for 62. The diagnosis of type 2 diabetes
was confirmed in 61 of these women (98.4%) [6].

CHD endpoints consisted of fatal CHD, non-fatal MI, and
CABG/PTCA. The endpoint did not include angina pectoris.
Non-fatal MI was confirmed by reviewing medical records us-
ing the criteria of the World Health Organization of symptoms,
plus either typical electrocardiographic changes or elevated
cardiac enzyme levels [7]. Physicians who reviewed the
records had no knowledge of the self-reported risk factor sta-
tus. Deaths were reported by next of kin, the postal system,
and through records of the National Death Index. Using all
sources combined it is estimated that follow-up for deaths was
over 98% complete [8]. Fatal MI and coronary disease were
confirmed by review of medical records or autopsy reports
with the permission of the next of kin. The cause listed on the
death certificate was not sufficient to confirm a coronary
death. Sudden deaths (i.e. death within 1 h of symptom onset
in a man without known disease that could explain death) were
included in the fatal CHD category.

Blood collection and processing. Blood was collected from
32,826 participants in 1989–1990. Interested participants were
sent a blood collection kit that included supplies (blood tubes,
tourniquet, needles, bandage, coolant pack) and instructions.
Participants arranged for the blood to be drawn and sent the
samples back by prepaid overnight courier. Most samples ar-
rived within 24 h after the blood was drawn. After arrival in
the lab, samples were centrifuged and aliquoted into cryotubes
as plasma, buffy coat, and erythrocytes. Cryotubes were stored
in liquid nitrogen freezers at a temperature of −130°C or lower.

All biomarker analyses were carried out in the laboratory of
N. Rifai, which is certified by the NHLBI/CDC lipid standardi-
sation program. The concentrations of total cholesterol, HDL
cholesterol, and triglycerides were simultaneously measured
on the Hitachi 911 analyser using reagents and calibrates from
Roche Diagnostics (Indianapolis, Ind., USA); coefficients of
variation for these measurements were below 1.8%. LDL cho-
lesterol concentrations were measured by a homogenous direct
method from Genzyme Corporation (Cambridge, Mass., USA).
The day-to-day variability at LDL cholesterol concentrations
of 2.33, 2.74 and 3.34 mmol/l was below 3.1%. Apolipoprotein
B-100 (apoB100) concentrations were measured via an im-
munonephelometric assay using reagents and calibrators from
Wako Chemicals USA (Richmond, Va., USA) with a day-to-
day variability of less than 5%. HbA1c concentrations were de-
termined based on turbidimetric immunoinhibition using
haemolysed whole blood or packed red cells. The day-to-day
variability at HbA1c concentrations of 5.5 and 9.1% was 1.9
and 3.0% respectively. We calculated non-HDL cholesterol as
the difference between total and HDL cholesterol.

Assessment of lifestyle exposures. Participants provided infor-
mation biennially on their age, weight, smoking status, aspirin
use, postmenopausal hormone use, history of high blood pres-
sure, insulin use, oral hypoglycaemic medication, cholesterol-

2130 M. B. Schulze et al.:



lowering drug use, and physical activity. If the weight was
missing we used the weight reported on the preceding ques-
tionnaire instead. We calculated BMI as the ratio of weight (in
kg) to squared height (in m2), the latter being assessed in 1976.
Physical activity was computed as metabolic equivalents per
week using the duration per week of various forms of exercise,
weighting each activity by its intensity level [9]. History of
high blood pressure was determined from self-reports preced-
ing the blood collection. Parental history of coronary heart dis-
ease was reported in 1976. Alcohol intake was estimated with
a dietary questionnaire in 1990, 1994 and 1998.

