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Abstract

OBJECTIVE—PIlasma homocysteine (tHcy) has been positively associated with carotid intima-
media thickness (IMT) in non-diabetic populations and in a few cross-sectional studies of diabetic
patients. We investigated cross-sectional and prospective associations of a single measure of tHcy
with common and internal carotid IMT over a 6-year period in type 1 diabetes.

RESEARCH DESIGN AND METHODS—tHcy levels were measured once, in plasma obtained
in 1997-1999 from patients (n=599) in the Epidemiology of Diabetes Interventions and
Complications (EDIC) study, the observational follow-up of the Diabetes Control and
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Complications Trial (DCCT). Common and internal carotid IMT were determined twice, in EDIC
“Year 6” (1998-2000) and “Year 12” (2004-2006), using B-mode ultra-sonography.

RESULTS—After adjustment, plasma tHcy [median (interquartile range): 6.2 (5.1, 7.5) pmol/L]
was significantly correlated with age, diastolic blood pressure, renal dysfunction, and smoking (all
p<0.05). In an unadjusted model only, increasing quartiles of tHcy correlated with common and
internal carotid IMT, again at both EDIC time-points (p<0.01). However, multivariate logistic
regression revealed no significant associations between increasing quartiles of tHcy and the 6-year
change in common and internal carotid IMT (highest vs. lowest quintile) when adjusted for
conventional risk factors.

CONCLUSIONS—In a type 1 diabetes cohort from the EDIC study, plasma tHcy measured in
samples drawn in 1997-1999 was associated with measures of common and internal carotid IMT
measured both one and seven years later, but not with IMT progression between the two time-
points. The data do not support routine measurement of tHcy in people with Type 1 diabetes.

1. Introduction

Homocysteine (Hcy), a sulphur-containing amino acid, is the demethylated metabolite of the
essential amino acid methionine. The metabolic pathways involved in Hcy formation rely on
coenzymes derived from vitamins B6 and B12 and folic acid [1]. Plasma Hcy is extensively
metabolized in the kidneys [2], and there is an independent inverse association between
glomerular filtration rate (GFR) and plasma total Hcy (tHcy) in patients with type 1 diabetes
(T1DM) [3] and [4]. The association between tHcy and atherosclerosis was first identified
by McCully in 1969 [5], and since then evidence has accumulated on the role of elevated
tHcy as a cardiovascular risk factor in TLDM [3], [6] and [7].

Carotid intima-media thickness (IMT) is a well-accepted non-invasive marker of subclinical
atherosclerosis [8]. Increased IMT of the common carotid artery reflects diffuse arterial wall
thickening [9], whereas increased IMT of the proximal internal carotid artery is considered a
surrogate for focal atherosclerotic plaque [10]. The role of tHcy in endothelial dysfunction is
thought to be mediated by mechanisms including oxidative stress, nuclear factor-xb (NF-xb)
activation, inflammation [11], and inhibition of endothelial nitric oxide synthase (eNOS)
[12]. While several observational studies have reported weak positive associations between
tHcy and carotid IMT in the non-diabetic population [13], few cross-sectional studies
address this association in the context of diabetes mellitus, and most involve type 2 diabetes
(T2DM) [14], [15] and [16]. No prospective study has reported tHcy levels in relation to
IMT progression in diabetic patients, a major goal of our current analyses.

Intensive diabetes management with a focus on glycemic control slows the progression of
common carotid IMT in the Epidemiology of Diabetes Interventions and Complications
(EDIC) trial, the on-going long-term observational phase of the Diabetes Control and
Complications Trial (DCCT) [17]. Data from the same cohort have also shown significant
associations of lipids [18], markers of oxidative stress, and inflammation [19] with IMT
progression. We hypothesized that tHcy is associated with common and internal carotid IMT
(cross-sectional study) and with subsequent IMT progression (longitudinal study). For this
purpose, in a large subset of EDIC patients (n=599), we measured plasma tHcy in plasma
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samples obtained in 1997-1999, and related the findings to common and internal carotid
IMT measured at EDIC “Year 6” (1998-2000) and “Year 12” (2004-2006), and to IMT
progression between those time-points.

2. Methods

2.1. Study population

This study involved a subset of 599 patients from the DCCT/EDIC cohort. The original
DCCT cohort comprised 1,441 patients with TLDM (age range: 13-39 years), who were
without hypertension or dyslipidemia at study entry (1983-89) [20]. The patients were
randomly assigned to intensive vs. conventional diabetes therapy and followed for an
average of 6.5 years. In 1994, the observational phase of the study (EDIC) was initiated, and
1394 patients (97% of the original DCCT cohort) were enrolled. In 1997-99, blood and urine
samples were collected from 905 EDIC participants who participated in our ancillary
longitudinal study based at the Medical University of South Carolina, and plasma tHcy was
measured in 769 of these. Of the 769, 599 had available common and internal carotid IMT
measurements at both EDIC “Year 6” (1998-2000) and “Year 12’ (2004-2006). Plasma
samples for tHcy analysis were collected after an overnight fast and stored at —80°C. The
DCCT and EDIC and our laboratory studies were approved by the Institutional Review
Boards at all participating institutions, and all participants provided written informed
consent.

