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Abstract

Apolipoprotein B (apoB) and nonHDL-cholesterol (nonHDL-C) are cardiovascular disease (CVD) 

risk markers, although data in adults with type 1 diabetes mellitus (DM) are limited. We 

hypothesized that elevated apoB and nonHDL-C would be associated with greater odds of 

coronary artery calcification progression (CACp), a measure of coronary atherosclerosis, than 

either category alone in adults with type 1 DM. We grouped subjects with type 1 DM (n=652) into 

four groups; elevated apoB (≥90mg/dL) and elevated nonHDL-C (≥130mg/dL), elevated 

nonHDL-C alone, elevated apoB alone, and normal apoB and nonHDL-C. We employed logistic 

regression to examine the associations between the groups and CACp over 6-years. We performed 

sensitivity analyses with elevated apoB and nonHDL-C re-defined as ≥ cohort means (91.4, 119.0 

mg/dL respectively). Subjects with elevated apoB and nonHDL-C had greater odds of CACp 

compared to subjects with normal apoB and nonHDL-C (OR: 1.90, 95% CI 1.15-3.15), and 

compared to subjects with elevated apoB alone (OR: 2.86, 95% CI 1.43-5.74) adjusting for age, 

sex, duration, HbA1c and statins. Similar results were obtained with elevated apoB and nonHDL-

C defined as ≥ the cohort means. In conclusion, elevated apoB and nonHDL-C carry a greater risk 

of atherosclerosis than elevated apoB in the absence of elevated nonHDL-C in adults with type 1 

DM. These data suggest that apoB and nonHDL-C should be viewed as complementary rather 

than competitive indices of CVD risk in type 1 DM.
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Introduction

Apolipoprotein B (apoB) and non-high density lipoprotein-cholesterol (nonHDL-C) have 

been proposed to be superior indicators of cardiovascular (CV) risk than total cholesterol 

and/or low density lipoprotein-cholesterol (LDL-C) [1-5]. Some authors argue that while 

non-HDL-C and apoB correlate, they are not interchangeable, and may provide unique 

information about CV risk [6]. There are insufficient data on the concordance between apoB 

and nonHDL-C in adults with type 1 diabetes mellitus (DM) across a wide range of risk 

factors for atherosclerosis including triglycerides (TG) [7] and body mass indices (BMI) [8]. 

Moreover, it remains unclear whether elevated apoB (≥90mg/dL) or elevated nonHDL-C 

(≥130mg/dL) independently carries the same risk for atherosclerosis as elevation of both 

lipid indices in type 1 DM. When comparing two tests, the clinical consequences of the tests 

are best understood through their agreement and disagreement [9]. In cases where elevated 

apoB or elevated nonHDL-C are individually associated with the same risk for 

atherosclerosis as elevation of both lipid indices, risk may be equally served by either test. 

This is clinically important as measurement of apoB incurs an additional cost. Accordingly 

in this study, we sought to examine the correlation of nonHDL-C and apoB across a wide 

range of lipid, metabolic profiles and cardiovascular profiles in adults with type 1 DM in the 

Coronary Artery Calcification in Type 1 Diabetes (CACTI) Study. Second, we sought to 

examine whether adults with elevated measures of apoB (≥90mg/dL) and nonHDL-C 

(≥130mg/dL) had greater odds of CAC progression (CACp) compared to adults with 

elevated apoB alone or elevated nonHDL-C alone, and compared to adults with normal 

measures of both apoB and nonHDL-C.

Methods

The CACTI Study enrolled 1416 subjects 19-56 years old, 652 with type 1 DM and 764 

without diabetes, who were asymptomatic for cardiovascular disease (CVD) at the baseline 

visit in 2000-02 and then were re-examined 6 years later. The study was approved by the 

Colorado Multiple Institutional Review Board and all participants provided informed 

consent.

