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Subclinical Atherosclerosis and Estimated Glucose Disposal Rate as
Predictors of Mortality in Type 1 Diabetes

JON C. OLSON, DrPH, JOHN R. ERBEY, PuD, KATHERINE V. WILLIAMS, MD,
DOROTHY ]. BECKER, MD, DANIEL EDMUNDOWICZ, MD, SHERYL F. KELSEY, PuD,
KIM SUTTON TYRRELL, DrPH, AND TREVOR ]J. ORCHARD, MD

PURPOSE: To investigate the usefulness of ischemic resting electrocardiogram (ECG), ankle brachial
index (ABI) <0.8, ankle brachial difference (ABD) =75 mm Hg (a marker of peripheral medial arterial
wall calcification), and estimated glucose disposal rate (¢GDR) (a marker for insulin resistance) for pre-
dicting mortality risk in the context of standard risk factors.

METHODS: Data are from participants in the Pittsburgh Epidemiology of Diabetes Complications Study
of 658 subjects with childhood onset Type 1 diabetes of mean age 28 years (range 8-48) and duration of
diabetes 19 years (range 7-37) at baseline. Deaths were confirmed by death certificates.

RESULTS: There were 68 deaths from all causes during 10 years follow-up. In univariate analysis, the
mortality hazard ratios and 95% confidence intervals associated with ischemic ECG (6.7, 3.7-12.1), the
lowest quintile of eGDR (i.e., the most insulin resistant) (6.7, 4.1-10.9), ABI <0.8 (2.5, 1.1-5.9), and
ABD =75 mm Hg (6.7) were only marginally less than those conveyed by pre-existing coronary artery dis-
ease (8.4, 4.7-15.2) or overt nephropathy (7.6, 4.5-12.9). Ischemic ECG and eGDR were independent
mortality predictors, together with duration of diabetes, coronary artery disease, overt nephropathy, non-
high density lipoprotein cholesterol, and smoking history. If serum creatinine was available, it entered,
and glycosylated hemoglobin replaced eGDR.

CONCLUSIONS: Estimated GDR and ECG ischemia are strong predictors of mortality in type 1 diabe-

tes and may be useful in the identification of those at risk.
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INTRODUCTION

Several measures of subclinical atherosclerosis have been
examined as risk factors for mortality. Isolated ischemia on
electrocardiogram (ECG) is independently associated with
cardiovascular disease (CVD) mortality in nondiabetic popu-
lations (1-3), but has not been fully examined in diabetes.
Asymptomatic large vessel peripheral arterial disease de-
tected by a low ratio of ankle: brachial blood pressure is asso-
ciated with elevated mortality (4-6). However, data in type
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1 diabetes are few. A complicating element in the measure-
ment of peripheral arterial pressure is that medial arterial
wall calcification, which is common in type 1 diabetes of
long duration (7), may reduce compressibility of the artery by
a cuff, leading to elevated pressure recordings (8).

Previous reports from the Pittsburgh Epidemiology of Di-
abetes Complications (EDC) Study have raised the possi-
bility that insulin resistance, the hallmark of type 2 diabetes
and a CVD predictor in the general population, may also
relate to CVD risk in type 1 diabetes (9—10). Recently, we
developed an equation for estimated glucose disposal rate
(eGDR) as a marker for insulin resistance in type 1 diabetes
based on euglycemic hyperinsulinemic clamp studies (11),
clamps being impractical for large populations.

Because many type 1 diabetes patients die suddenly from
CVD without prior CVD evidence (12), it is critical to
identify those at risk if preventive measures are to be suc-
cessful. Therefore, we examined the ability of eGDR, is-
chemic ECG, and abnormal ankle blood pressures to
predict mortality in type 1 diabetes in the context of stan-
dard risk factors.
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Selected Abbreviations and Acronyms
ABD = ankle brachial difference
ABI = ankle brachial index
AER = albumin excretion rate
CAD = coronary artery disease
CVD = cardiovascular disease
DERI = Diabetes Epidemiology Research International
ECG = electrocardiograph
EDC = epidemiology of diabetes complications
eGDR = estimated glucose disposal rate
HbA, = hemoglobin A,
HDLc = high-density lipoprotein cholesterol
LDLc = low-density lipoprotein cholesterol
LL = log likelihood
MC = Minnesota Code
ON = overt nephropathy
SBP = systolic blood pressure
WBC = white blood cell