2.2. Assessment of carotid IMT

IMT measurements by B-mode ultrasound, and their reporting in a Central Reading Facility,
have previously been described in detail [21]. Reliability measures for IMT readers at EDIC
years 1, 6 and 12 have also been reported previously: for common carotid IMT, the primary
reader had an intra-reader coefficient of reliability of >0.93, and the inter-reader reliability
was >0.81. The coefficients were similar for the internal carotid IMT measures (>0.93 and
>0.90, respectively) [17]. A clinically elevated IMT as measured by ultrasound is defined as
>0.75mm for common and =1.0mm for internal IMT [21].

2.3. Measurement of plasma total homocysteine (tHcy)

Assays were performed within three years of sample collection using never-thawed samples.
tHcy was measured as described by Araki & Sako (1987) [22]. This procedure involved
reduction of the sample with tri-n-butylphosphine followed by de-proteinization and
reaction of sulfhydryl compounds with the fluorophore, ammonium 7-fluorobenzo-2-
oxa-1,3-diazole-4-sulphonate (SBD-F). The sample was then applied to the reversed phase
high-performance liquid chromatography (HPLC) and detected fluorimetrically. The
derivatized tHcy is readily separated from other sulfhydryl compounds in plasma under
isocratic conditions. Elution time and standard curves for quantification were prepared using
commercially available D, L-homocysteine (Sigma, St. Louis, MO, USA). The inter-assay
coefficient of variation (CV) was 6.6%, and duplicate measures (n=92) revealed an intra-
sample CV of 0.27%.
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2.4. Other procedures

Standardized procedures for medical history, physical examination, and routine laboratory
analyses, including HbAlc, lipids and urinary albumin excretion rate (AER), have been
previously described [23] and [24].

2.5. Statistical analysis

Demographic and clinical measures collected at EDIC Year 6 were summarized for groups
of participants who were categorized according to quartiles of tHcy. When comparisons of
means or proportions were made among more than two ordered categories, including groups
defined by quartiles of tHcy, a test for linear trend among means was implemented using an
ANOVA model, and a test for trend among proportions was implemented using a Cochran-
Armitage trend test. A Chi-square test of independence was used to investigate the
association between two factors, each including more than 2 categories, and Fisher’s exact
test was used to compare proportions when expected contingency table counts were small
(more than 20% of the expected counts less than 5).

Linear regression models were used to identify factors independently associated with tHcy
(dependent factor). Values of tHcy were log-transformed because of their non-normal
distribution, and tHcy values greater than 50 umol/L (n=3) were excluded from the final
regression analyses. To aid in the interpretation of the regression coefficients, standardized
coefficients were estimated for the continuous independent variables. All continuous
measures, including the natural log of tHcy, were standardized to have a mean of 0 and a
standard deviation of 1; therefore, regression coefficients for continuous measures reflect the
number of standard deviations difference in the natural log transformed tHcy that are
expected with a one standard deviation increase in the independent variable. Categorical
covariates were not standardized; corresponding coefficients can be interpreted as the
number of standard deviations difference in the natural log transformed tHcy that are
expected when comparing groups, e.g., males, relative to the reference group, e.g., females.
Factors associated with tHcy based on univariate analyses at the 0.10 alpha level were
entered into a multivariate regression model. A backwards elimination modeling approach
was used in which covariates were deleted one by one from the regression model until all
coefficient estimates were significant at a 0.05 alpha level. Effect modification by gender
and multivitamin use was investigated by including tests of interaction. The distributions of
common and internal carotid IMT measures were compared among groups of participants
defined by quartile of tHcy using the Kruskal-Wallis test, given the non-normal distribution
of carotid IMT measures. The proportion of patients with clinically-elevated carotid IMT
measures was compared among ordered categories of quartiles of tHcy using a Cochran-
Armitage trend test.