We measured height and weight, and calculated BMI in kg/m2. Resting systolic (SBP) and 

fifth-phase diastolic blood pressure (DBP) were measured three times while the patient was 

seated, and the second and third measurements were averaged. After an overnight fast, blood 

was collected, centrifuged, and separated. Plasma was stored at 4°C until assayed. High 

performance liquid chromatography was used to measure HbA1c (HPLC, BioRad variant). 

Total plasma cholesterol and triglyceride (TG) levels were measured using standard 

enzymatic methods, HDL-C was separated using dextran sulfate and LDL-C was calculated 

using the Friedewald formula. NonHDL-C was calculated by subtracting HDL-C from total 

cholesterol, and the ratio of TG to HDL-C was calculated by dividing TG by HDL-C. ApoB 

was measured by Beckman Array Nephelometer (Beckman Coulter Inc., Brea, CA). 

Elevated apoB was defined as ≥90mg/dL and elevated nonHDL-C as ≥130mg/dL per 

consensus report from the American Diabetes Association (ADA) and the American College 

of Cardiology Foundation (ACC) [10].
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CAC measurements were obtained in duplicate using an ultrafast Imatron C-150XLP 

electron beam computed tomography scanner (Imatron, San Francisco, CA) and the two 

scores were averaged. The average of the two scores was used as the CAC score for that 

visit. Scans were repeated on follow-up, an average of 6.2±0.6 years after the baseline exam. 

Presence of CAC was defined as a CAC score > 0. Progression of CAC was defined as an 

increase in volume of CAC of ≥2.5 square root transformed units.

Differences between men and women were assessed using Chi-Square for categorical 

variables and t-test for continuous variables. To examine the relationships between apoB and 

nonHDL-C we employed Pearson's correlation and scatter plots. We explored the 

relationship in entire cohort, and also stratified the analyses by tertiles of TG (low: <67, mid: 

67-95 and high: ≥ 95 mg/dL), BMI (low: <24.1, mid: 24.1-27.3 and high: ≥ 27.3 kg/m2), 

statin use and presence / absence of CACp respectively. The agreement between elevated 

apoB (≥90mg/dL) and elevated nonHDL-C (≥130mg/dL) were tested with Chi-squared and 

Kappa-test with Kappa coefficient < 0 indicating no agreement, <0.40 as poor, 0.40-0.60 as 

moderate, over 0.61-0.80 as good and above 0.81 as excellent. We stratified subjects into 

four groups; those with elevated apoB and elevated nonHDL-C (n=196), those with elevated 

apoB and normal nonHDL-C (n=116), those with normal apoB and elevated nonHDL-C 

(n=10) and those with normal apoB and normal nonHDL-C (n=330). Due to the limited 

number of subjects with normal apoB and elevated nonHDL-C (n=10), we also grouped 

subjects by mean apoB (91.4mg/dL) and mean nonHDL-C (119.0mg/dL); those with apoB 

and nonHDL-C ≥ to cohort means (n=247), those with only nonHDL-C ≥ cohort mean 

(n=41), those with only apoB ≥ cohort mean (n=39) and those with apoB and nonHDL-C < 

cohort means (n=325). Multivariable logistic regression models were applied to examine the 

odds of CAC progression among the groups; unadjusted and adjusted for sex, age, HbA1c, 

SBP and statin use. Gender was evaluated for effect modification of the 4-level categorical 

apoB/nonHDL-C variables by adding the gender by apoB/nonHDL-C variable interaction 

term in the logistic regression models. The interaction terms were not significant and gender 

was considered a confounder. We also performed C-statistics and examined the area under 

the receiver operating characteristics (ROC) curves for CACp by elevated apoB and 

elevated nonHDL-C, elevated apoB and normal nonHDL-C and normal apoB and elevated 

nonHDL-C. The C-statistic has been criticized for insensitivities to changes in clinical 

decisions yielded for information gained [11-14]. Therefore, we also integrated 

discrimination index (IDI), which uses probability differences to examine prediction 

performance [11-14]. All analyses were performed in in SAS (version 9.3 for Windows; 

SAS Institute, Cary, NC). A value of P < 0.05 was considered statistically significant.