Statistical analysis. We used Cox proportional hazards analysis
stratified on 5-year age categories and over each 2-year follow-
up interval to estimate the relative risks (RRs) for each
biomarker quartile compared with the lowest quartile. Per-
son–months of follow-up accumulated starting in June 1990.
Participants who were diagnosed with CHD, stroke or died
during follow-up were censored at the date of diagnosis or
death. All other participants were followed through June 2000.
Tests for trend were calculated by assigning the median values
to increasing categories of biomarkers. Multivariate models in-
cluded the following covariates: physical activity (quintiles),
alcohol intake (0, 0.1–4.9, 5.0–14.9, ≥15.0 g/day, missing), pa-
rental history of CHD, history of high blood pressure at time of
blood being drawn, aspirin use (<1/week, 1–2/week, 3–6/week,
7–14/week, ≥15/week, missing), smoking (never, past, current
1–14, current 15–24, current ≥25 cigarettes/day), postmeno-
pausal hormone use (premenopausal, never, past, current, mis-
sing), and BMI (missing, <23, 23–24, 25–27, 28–29, 30–34,
≥35). We tested for effect modification by triglyceride levels,
aspirin use, insulin use and oral hypoglycaemic medication by

performing Cox proportional hazards analyses stratified by
these variables and by evaluating interaction terms. In addi-
tion, we evaluated whether lipid markers were associated with
risk independently of the status of glycaemic control by cross-
classifying these markers with HbA1c levels and by evaluating
interaction terms, which were computed by modelling the ter-
tile medians as continuous variables. While we included in our
main analysis participants who reported a diagnosis of diabetes
after blood collection (n=245) and who reported the use of
cholesterol-lowering medication at baseline (n=36) to enhance
the statistical power of our study, the severity of insulin resis-
tance and the use of cholesterol-lowering medication may af-
fect blood lipid values and their metabolic consequences. To
evaluate whether these inclusions affected our results, we re-
peated the analysis excluding these women. A p value of less
than 0.05 was considered statistically significant. All statistical
analyses were performed using SAS statistical software Ver-
sion 8.0 (SAS institute, Cary, N.C., USA).

Results

During an average of 7.4 years of follow-up (6,835
person-years), we identified 122 incident cases of
CHD (46 non-fatal MI, 21 fatal MI, 55 CABG/
PTCA), confirmed by medical records. Among the
study population of 921 women, cases (women with
subsequent CHD events) had a significantly higher
baseline age, used insulin, oral hypoglycaemic medi-
cation and cholesterol-lowering medication more fre-
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Table 1. Baseline characteristics of cases and non-cases

Diabetic women Diabetic women p value
with incident CHD without CHD events 
(n=122) (n=799)

Age (years) 60.6±5.6 58.0±6.7 <0.001
Weight (kg) 77.8±21.2 78.3±22.8 0.841
BMI (kg/m2)a 29.7±5.9 30.1±6.4 0.951
Physical activity (METs/week) 19.3±90.4 32.1±134.7 0.152
Currently smoking (%) 17.2 12.9 0.195
Aspirin use (%) 36.9 33.8 0.502
Postmenopausal hormone use (%) 31.2 26.4 0.272
Insulin use (%) 29.5 17.7 0.002
Oral hypoglycaemic medication (%) 32.8 18.3 <0.001
Cholesterol-lowering drug use (%) 7.4 3.4 0.034
Parental history of CHD (%) 30.3 21.7 0.033
History of hypertension (%) 72.1 58.0 0.003
History of angina (%) 20.5 9.8 <0.001
Diabetes prevalent at blood collection (%) 86.9 71.3 <0.001
Alcohol intake (g/day)b 2.5±6.1 2.9±7.9 0.439
Total cholesterol (mmol/l) 6.15±1.10 5.82±1.12 0.001
LDL cholesterol (mmol/l) 3.79±0.94 3.58±0.97 0.011
HDL cholesterol (mmol/l) 1.29±0.41 1.34±0.38 0.090
Non-HDL cholesterol (mmol/l) 4.85±1.11 4.47±1.13 <0.001
Ratio of total cholesterol : HDL cholesterol 5.22±2.10 4.64±1.48 0.001
Fasting triglycerides (mmol/l)c 2.56±1.62 2.15±1.60 0.009
ApoB100 (g/l) 1.09±0.24 1.02±0.25 0.001
Lipoprotein (a) (µmol/l) 0.74±0.90 0.63±0.89 0.142
HbA1c (%) 7.6±1.9 6.8±1.7 <0.001

Data are means ± SD or percentages; tests were two-sided Wilcoxon rank test or chi square test. a 119 cases and 772 non-cases due
to missing values; b 118 cases and 752 non-cases due to missing values; c 94 cases and 526 non-cases



quently, and had higher levels of total cholesterol,
LDL cholesterol, non-HDL cholesterol, fasting
triglycerides, apoB100, HbA1c, and a higher total cho-
lesterol : HDL cholesterol ratio (Table 1). In addition,
cases were more likely to have a history of hyperten-
sion, a history of angina, and a parental history of

CHD at the time of blood collection. Although HDL
cholesterol appeared to be lower in cases than in con-
trols, this association was not statistically significant.