Investigations of the association between tHcy and carotid IMT were based on categorical
forms of both variables due to violations of linear modeling assumptions when continuous
forms were considered. Logistic regression was used to examine our primary analysis of the
odds of highest versus lowest quintile change between year 6 and 12 in common and internal
carotid IMT measures (dependent factor) defined by quartiles of tHcy (independent factor),
which were modeled using three dummy variables with reference to the lowest tHcy
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quartile. We also performed secondary analyses to compare the odds of 6-year highest
quintile change versus all four lower quintiles combined, in common and internal carotid
IMT measures, defined by quartiles of tHcy. Model fitting began by first exploring the
significance of the gender by tHcy group interaction (to detect modification of the
association between tHcy and elevated carotid IMT progression by gender). If a significant
interaction was found, models were stratified by gender. The models were adjusted for the
baseline common and internal carotid IMT at EDIC year 6. In addition, models included the
following adjustment for confounding factors: Model A: unadjusted; Model B: adjusted for
age, gender, randomized therapy, diabetes duration, obesity, IMT reader 1D, time-averaged
HbAlLc (year 6 time-weighted average), LDL-cholesterol, HDL-cholesterol, natural log
triglyceride, smoking status, alcohol consumption, multivitamin use (EDIC year 6); Model
C: all factors included in Model B as well as hypertension, natural log albumin excretion
rate (AER), estimated glomerular filtration rate (eGFR), angiotensin converting enzyme
inhibitors (ACE)/angiotensin receptor blocker (ARB) use (number of years of use during
EDIC years 1- 6); Model D: all factors included in Model C, as well as secondary
intervention group and Early Treatment Diabetic Retinopathy Study [ETDRS] scores. A
two-sided alpha level of 0.05 was used to define statistical significance.

The baseline characteristics of the 599 participants at EDIC Year 6 included in the present
study revealed significant differences in age; systolic and diastolic blood pressure; renal
function assessed by AER, GFR and serum creatinine; HDL-cholesterol, LDL-cholesterol
and triglyceride across increasing quartiles of tHcy (Table 1). Also, the proportions of
participants from the DCCT secondary intervention group, of male gender, with
hypertension, and reporting multivitamin or ACE/ARB user differed significantly across
tHcy quartiles (p<0.05, with majority p<0.01; Table 1). Comparisons of demographic and
clinical characteristics of EDIC subjects included in our study (n=599) vs. those not
included (n=721) revealed that the analyzed cohort tended to have a shorter diabetes
duration, higher diastolic blood pressure, lower AER, lower HbAlc, and lower ETDRS
scores compared to those who were not included in the analysis. Furthermore, our
participants were more likely to be male, less likely to be in the secondary intervention
cohort, and were less likely to report using aspirin (p<0.05; Supplemental Table S1).

The median plasma tHcy level in our participants was 6.2umol/L with minimum and
maximum values of 2.7 and 101umol/L, and interquartile range 5.1 - 7.5 umol/L. The
overall distribution of elevated tHcy in our subset, defined according to thresholds of
macrovascualar risk in previously reported studies [25], [26] and [27], was as follows: 25%
participants had tHcy > 7.5umol/L, 7% had tHcy >10pumol/L, and 1% had tHcy > 15umol/L.

Table 2 summarizes associations of demographic/clinical characteristics at EDIC Years 4-6
(i.e. contemporaneous with blood sample collection for tHcy) with tHcy as a continuous
variable. In the univariate model, tHcy was positively associated with age, diabetes duration,
BMI, systolic and diastolic blood pressure, AER, serum creatinine, total cholesterol, LDL-
cholesterol, triglycerides, former membership of the DCCT secondary intervention group,
male gender, hypertension, and ACE/ARB use (p<0.05). Significant negative associations
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were observed between tHcy levels and GFR, HDL-cholesterol, and multivitamin use
(p<0.05; most p<0.01). In the multivariate model, tHcy remained significantly associated
only with age, diastolic blood pressure, renal function (AER, GFR and serum creatinine) and
smoking (p<0.05; again, most p<0.01; Table 2). The associations in the multivariate model
were not significantly different between men and women, or between multivitamin users and
non-users (data not shown).

Figures 1A and 1B describe the distribution of common and internal carotid IMT in our
cohort, summarized as medians and interquartile ranges of IMT and defined by quartiles of
tHcy. Both common (Figure 1A) and internal (Figure 1B) carotid IMT measurements
increased significantly with increasing quartiles of tHcy at both time points (i.e. EDIC Years
6 and 12; p<0.0001), but these associations were no longer significant when adjusted for
conventional risk factors. In gender-specific analyses, only common carotid IMT in women
remained significantly associated with quartiles of tHcy, again at both time points (p<0.05).

We observed no significant differences in the percentage of patients with clinically elevated
common (=0.75 mm) and internal (= 1.0 mm) carotid IMT, based on tHcy levels below and
above 10umol/L at EDIC Years 6 and 12 (Supplemental Table S2).