Results

Participant characteristics are shown in Table 1. ApoB and nonHDL-C correlated well at 

baseline (r=0.91, p<0.0001) in the entire type 1 DM cohort. There were no apparent 

differences observed when correlation was stratified by CACp status (Figure 1A), tertiles of 

TG (Figure 1B), statin use (Figure 1C), tertiles of BMI (Supplemental figure 1) and tertiles 

of LDL-C (Supplemental figure 2).
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Elevated apoB and nonHDL-C were concordant, with an overall Kappa coefficient of 0.62 

(95% CI 0.56-0.68) indicating good agreement between elevated apoB and nonHDL-C 

beyond chance. Of the 206 subjects with elevated nonHDL-C, 196 had elevated apoB. In 

contrast, only 196 of the 312 subjects with elevated apoB had elevated nonHDL-C. Even 

though apoB and nonHDL-C correlate, and elevated indices of each measure are concordant, 

it does not necessarily mean that they have the same association with cardiovascular risk. 

Subjects with elevated apoB and nonHDL-C had significantly greater odds of CACp 

compared to those with normal apoB and nonHDL-C, but also compared to those with 

elevated apoB alone after adjusting for sex, age, HbA1c and statin use (Table 2).

We also examined the area under the curve of ROC for CACp by elevated apoB and 

elevated nonHDL-C, elevated apoB and normal nonHDL-C and normal apoB and elevated 

nonHDL-C. The AUC as a relative measure of test efficiency was highest for elevated apoB 

and elevated nonHDL-C (AUC= 0.57, 95% CI 0.53-0.61) compared to elevated apoB and 

normal nonHDL-C (AUC = 0.52, 95% CI 0.49-0.56) and normal nonHDL-C and elevated 

apoB (AUC = 0.51, 95% CI 0.50-0.52). The difference in AUC between participants with 

elevated apoB and elevated nonHDL-C and those with normal apoB and elevated nonHDL-

C was significant (∆AUC 0.06, 95% 0.02-0.11, p=0.006). The difference in AUC between 

participants with elevated apoB and elevated nonHDL-C and those with elevated apoB and 

normal nonHDL-C (∆AUC 0.05, 95% 0.004-0.09, p=0.03) was also significant. 

Furthermore, the addition of apoB to a model with HbA1c, SBP and LDL-C (ABC risk 

factors) and age, did not improve the IDI for CACp (p=0.32). In contrast, the addition of 

nonHDL-C to the ABC and age model improved IDI (0.01±0.005, p=0.02) for CACp. 

Moreover, the addition of nonHDL-C to a model with ABC, age and apoB also improved 

IDI (0.01±0.005, p=0.02) for CACp. Conversely, the addition of apoB to a model with 

ABC, age and nonHDL-C did not improve IDI (p=0.70) for CACp.

Discussion

We report strong correlation between apoB and nonHDL-C across a wide range of lipid, 

metabolic and cardiovascular profiles in adults with type 1 DM. A significant proportion of 

subjects had elevated apoB in the absence of elevated nonHDL-C, in contrast to vice versa. 

Elevated apoB and nonHDL-C carried a significantly greater risk of atherosclerosis than 

elevated apoB in the absence of elevated nonHDL-C. These data suggest that apoB and 

nonHDL-C may provide unique risk information for atherosclerosis and should be viewed as 

complementary rather than competitive indices of CVD risk in adults with type 1 DM.

The ADA and the ACC support measuring apoB or LDL particle concentration, in 

conjunction with using LDL-C and nonHDL-C, in adults at high risk for CVD for assessing 

risk and guiding therapy [10, 15]. ApoB and nonHDL-C and their association with CVD-

risk are well-described in the literature, and most studies, but not all [16, 17], have 

demonstrated that apoB and nonHDL-C are more closely associated with CVD-risk and all-

cause mortality in adults than LDL-C [1-5]. Expert opinion suggests that apoB and 

nonHDL-C should be considered to be complementary rather than competitive indices to 

LDL-C in adults with type 1 DM [18], and that it is useful to measure both LDL-C and 

nonHDL-C or apoB, especially when considering lipid lowering therapy [19]. It remains 
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unclear however whether apoB is superior to nonHDL-C or vice versa for CVD-risk 

prediction [17, 20, 21], but our data suggest that odds of CACp is highest when apoB and 

nonHDL-C are concordant.