Increasing levels of non-HDL cholesterol, apoB100,
total cholesterol and LDL cholesterol were strongly as-
sociated with progressively higher risk of CHD (Ta-

2132 M. B. Schulze et al.:

Table 2. Relative risks (95% CIs) of CHD according to quartiles of biomarkers among 921 diabetic women

Quartiles of biomarker p for trend

1 (low) 2 3 4 (high)

Non-HDL cholesterol
Median (mmol/l) 3.28 4.11 4.77 5.81
Age-adjusted RR 1.00 1.51 (0.84–2.70) 1.49 (0.84–2.64) 2.12 (1.23–3.63) 0.007
Multivariate-adjusted RRa 1.00 1.46 (0.81–2.64) 1.53 (0.85–2.73) 1.97 (1.14–3.43) 0.016

ApoB100

Median (g/l) 0.74 0.93 1.10 1.31
Age-adjusted RR 1.00 1.23 (0.68–2.24) 1.68 (0.96–2.93) 1.97 (1.14–3.39) 0.007
Multivariate-adjusted RRa 1.00 1.17 (0.64–2.14) 1.70 (0.97–3.00) 1.78 (1.02–3.11) 0.020

Total cholesterol
Median (mmol/l) 4.62 5.46 6.10 7.09
Age-adjusted RR 1.00 1.04 (0.59–1.83) 1.10 (0.63–1.91) 1.75 (1.06–2.90) 0.016
Multivariate-adjusted RRa 1.00 1.08 (0.61–1.91) 1.14 (0.65–2.01) 1.77 (1.06–2.95) 0.016

LDL cholesterol
Median (mmol/l) 2.54 3.31 3.87 4.65
Age-adjusted RR 1.00 1.25 (0.72–2.18) 1.06 (0.60–1.87) 1.81 (1.09–3.00) 0.025
Multivariate-adjusted RRa 1.00 1.34 (0.77–2.35) 1.11 (0.63–1.98) 1.93 (1.15–3.22) 0.016

HDL cholesterol
Median (mmol/l) 0.94 1.17 1.38 1.77
Age-adjusted RR 1.00 0.58 (0.36–0.94) 0.41 (0.24–0.70) 0.70 (0.44–1.10) 0.126
Multivariate-adjusted RRa 1.00 0.66 (0.40–1.07) 0.44 (0.25–0.76) 0.85 (0.52–1.39) 0.391

Fasting triglyceridesb

Median (mmol/l) 0.98 1.56 2.25 3.45
Age-adjusted RR 1.00 0.84 (0.45–1.56) 0.90 (0.49–1.64) 1.64 (0.94–2.83) 0.027
Multivariate-adjusted RRa 1.00 0.70 (0.37–1.34) 0.80 (0.42–1.49) 1.42 (0.79–2.54) 0.070

Total cholesterol: HDL cholesterol ratio
Median 3.13 3.99 4.99 6.33
Age-adjusted RR 1.00 0.60 (0.32–1.12) 1.37 (0.83–2.27) 1.56 (0.95–2.54) 0.006
Multivariate-adjusted RRa 1.00 0.55 (0.29–1.05) 1.27 (0.74–2.15) 1.36 (0.80–2.32) 0.028

Lipoprotein (a)
Median (µmol/l) 0.06 0.19 0.38 1.76
Age-adjusted RR 1.00 0.85 (0.50–1.44) 1.00 (0.60–1.66) 1.26 (0.78–2.03) 0.158
Multivariate-adjusted RRa 1.00 0.99 (0.57–1.70) 1.11 (0.66–1.87) 1.42 (0.86–2.33) 0.106