In Table 3, multivariate logistic regression models were used to examine the ability of
increasing quartiles of tHcy to predict the highest vs. lowest changes in common and
internal carotid IMT between Year 6 and 12, defined as top and bottom quintiles of change.
tHcy was categorized into quartiles based on an even distribution of participants within each
clinically defined quartile, while the carotid IMT changes were stratified into quintiles based
on the magnitude of 6-year changes observed in our cohort, and what would be considered a
clinically meaningful change in IMT for predicting CVD events. For common carotid IMT,
the range of values for the highest quintile of change (year 12 minus Year 6 measures) was
+0.11 to +1.04 mm (n=120) and for the lowest quintile, —=0.021 to —0.41 mm (n=119). For
internal carotid IMT, corresponding ranges were +0.24 to +2.27mm (n=118) and —0.047 to
-1.20 mm (n=116) respectively. Overall, no significant associations were noted among
increasing quartiles of tHcy and the highest versus lowest 6-year changes in common and
internal carotid IMT, when adjusted for conventional risk factors. In the case of internal
carotid IMT, in the unadjusted model only, the highest quartile of tHcy was associated with
a significantly higher odds of 6-year change in carotid IMT compared to the lowest tHcy
quartile. This, however, did not persist in adjusted analyses (Table 3). These results were
largely unchanged when stratified by primary prevention/secondary intervention group or by
conventional/intensive treatment. Also, our exploratory analysis revealed no significant
associations of tHcy with highest vs. all four lower quintiles of changes in common and
internal carotid IMT. Furthermore, there were no significant differences in 6-year
longitudinal changes among those with clinically elevated common and internal carotid
IMT, based on tHcy levels below and above 10umol/L (Supplemental Table S3).

Sensitivity analyses were performed to examine the effects of six subjects with extreme
tHcy levels (>15 pmol/L) on the predictive ability of tHcy for the ‘highest versus lowest 6-
year changes’ in common and internal carotid IMT. Excluding these subjects from the
logistic regression analyses had no notable effect on the results described in Table 3.
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4. Discussion

This is the first report of a prospective investigation of associations between circulating tHcy
levels and carotid IMT in a large, well-characterized cohort of TLDM patients. We found
significant associations between tHcy measured in 1997-1999 and common and internal
carotid IMT at EDIC Years 6 (1998-2000) and 12 (2004-2006). Despite this, the overall 6-
year progression of IMT was largely similar when examined by increasing quartiles of tHcy.
Furthermore, the logistic regression analyses revealed no significant associations between
increasing quartiles of tHcy and ‘highest vs. lowest 6-year changes’ in common and internal
carotid IMT (including clinically elevated IMT), when adjusted for age, gender,
multivitamin use and traditional cardiovascular risk factors. Our observations may be
explained by the fact that approximately 93% of our cohort had tHcy levels less than 10
umol/L, and thus a low prevalence of hyperhomocysteinemia. Hyperhomocysteinemia is
typically defined as levels >10pumol/L in reported studies [25], [26] and [27]. Levels of tHcy
measured in our DCCT/EDIC cohort are comparable to observed tHcy concentrations in
other studies of TLDM of similar time frame and/or participant characteristics [3], [6], [28]
and [29]. While we lacked a non-diabetic control group, the observed tHcy levels in our
cohort are also similar or lower than in other studies of apparently healthy non-diabetic
subjects [30], and may reflect healthy dietary habits among our study participants, and for
some (46%), the use of multivitamins (likely to contain tHcy-lowering B-group vitamins).

In univariate analyses, tHcy levels were significantly and positively associated with age,
diabetes duration, BMI, blood pressure, hypertension, ACE/ARB use, renal dysfunction
(AER and serum creatinine), LDL-cholesterol, total cholesterol, triglyceride, previous
membership of the DCCT secondary intervention group, and male gender, and inversely
associated with multivitamin use, GFR, and HDL-cholesterol. In the more rigorous
multivariate model, tHcy remained positively associated only with age, diastolic blood
pressure, renal dysfunction, and smoking. These findings are similar to those in other cross-
sectional studies in diabetic and renal disease patients [3], [4] and [31].