NonHDL-C was established to improve risk estimation beyond LDL-C from Friedewald's 

formula in the presence of hypertriglyceridemia, since associated changes in VLDL-TG/

VLDL-C ratio may lead to LDL-C underestimation [22]. NonHDL-C represents the 

cholesterol content of VLDL-C, remnants, and LDL-C particles [23]. ApoB directly 

measures the aggregate number of all atherogenic lipoproteins since each atherogenic 

particle contains one apoB molecule [23]. Some authors believe apoB may provide a more 

complete picture of the lipoprotein profile as it will account for small, dense, more 

atherogenic particles [24]. Proponents of apoB also argue that the apoB concept is 

intrinsically easier to understand than nonHDL-C, which represents “a state of otherness” 

defined by a non-number, instead of a single atherogenic lipid variable [25-27].

The strengths of our paper include longitudinal data over 6-years, a moderately large cohort 

of adults with type 1 diabetes, and the use of CAC to evaluate coronary atherosclerosis. 

CAC is accepted as a quantifiable, reliable, noninvasive marker of the extent of coronary 

atherosclerosis, and CACp predicts both fatal and nonfatal coronary events [28]. Another 

strength of our study is the use of C-statistics and IDI to evaluate prediction performance of 

apoB and nonHDL-C for CACp. There are limitations of this study worth mentioning. We 

employed ≥90mg/dL and ≥130mg/dL to define elevated apoB and nonHDL-C respectively 

per ADA/ACC consensus statement [10]. Although apoB equates to 90mg/dL for a 

nonHDL-C of 130mg/dL using published apoB estimating equations, these are not validated 

for subjects with type 1 DM [26, 27]. In our cohort the mean apoB was > 90mg/dL, in 

contrast the mean nonHDL-C was lower than 130mg/dL. Due to the discordance between 

elevated apoB and elevated nonHDL-C by ≥90mg/dL and ≥130mg/dL, which could related 

to the higher levels of HDL-C in adults with type 1 diabetes, we reran the logistic models 

with subjects grouped by apoB and nonHDL-C being ≥ cohort means or < means for each 

lipid index. The 6-year follow-up may be insufficient to fully examine CACp in a cohort of 

relatively young adults with type 1 DM and fairly favorable lipid profiles. We did not have 

data on thyroid function which is known to affect apoB and nonHDL-C concentrations and 

this may have confounded our findings. Furthermore, results from this study may not be 

generalizable to significantly younger or older subjects with type 1 DM.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1A. Scatter Plot and Regression Line between Apolipoprotein B and Non-High Density 
Lipoprotein Cholesterol Stratified by Coronary Artery Calcification Progression
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Figure 1B. Scatter Plot and Regression Line between Apolipoprotein B and Non-High Density 
Lipoprotein Cholesterol Stratified by Tertiles of Triglycerides
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Figure 1C. Scatter Plot and Regression Line between Apolipoprotein B and Non-High Density 
Lipoprotein Cholesterol Stratified by Statin Use
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Table 1
Coronary Artery Calcification in Type 1 Diabetes Study (CACTI) Participants with Type 
1 DM at Baseline

Men (n=298) Women (n=354) p-value

Age (years) 37 ± 9 36 ± 9 0.07

Diabetes duration (years) 24 ± 9 23 ± 9 0.29

Hemoglobin A1c [HbA1c] (%) 8.0 ± 1.2 8.0 ± 1.3 0.90

Low-density lipoprotein-cholesterol [LDL-C] (mg/dL) 104 ± 30 98 ± 28 0.007

High-density lipoprotein-cholesterol [HDL-C] (mg/dL) 51 ± 14 60 ± 17 <0.0001

Estimated insulin sensitivity [eIS] (mg * kg -1 * min -1) 3.8 ± 1.4 4.8 ± 1.6 <0.0001