HbA1c
Median (%) 5.21 5.80 6.90 8.97
Age-adjusted RR 1.00 2.56 (1.24–5.31) 3.11 (1.53–6.31) 4.66 (2.36–9.20) <.001
Multivariate-adjusted RRa 1.00 2.49 (1.19–5.23) 3.19 (1.56–6.53) 4.92 (2.46–9.85) <.001

a Adjusted for age, physical activity (quintiles), alcohol intake
(0, 0.1–4.9, 5.0–14.9, ≥15.0 g/day, missing), parental history of
CHD, history of high blood pressure at blood collection, aspi-
rin use (<1/week, 1–2/week, 3–6/week, 7–14/week,
≥15.0/week, missing), smoking (never, past, current 1–14, cur-

rent 15–24, current ≥25 cigarettes/day), postmenopausal hor-
mone use (premenopausal, never, past, current, missing), and
BMI (missing, <23, 23–24, 25–27, 28–29, 30–34, ≥35); b 94
cases and 526 non-cases



Table 3. Relative risksa (95% CIs) of cardiovascular events according to levels of non-HDL by triglyceride levels, aspirin use, in-
sulin use and oral hypoglycaemic drug use among 921 diabetic women

Cases Quartiles of non-HDL (mmol/l) p for
trend

1 (low) 2 3 4 (high)

Fasting triglycerides <2.26 mmol/l 48 1.00 1.38 (0.64–2.98) 1.42 (0.64–3.13) 0.53 (0.18–1.56) 0.400
Fasting triglycerides ≥2.26 mmol/l 46 1.00 2.79 (0.52–15.07) 2.01 (0.40–10.18) 3.80 (0.83–17.46) 0.046

p=0.045 for interaction

No daily aspirin use 77 1.00 1.60 (0.74–3.47) 2.23 (1.08–4.60) 2.42 (1.19–4.95) 0.011
Daily aspirin use 45 1.00 1.26 (0.50–3.16) 0.73 (0.26–1.99) 1.40 (0.58–3.39) 0.541

p=0.288 for interaction

No insulin use 86 1.00 2.06 (0.94–4.50) 1.91 (0.86–4.23) 2.87 (1.37–6.03) 0.006
Insulin use 36 1.00 1.09 (0.37–3.26) 1.40 (0.56–3.51) 1.81 (0.66–4.98) 0.238

p=0.420 for interaction

No oral hypoglycaemic medication 82 1.00 1.22 (0.61–2.44) 1.16 (0.57–2.36) 2.07 (1.08–3.96) 0.020
Oral hypoglycaemic medication 40 1.00 3.26 (1.00–10.68) 3.11 (1.00–9.68) 1.83 (0.60–5.63) 0.651

p=0.175 for interaction

a Relative risks adjusted for age, physical activity (quartiles),
alcohol intake (0, 0.1–4.9, ≥5.0 g/day), parental history of
CHD, history of high blood pressure at blood draw, smoking
(never, past, current), postmenopausal hormone use (premeno-

pausal or never, past, current), and BMI (missing, <23, 23–24,
25–27, 28–29, ≥30) and aspirin use (non-daily, daily) depend-
ing on model
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ble 2). The age-adjusted RRs for extreme quartiles were
2.12 for non-HDL cholesterol, 1.97 for apoB100, 1.81
for LDL cholesterol and 1.75 for total cholesterol. In
addition, fasting triglycerides and an increased total
cholesterol : HDL cholesterol ratio were associated
with a moderate increase in risk (RRs for extreme quar-
tiles: 1.64 and 1.56, p=0.027 and p=0.006 respectively).
HDL cholesterol was not significantly associated with
risk. These associations remained similar after further
adjustment for BMI, alcohol consumption, smoking,
parental history of CHD, physical activity, history of
high blood pressure, aspirin use, and postmenopausal
hormone use, except for fasting triglycerides, where the
positive association was no longer statistically signifi-
cant (p=0.070). In addition, HbA1c was strongly associ-
ated with increased CHD risk. The multivariate adjust-
ed RR for an HbA1c increase of 1 unit was 1.24 (95%
CI: 1.13–1.35). Across increasing quartiles of HbA1c,
the RRs were 1.00, 2.49, 3.19 and 4.92 (p<0.001).