Few previous studies have examined the association between tHcy levels and carotid IMT in
diabetic populations, and the results of these studies are discordant. In patients with Type 2
diabetes (T2DM) with and without nephropathy, and in elderly men with cardiovascular risk
factors including diabetes, mean tHcy levels were not significantly correlated with common
carotid IMT [15], [32], [33] and [34]. On the other hand, significant cross-sectional
associations of IMT with higher (> 9-12 umol/L) versus lower levels of tHcy have been
reported by The National Heart, Lung, and Blood Institute (NHLBI) Family Heart Study in
older subjects (n=1467) with and without diabetes mellitus [14]. Similar findings were
reported from the Hoorn Study of T2DM patients (h=231) following adjustment for
potential confounding factors [16]. Cross-sectional data from the Homocysteine and
Atherosclerosis Reduction Trial (HART) in patients with T2DM and established vascular
disease (n=923) showed no significant association between IMT and increasing quartiles of
tHcy when adjusted for traditional vascular risk factors [25]. However, carotid plaque
calcification, representing an advanced form of vascular disease, was significantly
associated with increasing tHcy levels in HART [25]. Discrepancies in these cross-sectional
study findings might be explained by factors such as sample size, patient characteristics,
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type of diabetes, folate status, and the vascular outcomes measured. While prospective data
on the association between IMT progression and tHcy in a diabetic population are lacking, a
few follow-up studies address the role of tHcy in advanced cardiovascular disease and
mortality in small samples of diabetic patients (n ~ 12-147): these studies show significant
correlations between hyperhomocysteinemia (> 12 or 14 umol/L) and incidence of stroke or
overall mortality in patients with T2DM when compared to non-diabetic controls, but do not
report on the association with IMT [26] and [27]. While we are not aware of any studies
reporting prospective associations of tHcy with IMT in TIDM, tHcy revealed no significant
correlations with markers of subclinical atherosclerosis [carotid IMT, coronary artery
calcification (CAC)] in preadolescent children and adults with TLDM exhibiting mean tHcy
levels < 10umol/L [35] and [36]. Thus, in the absence of hyperhomocysteinemia in
uncomplicated T1DM, as represented by the original DCCT/EDIC cohort [20], tHcy may
not be significantly associated with progression of subclinical atherosclerosis.

In our prospective study, the significant associations of tHcy with common and internal
carotid IMT at EDIC Years 6 and 12, although not with interim progression, may be
attributed to Hey inducing vascular endothelial dysfunction via mechanisms such as
oxidative stress and inflammation [11] and [12]. We, however, did not find any significant
correlation between tHcy levels and inflammation as reflected by serum CRP levels.
Multivitamin use was inversely associated with tHcy, supporting the role of folate and B-
vitamins in lowering tHcy in TLIDM, although in studies by others, such effects were not
associated with changes in endothelial function in TADM [37]. Other studies of participants
with hyperhomocysteinemia, though none exclusively in TIDM, demonstrate that oral
vitamin supplementation lowers Hcy levels leading to significant decreases (~ 0.03-0.05
mm) in carotid IMT over a period of 18 months [38], including in patients with chronic renal
disease [39]. However, there were no positive outcomes of Hcy-lowering treatments on
clinical cardiovascular events, including stroke, in prospective studies among patients with
vascular disease [40] and [41]. Thus, tHcy may be an “innocent” bystander, and the tHcy-
CVD association may be largely modulated by conventional risk factors and other
biomarkers of oxidative stress and inflammation. To our knowledge, no specific intervention
studies addressing the effects of lowering tHcy on hard clinical cardiovascular events (acute
myocardial infarction (AMI), stroke, mortality) have been reported in TLDM.

Our study has specific limitations: the absence of non-diabetic control subjects, absence of
data on plasma/serum levels or dietary intakes of B-vitamins including folic acid, the short
follow-up period, and a relatively small number of TIDM patients in each quartile of tHcy.
The latter could limit power to demonstrate differences in inter-quartile comparisons,
especially in relation to 6-year IMT changes. Also, we obtained only a single measurement
of tHcy (in 1997-1999), and lack measurements at periodic intervals between EDIC Years 6
and 12. However, long-term stability and low within-person variability of tHcy are well
documented, supporting the reliability of the single “baseline tHcy” measurement in our
study [42] and [43]. tHcy levels are influenced by genetic variants, and we have not included
relevant genotypes in our study. Though our analyses were adjusted for significant
demographic and clinical variables, including concurrent multivitamin use at the time of
blood sampling, the possibility of confounding by unknown/undefined factors remains.
Concerning ‘generalizability’, we consider that any bias caused by DCCT entry criteria
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(DCCT enrollees (1983-1987) were required to have normal blood pressure and cholesterol)
is unlikely to have had a residual effect by 1997-1999 when samples for the current study
were collected. DCCT participants were residents of the US and Canada, and were 97%
Caucasian, so generalizability to other racial or ethnic groups is unclear.