Body mass index [BMI] (kg/m2) 26.5 ± 3.9 26.0 ± 4.7 0.09

Triglycerides [TG] (mg/dL) 80 (61-113) 77 (61-104) 0.23

Non-high-density lipoprotein-cholesterol [nonHDL-C] at baseline (mg/dL) 123 ± 33 116 ± 32 0.007

Non-high-density lipoprotein-cholesterol [nonHDL-C] at 3-years (mg/dL) 117 ± 30 114 ± 31 0.33

Apolipoprotein B at baseline [apoB] (mg/dL) 94 ± 25 89 ± 23 0.003

Apolipoprotein B at 3-years [apoB] (mg/dL) 87 ± 20 85 ± 22 0.30

Non-high-density lipoprotein-cholesterol [nonHDL-C] ≥130mg/dL 38% 27% 0.004

Apolipoprotein B [apoB] ≥90mg/dL 50% 48% 0.53

On antihypertensive medications 41% 35% 0.09

On statins 21% 13% 0.004

Ever smoker (% yes) 18% 22% 0.21

Any coronary artery calcification [CAC] at baseline 49% 28% <0.0001

Coronary artery calcification progression [CACp] over 6-years 53% 34% <0.0001

Data are means ± standard deviation, % or median (25th – 75th %)
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Table 2
Multivariable Logistic Regression Models with Coronary Artery Calcification 
Progression in Adults with Type 1 DM

Baseline apoB (elevated ≥ 90 mg/dL or normal <90 mg/dL)
Baseline nonHDL-C (elevated ≥ 130 mg/dL or normal <130 mg/dL)

CAC progression over 6-years OR, 95% CI* OR, 95% CI* OR, 95% CI*

Elevated apoB and elevated nonHDL-C (n=196) 190 (1.15-3.15) p=0.01 2.86 (1.43-5.74) p=0.003 1.11 (0.15-8.45) p=0.92

Normal apoB and elevated nonHDL-C (n=10) 1.71 (0.23-12.82) p=0.60 2.57 (0.33-20.28) p=0.37 1.00 (reference)

Elevated apoB and normal nonHDL-C (n= 116) 0.67 (0.35-1.26) p=0.21 1.00 (reference) 0.39 (0.05-3.07) p=0.37

Normal apoB and normal nonHDL-C (n=330) 1.00 (reference) 1.50 (0.79-2.85) p=0.21 0.59 (0.08-4.38) p=0.60

Baseline apoB (at or above means ≥ 91.4 mg/dL or below means < 91.4 mg/dL)
Baseline nonHDL-C (at or above means ≥ 119.0 mg/dL or below means <119.0 mg/dL)

CAC progression over 6-years OR, 95% CI* OR, 95% CI* OR, 95% CI*

Above means for apoB and nonHDL-C (n=247) 1.67 (1.04-2.67) p=0.03 5.24 (1.58-17.43) p=0.007 1.57 (0.62-3.97) p=0.34

Above means for nonHDL-C only (n=41) 1.06 (0.04-2.67) p=0.90 3.34 (0.79-14.07) p=0.10 1.00 (reference)

Above means for apoB only (n=39) 0.32 (0.10-1.05) p=0.06 1.00 (reference) 0.30 (0.07-1.26) p=0.10

ApoB and nonHDL-C at or below mean (n=325) 1.00 (reference) 3.14 (0.95-10.33) p=0.06 0.94 (0.38-2.36) p=0.90

Each column represents the same logistic regression model, but with a different reference group.

*
The logistic regression models are adjusted for sex, age, duration, HbA1c and statin use.

The first column reports the associations with CAC progression among the apoB and nonHDL-C groups with normal apoB and normal nonHDL-C 
as the reference group. The middle column represents the same model but with elevated apoB and normal HDL-C as the reference group. The last 
column represents the same model but with normal apoB and elevated nonHDL-C as a reference group.
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