In a secondary analysis, we excluded 245 partici-
pants who were diagnosed with type 2 diabetes after
blood collection (n=106 for remaining CHD cases).
Non-HDL cholesterol remained strongly associated
with risk (multivariate-adjusted RR for extreme quar-
tiles: 1.84; 95% CI: 1.03–3.28; p=0.037). In addition,
exclusion of 36 women reporting use of cholesterol-
lowering drugs at baseline did not materially change
our results (multivariate-adjusted RR for extreme
quartiles of non-HDL cholesterol: 1.79, 95% CI:
1.01–3.17, p=0.055).

We also evaluated whether the association between
non-HDL cholesterol and CHD risk is modified by as-

pirin use, oral hypoglycaemic medication, or the level
of fasting triglycerides (Table 3). Tests for interactions
were all non-significant for aspirin use, insulin use
and oral hypoglycaemic medication. However, the as-
sociation appeared to be stronger (RR for extreme
quartiles: 3.80; p=0.046) among women with high tri-
glyceride levels (≥2.26 mmol/l) compared with among
women with low triglyceride levels (p=0.045).

We examined the joint effect of blood lipids (LDL
cholesterol, non-HDL cholesterol, HDL cholesterol,
apoB100, and fasting triglycerides) and HbA1c by
cross-classifying participants according to their lipids
and their HbA1c (Fig. 1). HbA1c appeared to be asso-
ciated with an increased CHD risk at any lipid level.
Also, the associations of non-HDL cholesterol, LDL
cholesterol and apoB100 with CHD risk were largely
independent of HbA1c levels. The RRs for the combi-
nation of high lipid level (upper tertile) and high
HbA1c level (upper tertile) compared with the oppo-
site extreme were 4.59 for non-HDL cholesterol, 4.14
for LDL cholesterol and 4.78 for apoB100. Higher
HDL cholesterol appeared to be associated with a de-
creased risk among women with low HbA1c (RR for
extreme tertiles: 0.39), but this association was weak-
er or not existent among women with moderate or
high HbA1c. However, the test for interaction was not
statistically significant (p=0.124). Fasting triglyc-
erides were associated with an increased risk among
women with low HbA1c (RR for extreme tertiles:
3.32), but this association was not present among
women with high HbA1c. This interaction was statisti-
cally significant (p=0.033).



Discussion

In this prospective cohort of 921 diabetic women
without a previous history of cardiovascular disease at
the beginning of this study, higher levels of non-HDL
cholesterol, apoB100 and LDL cholesterol at baseline
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Fig. 1. Relative risk of CHD by different levels (tertiles) of
HbA1c and non-HDL cholesterol (a), LDL cholesterol (b),
apoB100 (c), fasting triglycerides (d) and HDL cholesterol (e)

were associated with a significantly increased future
risk of CHD independently of age, BMI, smoking and
other lifestyle CHD risk factors. These associations
were not modified by the status of glycaemic control.
Non-HDL cholesterol appeared to be a strong predic-
tor of CHD risk; however, the association with CHD
risk may be stronger among women with elevated
triglycerides (≥2.26 mmol/l). HDL cholesterol was not
a significant predictor of CHD risk, and the total cho-
lesterol : HDL cholesterol ratio was associated with
only a moderately increased risk.

The role of non-HDL cholesterol as a predictor of
CVD risk among subjects with type 2 diabetes has
been evaluated in two previous studies [10, 11]. The
RR comparing extreme tertiles of non-HDL cholester-
ol was 1.80 (95% CI: 1.32–2.46) in the Strong Heart
Study, a study among 772 American Indian men and
1336 women [10]. Similarly, a high non-HDL choles-
terol (≥5.2 mmol/l) was associated with a 60% in-
crease in CHD mortality and a 70% increase of all
CHD events in a study among 581 Finnish men and
478 women [11]. Both studies suggested that non-
HDL cholesterol is a stronger predictor of CHD than
LDL cholesterol, although this was not formally test-
ed. Similarly, non-HDL cholesterol predicted risk of
CVD among 779 subjects with impaired glucose me-



tabolism or diagnosed type 2 diabetes in the Hoorn
Study [12]. Studies in non-diabetic subjects generally
found strong associations between non-HDL choles-
terol and CVD risk [13, 14, 15, 16, 17].