5. Conclusions

In 599 Type 1 diabetic patients from DCCT/EDIC cohort, plasma tHcy levels were similar
to those established for the general population, and correlated with numerous demographic
and clinical parameters. In multivariate analyses, significant correlations were maintained
for age, diastolic blood pressure, and renal function. Plasma tHcy also correlated with
common and internal carotid IMT measurements obtained approximately one and seven
years later, but did not correlate with IMT progression as defined by the difference between
these two determinations. A tHcy cut-point of 10 mol/L failed to delineate patients with
higher IMT or higher IMT progression. In the future we will assess tHcy as a predictor of
actual CVD events and mortality in the cohort, but the current evidence does not support the
routine measurement of tHcy in people with TIDM.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
(A) Common and (B) internal carotid IMT (mm) at EDIC Years 6 and 12 defined by

quartiles of total plasma homocysteine (umol/L) (n=599). Data for IMT are summarized as
medians and interquartile ranges. The origin of the vertical axes is 0.5 mm. For
homocysteine: Q1: 2.7-5.05 pmol/L; Q2: 5.06-6.15 pmol/L; Q3: 6.16-7.46 umol/L; Q4:
>7.46 umol/L. There were significant overall differences (p<0.001) among tHcy quartiles at
EDIC years 6 and 12 using Kruskal-Wallis Test.
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Demographics and clinical characteristics of EDIC participants at the time of the “Year 6’ IMT determination
(1998-2000), stratified by quartiles of plasma total homocysteine (tHcy) measured in samples from 1997-99.

Quartile of Homocysteine (umol/L) EDIC Years 4-6

Demographic or Clinical All Patients | Quartile 1: | Quartile 2: | Quartile 3: Quartile 4: p-value
Measure at EDIC Year 6 (n=599) 2.7-5.05 5.06-6.15 | 6.16 -7.46 | =7.47 umol/L (trend
umol/L pumol/L pumol/L (n=153) test)
(n=149) (n=150) (n=147)
Mean £ SD | Mean = SD Mean + Mean = SD Mean = SD
SD
Attained Age (years) 40.3+6.7 38.5+6.6 39.8+6.7 41.1+6.6 41.7+6.4 <0.0001
Attained Diabetes Duration 17.0+1.3 164+1.3 17.0+1.3 17.3+1.3 17.2+1.3 0.098
(years) T
BMI (kg/m?) 26.9+4.2 269+4.7 26.3+3.9 27.1+37 275+45 0.080
Systolic Blood Pressure 121+ 14 119+ 15 119+ 12 122 +15 123+13 0.0045
(mmHg)
Diastolic Blood Pressure 76 %9 74+9 76+8 777 76+ 10 0.031
(mmHg)
AER (mg/24 hours) t# 125+34 10.1+2.7 11.8+3.3 123+3.0 16.6+4.3 0.0007
GFR (mL/min) 91.6+17.8 94.4+19.3 93.8+£16.7 92.3+155 86.1+£18.3 <0.0001
Serum Creatinine (ng/mL) 09+0.3 0.8+0.2 09+0.1 09+0.1 1.0+05 <0.0001
CRP (mg/L) t* 15+3.0 1.7+£35 13+28 1.7+3.0 15+27 0.70
HbALc (%) (weighted mean 81+11 81+11 81+11 81+10 82+11 0.20
from DCCT to EDIC Year 6)
Total Cholesterol (mg/dI) # 187 £33 184 + 33 183 +31 190 + 36 191+ 32 0.074
HDL Cholesterol (mg/dl) # 57+15 59+ 16 58 + 15 55+ 12 56 + 15 0.023
LDL Cholesterol (mg/dl) # 113+ 30 109 + 28 109 + 27 117 +£34 116 + 29 0.0061
Triglyceride (mg/dl) t# 75+2 70+£2 702 79+2 82+2 0.0008
Homocysteine (umol/L) t 63+14 43+1.1 56+11 6.7+1.1 95+1.4 NP
Demographic or Clinical n (%) n (%) n (%) n (%) n (%) p-value
Measure at EDIC Year 6 (trend
test)
Randomized to Intensive 311 (52) 87 (58) 69 (46) 78 (53) 77 (50) 0.35
Therapy Group
Secondary Intervention Group 276 (46) 56 (38) 71 (47) 73 (50) 76 (50) 0.035
Male 346 (58) 50 (34) 73 (49) 108 (73) 115 (75) <0.0001
Smoker in the past 12 months 95 (16) 22 (15) 15 (10) 28 (19) 30 (20) 0.076
Obesity (BMI > 30 kg/m?) 120 (20) 34(23) 22 (15) 25 (17) 39 (26) 0.48
Hypertension 173 (29) 37 (25) 33(22) 42 (29) 61 (40) 0.0016
ETDRS (EDIC Year 4) ## 021"
None-Minimal (Score 1-3) 296 (53) 84 (60) 73 (51) 77 (54) 62 (46)
Mild-Moderate (Score 4-9) 231 (41) 50 (36) 59 (41) 57 (40) 65 (49)
Preproliferative and 32 (6) 5(4) 12 (8) 8 (6) 7(5)
Proliferative (Score 10-23)
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Quartile of Homocysteine (umol/L) EDIC Years 4-6