MATERIALS AND METHODS
Study Population

Subjects were participants in the Pittsburgh EDC Study, a
10-year prospective study of risk factors for complications of
type 1 diabetes. EDC participants were recruited from the
Children’s Hospital of Pittsburgh registry of type 1 diabetes,
which is representative of the Allegheny County popula-
tion (13). Subjects diagnosed with type 1 diabetes at Chil-
dren’s (or seen there within a year of diagnosis) before age
17 between 1950 and 1980 were eligible for the EDC study.
Recruitment has been described previously (14).

658 subjects met eligibility criteria and participated in
the first of six biennial EDC examinations from 1986 to
1988. Subjects who refused to attend a particular examina-
tion were invited to complete and return a mailed question-
naire concerning their medical history. Home visits were
attempted for subjects unable to attend the clinic. Through
the EDC examination cycle in 1996 to 1998 (10-year fol-
low-up), follow-up data were available on all but three sub-
jects, who were excluded yielding a sample size of 655.

Clinical Evaluation and Procedures

Before attending each clinic, participants completed a
questionnaire concerning demographic information, medi-
cal history, depressive symptoms if aged 18+ years (Beck
Depression Inventory) (15), and physical activity. An ever
smoker was defined as 100+ lifetime cigarettes.

Subclinical measures. Resting ankle/arm systolic blood
pressures were taken using a Doppler blood-flow detector
with the subject supine. Starting with the right arm and
proceeding to the same side tibialis posterior and dorsalis
pedis arterial pressures, then the opposite side ankle arteries
and ending with the right arm again. The ankle—brachial
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ratios were calculated using the arm pressure taken closest
in time to the ankle pressure. An ankle-brachial index
(ABI) of <0.8 for any of the four vessels was defined as
ABI <0.8. Because the relationship of ABI <0.8 to mortal-
ity was stronger than ABI <0.9, only ABI <0.8 is reported.
An ankle-brachial difference (ABD) of =75 mm Hg for
any of the four vessels was considered positive for periph-
eral arterial calcification (8), based on a radiographic vali-
dation study.

A 12-lead electrocardiogram was obtained. The baseline
ECGs were coded using the Minnesota Code (MC) (16).
Q-wave myocardial infarction was defined as MC 1.1-1.2,
and ischemic ECG as MC 1.3, 4.1-4.3,5.1-5.3, or 7.1 (17).
The QT interval was derived from a single waveform in
ECG lead II and heart rate from an average of 5 R-R dis-
tances. The QT interval was corrected for heart rate ac-
cording to Bazett’s formula: QTc = QT/sqrt(R-R) (18).

Clinical measures. Height was measured with the clinic
stadiometer. Body mass index was calculated as weight
(kg)/height’? (m?). Two waist measurements were made
midway between the upper iliac crest and lower costal mar-
gin, and two hip measurements at the maximum hip cir-
cumference. Averages of each were used to derive the waist
to hip ratio.

Sitting blood pressures were measured according to the
Hypertension Detection and Follow-up Program protocol
(19) using a random zero sphygmomanometer. The mean of
the second and third readings was used. Hypertension was
defined as blood pressure =140/90 mm Hg or taking anti-
hypertensive medication.

Laboratory methods. Fasting blood samples were taken.
For the first 18 months of the study, hemoglobin A;
(HbA,) was measured in saline-incubated samples by mi-
crocolumn cation-exchange (Isolab, Akron, OH). Thereaf-
ter, HbA, was measured using automated high-performance
liquid chromatography (HPLC) (Diamat, Bio-Rad, Her-
cules, CA). Extensive duplicate samples were run with both
techniques, and no systematic differences were seen. Read-
ings with the two methods were shown to be almost identi-
cal (r = 0.95; Diamat HbA,; = 0.18+ 1.00 Isolab HbA,).
The absolute difference was 0.158 (% HbA ). The methods
produced almost identical results (r = 0.95). Cholesterol
and triglycerides were measured enzymatically (20,21).
High-density lipoprotein cholesterol (HDLc) was deter-
mined using a modification of the Lipid Research Clinic’s
method by a heparin and manganese procedure (22). Low-
density lipoprotein cholesterol (LDLc) was calculated using
the Friedewald equation (23), which has been previously
validated in this type 1 diabetic population (24). Non-
HDLc was calculated as total cholesterol-HDLc.