In our study, HbA1c was the most potent predictor of
CHD risk, but non-HDL cholesterol, LDL cholesterol
and apoB100 were associated with increased CHD risk
independently of the status of glycaemic control. These
results suggests that both tight glycaemic control and
lipid lowering are needed to reduce the excess risk of
CHD in patients with type 2 diabetes [18]. Similar to
our study, HDL cholesterol and the total cholesterol :
HDL cholesterol ratio were not associated or only mod-
erately associated with CVD risk among diabetic wom-
en in the Strong Heart Study [10]. However, in our
study, an inverse association between HDL cholesterol
and CHD risk appeared to be present among women
with low HbA1c but not among women with high
HbA1c. Likewise, fasting triglyceride levels were only
associated with an increased CHD risk among women
with low HbA1c. One potential explanation is that the
effects of HDL cholesterol and triglycerides are masked
by poor glycaemic control. However, our findings are
in contrast to the study by Letho et al., who found no
significant interactions between fasting glucose levels
and HDL cholesterol and triglyceride levels [11].

In contrast to our study, non-HDL cholesterol was
associated with risk among diabetic subjects indepen-
dently of their triglyceride levels in the Strong Heart
Study [10]. This observation has led to the opinion
that non-HDL cholesterol may be generally superior
to LDL cholesterol as a therapy target in type 2 diabe-
tes [3]. However, our results suggest that non-HDL
cholesterol may predict CHD risk only among women
with elevated triglyceride levels. In most persons with
triglyceride levels below 2.26 mmol/l, VLDL choles-
terol is not substantially elevated [19] and non-HDL
cholesterol correlates highly with LDL cholesterol
[20, 21]. Therefore, at lower triglyceride levels, non-
HDL cholesterol would be expected to provide little
additional power to predict CHD. When triglyceride
levels are 2.26 mmol/l or higher, VLDL cholesterol
levels are distinctly raised [19] and LDL cholesterol
concentrations are less well correlated with non-HDL
cholesterol levels [20, 21]. In the presence of high se-
rum triglycerides, non-HDL cholesterol, therefore,
will better represent the concentrations of all athero-
genic lipoproteins than will LDL cholesterol alone [1].
Our finding supports the recommendation of the Adult
Treatment Panel III to use non-HDL cholesterol as a
secondary target of therapy (after LDL cholesterol
lowering) among subjects with elevated triglycerides
[1]. Also, non-HDL cholesterol determination appears
to be easier and more reliable than LDL cholesterol
determination in diabetic subjects (LDL cholesterol is
usually calculated requiring fasting triglyceride levels
below 4.52 mmol/l, in contrast to the direct measure-
ment in our study) [3], and might therefore be superior

to LDL cholesterol as a target for management of dys-
lipidaemia in type 2 diabetes.

One limitation of our study is the relatively small
sample size, which may have led to unstable estimates
in stratified analyses, particularly for fasting samples.
In addition, we used one blood sample per subject
only and were therefore not able to account for intra-
individual variation of lipoproteins. This may have led
to an underestimation of the effect size, particularly
for triglycerides. A further limitation of our study is
the reliance on self-reported body weight. It is possi-
ble that underreporting of body weight, particularly
among heavier women, may have led to an underesti-
mation of BMI. However, correlation between self-re-
ported and technician-measured body weight was
found to be high in this cohort (r=0.96) [22]. Body
weight was missing for 3% of women at baseline and
for up to 10% during each follow-up cycle. We carried
forward body weight from previous questionnaires if
it was missing, to reduce misclassification, although
this ignored potential weight gain during follow-up.

In conclusion, our results suggest that non-HDL
cholesterol, LDL cholesterol and apoB100 are strong
predictors of CHD among diabetic women indepen-
dently of the status of glycaemic control. Non-HDL
cholesterol might be particularly valuable as a risk
marker among diabetic women with elevated triglyce-
ride levels. Both tight glycaemic control and lipid
lowering are needed to reduce the excess risk of CHD
in patients with type 2 diabetes.
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