Demographic or Clinical All Patients | Quartile 1: | Quartile 2: | Quartile 3: Quartile 4: p-value
Measure at EDIC Year 6 (n=599) 2.7-5.05 5.06-6.15 | 6.16 -7.46 | =7.47 umol/L (trend

pumol/L umol/L pumol/L (n=153) test)

(n=149) (n=150) (n=147)

Mean £ SD | Mean = SD Mean + Mean = SD Mean = SD
SD

Multivitamin Use (Year 6) 271 (46) 80 (54) 70 (48) 68 (46) 53 (35) 0.0014
Any prior lipid lowering 57 (10) 9 (6) 14 (9) 18 (12) 16 (10) 0.13
medication (Year 1 — Year 5)
Any prior statin use 0 (0) 0 (0) 0 (0) 0(0) 0(0)
(Year 1 - Year 5)
Any prior ACE/ARB use 103 (17) 20 (13) 22 (15) 24 (16) 37 (24) 0.013
(Year 1 - Year 5)
Aspirin Use at least 14 79 (13) 18 (12) 17 (11) 27 (18) 17 (11) 0.75
days/month (Year 6)

Demographics and clinical characteristics at EDIC year 6 are represented as mean + SD for continuous covariates and n (%) for categorical

covariates. Data are stratified by quartiles of total plasma homocysteine (tHcy) measured at EDIC years 4-6.

Tgeometric mean reported due to skewed distribution of duration of diabetes, AER, CRP, triglycerides, and homocysteine.

*
CRP measured at the same study visit as homocysteine (EDIC Years 4-6).

*
Overall (6 degrees of freedom) Chi-square test

Page 16

# o . . . .
Lipids (total-, HDL-, LDL- cholesterol and triglyceride) and AER measures were made at either EDIC Year 5 or EDIC Year 6 depending on the

cycle of specimen collection.

ETDRS reflects EDIC Year 4 information, which was a common assessment time point among the patients.

Significant p values (<0.05) have been indicated in boldface.

BMI: body mass index, AER: albumin excretion rate, GFR: glomerular filtration rate, CRP: C-reactive protein, ETDRS: Early Treatment Diabetic
Retinopathy Study, NP: not performed.
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Associations of the natural log of total plasma homocysteine (tHcy)T with demographic characteristics and
cardiovascular risk factors at EDIC ‘Years 4-6’

Univariate Model

Multivariate Model Tt

Demographic or Clinical Measure at - -
EDIC Years 4-6 coefficient* | P-value R? coefficient* | P-value R?
0.20

(model)

Attained Age (years) 0.15 <0.0001 0.03 0.13 0.0004

Attained Diabetes Duration (years) 0.08 0.029 0.008

BMI (kg/m?) 0.07 0.045 | 0.0068

Diastolic Blood Pressure (mmHg) 0.19 <0.0001 0.048 0.09 0.0093

Systolic Blood Pressure (mmHg) 0.16 <0.0001 0.036

Natural Log AER (mg/24 hours) # # 0.14 <0.0001 | 0.028 0.07 0.032

GFR (ml/min) -0.14 <0.0001 0.027 0.15 0.0016

Serum Creatinine (ng/mL) 0.31 <0.0001 0.13 0.38 <0.0001

Natural Log CRP (mg/L)™™ -0.02 0.66 <0.001

HbAlc (%) (weighted mean from

DCCT to EDIC Year 6) 0.06 0.071 0.0056

Total Cholesterol (mg/dl) # 0.10 0.0046 0.013

HDL Cholesterol (mg/dl) # -0.07 0.034 | 0.0075

LDL Cholesterol (mg/dl) # 0.10 0.0044 | 0.014a

Natural Log Triglyceride (mg/dl) # 0.15 <0.0001 0.029

Randomized to Intensive Therapy

Group -0.06 0.41 0.0011

Secondary Intervention Group 0.16 0.019 0.0093

Male 0.52 <0.0001 | 0.092

Smoker in the past 12 months 0.18 0.058 0.0061 0.35 <0.0001

Obesity (BMI > 30 kg/m?) 0.09 0.32 0.0017

Hypertension 0.23 0.0031 0.015

ETDRS ## 0.0064

None-Minimal (Score 1-3) Reference
Mild-Moderate (Score 4-9) 0.13 0.066
Preproliferative and Proliferative
(Score 10-23) 0.12 0.43

Multivitamin Use (Year 6) -0.24 0.0006 0.020

Any prior lipid lowering medication 0.02 0.87 <0.0001

Any prior statin use -0.002 0.99 <0.0001

Any prior ACE/ARB use 0.25 0.0061 0.013

Aspirin Use at least 14 days/month

(Year 6) 0.05 062 | 0.00041
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*

All continuous measures have been standardized to have a mean of 0 and a standard deviation of 1; therefore, regression coefficients for
continuous measures reflect the number of standard deviations difference in the natural log transformed homocysteine that are expected with a one
standard deviation increase in the independent variable.