Apolipoprotein A-1 was determined by immunoelectro-
phoresis (25,26). Serum fibrinogen levels were determined
with a biuret colormetric procedure and a clotting method.
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White blood cell (WBC) counts were determined using the
Coulter S-Plus IV. Serum creatinine was measured enzy-
matically (Kodak Ectachem®) and fibrinogen by abuiret
colorinetenic procedure and a clotting method.

Estimated glucose disposal rate (11) was calculated ac-
cording to the formula eGDR = 24.31 —12.22*(waist to hip
ratio) —3.29*(hypertension; yes = 1; no = 0)—0.568*
HbA,). This was derived from hyperinsulinemic euglyce-
mic clamp studies conducted in 24 subjects selected on the
basis of low/middle/high levels of risk factors associated
with insulin resistance. EGDR was highly associated with
glucose disposal during the clamp (1> = 0.63).

Diabetes complications. Distal symmetric polyneuropa-
thy was determined according to the Diabetes Control and
Complications Trial clinical examination protocol (27).
The presence of two or more symptoms, signs, and absent
tendon reflexes was considered positive.

Overt nephropathy was defined as an albumin excretion
rate (AER) >200 pg/min in 2 of 3 timed urine collections
(24-hour, overnight, and postclinic), renal dialysis, or kid-
ney transplant. If two timed urine specimens were not com-
plete, a previously validated urinary albumin:creatinine
(mg/mg) ratio >0.31 was used to define overt nephropathy.
Urinary albumin was determined immuno-nephelometri-
cally (28). If no specimens were available, serum creatinine >2
mg/dl was considered evidence of overt nephropathy.

Clinical coronary artery disease (CAD) was defined as a
history of myocardial infarction (confirmed by ECG Q
waves or hospital records, using standardized criteria) (29),
coronary artery occlusion =50% by angiography, or diagno-
sis of angina by the EDC physician during any EDC cycle
visit.

Death certificates were obtained for all reported deaths.
Cause of death was classified as i) cardiovascular disease; ii)
renal disease; iii) infection; iv) other diabetic; or v) other
nondiabetic, according to the principles of classification of
the Diabetes Epidemiology Research International (DERI)
(30). A separate classification was made based on the men-
tion of CVD or renal disease on the death certificate, re-
gardless of the DERI classification.

Statistical Analysis

Differences between subjects by vital status were evaluated
using Student’s t-test for continuous variables and chi-
square test for dichotomous variables. Non-normally dis-
tributed variables were transformed by natural log; the
Mann-Whitney test was used to compare continuous vari-
ables that could not be log-normalized. P < .05 was consid-
ered statistically significant. All risk factor variables studied
were obtained at baseline.

Variables that were correlated at the p < .05 level with
mortality were made available for Cox proportional hazards
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modeling. Significance of p < .05 was required to enter the
model, and p > .10 for exclusion from the model of a vari-
able that had entered. eGDR was entered as a continuous
variable.

Because of colinearity with diabetes duration, the age
variable was not used in multivariate analyses. Presence of
overt nephropathy was used in place of AER in multivari-
ate models. Alternate models were developed using both
overt nephropathy and creatinine, or excluding creatinine.

For Cox regression of cause-specific mortality, deceased
subjects without the cause of death of interest were ex-
cluded from the analysis. Analysis was performed using
SPSS for Windows (31).

RESULTS

At baseline, the prevalences of ABD =75 mm Hg and
eGDR <6.22 mg/kg/min (lowest quintile) were 6.8 and 20%,
respectively. Prevalences were significantly higher among
men than women (10.4 vs. 3.1% for ABD; 26.8 vs. 12.5% for
eGDR; each p < .001). There were no significant gender dif-
ferences in the prevalences of ischemic ECG, or ABI <0.8,
which had overall prevalences of 5 and 4%, respectively.