Categorical covariates were not standardized; corresponding coefficients can be interpreted as the number of standard deviations difference in the
natural log transformed homocysteine that are expected when comparing groups, e.g., males, relative to the reference group, e.g., females.

Fk

CRP measured at the same study visit as homocysteine (EDIC Years 4-6).

#Lipids (total-, HDL-, LDL- cholesterol and triglyceride) and AER measures were made at either EDIC Year 5 or EDIC Year 6 depending on the
cycle of specimen collection.

#it .
ETDRS was measured at Year 4 because only a subset of patients had measures at subsequent years.
TExtreme homocysteine measures (beyond 50 pmol/L) were removed prior to analysis (n=3).

TTlncludes all terms that remained statistically significant in the multivariate model.

Significant p values (<0.05) have been indicated in boldface. BMI: body mass index, GFR: glomerular filtration rate, CRP: C-reactive protein,
ETDRS: Early Treatment Diabetic Retinopathy Study.
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Table 3

Odds ratios and 95% confidence intervals: highest versus lowest quintile of 6-year changes in common and
internal carotid IMT according to quartiles of homocysteine (tHcy)

6-year Changes in Common CIMT (odds of | 6-year Changes in Internal CIMT (odds of
highest versus lowest quintile of change)* highest versus lowest quintile of change)**
HomocysteineT Odds Ratio 95% ClI p-value Odds Ratio 95% ClI p-value
Model A P=0.74 P=0.11
(overall) (overall)
Lowest Quartile (referlence) (referlence)
Quartile 2 1.01 0.46 2.20 0.99 1.73 0.80 3.76 0.16
Quartile 3 1.42 0.65 3.12 0.38 1.53 0.71 3.30 0.28
Quartile 4 1.33 0.64 2.76 0.45 2.59 1.20 5.56 0.015
Model B P=0.98 P=0.59
(overall) (overall)
Lowest Quartile (reference) (reference)
Quartile 2 0.93 0.36 241 0.88 1.43 0.59 3.47 0.43
Quartile 3 111 0.42 2.92 0.83 0.88 0.35 2.22 0.78
Quartile 4 0.92 0.37 2.27 0.86 1.39 0.55 3.53 0.48
Model C P=0.96 P=0.54
(overall) (overall)
Lowest Quartile (referlence) (referlence)
Quartile 2 111 0.41 3.02 0.83 1.39 0.56 3.48 0.48
Quartile 3 1.32 0.47 3.73 0.60 0.75 0.29 1.97 0.56
Quartile 4 1.08 0.41 2.81 0.88 1.19 0.45 3.15 0.73
Model D P=0.73 P=0.63
(overall) (overall)
Lowest Quartile (referlence) (referlence)
Quartile 2 1.60 0.54 4.77 0.40 1.46 0.56 3.80 0.44
Quartile 3 1.42 0.48 4.24 0.53 0.79 0.30 2.14 0.65
Quartile 4 1.79 0.62 5.13 0.28 1.03 0.37 2.85 0.95

All models were adjusted for EDIC year 6 common or internal CIMT and all covariates were assessed at EDIC year 6 unless otherwise indicated.
Model A: unadjusted; Model B: adjusted for age, gender, randomized therapy, obesity, IMT reader, diabetes duration, HbAlc (EDIC year 6 time-
weighted average), LDL-, HDL-cholesterol, triglycerides, smoking status, alcohol consumption and multivitamin use (EDIC year 6); Model C: all
factors in Model B + eGFR, AER, hypertension and ACE/ARB use (number of years of use for EDIC years 1-6); Model D: all factors in Model C
+ secondary intervention group (at randomization) and ETDRS scores.

TThe numerical cut points for quartiles of homocysteine were 2.7 — 5.05 umol/L (n=149), 5.06 — 6.15 umol/L (n=150), 6.16 — 7.46 pmol/L (n=147),
and = 7.47 ymol/L (n=153).

*
The numerical cut point values for the highest and lowest quintiles of common carotid IMT is 1.04 to 0.113 mm (n=120) and -0.412 to
-0.0205mm (n=119).

Fk

The numerical cut point values for the highest and lowest quintiles of internal carotid IMT is 2.27 to 0.24mm (n=118) and -1.199 to —0.0467mm
(n=116). Significant p values (<0.05) have been indicated in boldface.
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