Of the 68 deaths, 44% were attributed to CVD, 15% to
kidney failure, 16% to infection, 9% to other diabetic
causes, and 16% to other nondiabetic causes (including 2
whose cause had not yet been assigned), according to the
DERI coding. CVD and renal disease were mentioned on
41% and 34% of death certificates, respectively. Among 9
subjects with fatal MI or CAD death as their first clinical
evidence of CAD, 8 had ON at baseline.

Among subjects who later died, 71% of those with base-
line CAD and 71% of those with ECG ischemia were as-
signed a DERI code for CVD death. Among subjects with
any of the other markers or with eGDR <6.22, the cause of
death was assigned to CVD in 47-50% of decedents, similar
to subjects with smoking history (51%), hypertension
(56%), neuropathy (56%), and overt nephropathy (50%).

Table 1 shows baseline risk factor levels according to vi-
tal status at 10-year follow-up. Risk factor and subclinical
marker associations with mortality were similar for men and
women (not shown), except that HbA, predicted mortality
in women and overall, but not in men. Only gender, body
mass index, and QTc¢ interval did not predict mortality.

Table 2 shows the percentage mortality and univariate
hazard ratios for mortality of subclinical markers, CAD, and
overt nephropathy. Subjects with baseline CAD experi-
enced the highest mortality (54%), followed by ischemic
ECG (45%), ABD 75+ (44%), eGDR <6.22 (30%), overt
nephropathy (28%), and ABI <0.8 (23%). The hazard ra-
tios for ischemic ECG, ABD 75+, and eGDR <6.22 were

similar to each other, and 10-20% lower than prevalent
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TABLE 1. Baseline risk factor levels for mortality, EDC 10-year
follow-up
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TABLE 2. Association of baseline status with mortality,
univariate prediction, EDC 10-year follow-up

Variable n Alive Dead

Total population 655 587 68

Sex (% male) 655 50.1 55.9

Age (yrs) 655 268 =177 33.8 £ 6.7%*x*

Diabetes duration (yrs) 655 18.6 =74 25.3 £ 5.8%%#*a
Subclinical measures

Ischemic ECG (%) 637 3.0 21.2%%%b

ABI < 0.8 (%) 646 3.5 8.8*b

ABD 75+ (%) 646 4.2 27.9%%%b

ABI < 0.8 or ABD 75+ (%) 646 7.6 35 3%

eGDR < 6.22 (mg/kg/min) (%) 645 15.4 57.6%*xa

THbA, (%) 651 103 = 1.8 10.9 + 1.8*

Fibrinogen (mg/dl) 645 283.5 £ 88.2 348.7 &= 94.1%**2

WBC X 10°*/mm? 648 65*19 7.8 & 2.1%%%¢

Triglycerides (mg/dl) 615 101.5 £ 774 186.8 £ 143.2%%*a

LDLc (mg/dl) 601 113.3 £33.3 142.5 & 38.0%%*c

non-HDLc (mg/dl) 648 133.0 = 39.5 177.4 + 52.7%%%c

HDLc (mg/dl) 648 543 +12.2  49.5 £ 12.7%*

ApoA1/HDLc 639 2.6 +0.5 3.0 £ 0.6%**

Serum Creatinine (mg/dl) 651 0.9 £0.6 2.2 & 2.4%xxa

Log median AER (jg/min) 650 34=x19 5.8 & 2.0#*a

SBP (mm Hg) 655 112.1 £13.7 128.7 % 24.6%**2

DBP (mm Hg) 655 723 £10.5 78.8 £ 13.7¥**¢

QTec (Bazett) 617 409.5 = 29.9 403.0 = 28.7

Body mass index (kg/m?) 652 235=*32 23.8 3.3

Waist to hip ratio 649 0.82 =0.07 0.87 £ 0.09%**

Beck Depression Inventory 529 7.0 £ 64 10.3 & 6.4%*%*2

Smoke ever (%) 627 344 63.6%%*

Hypertension (%) 655 12.6 51.5%3%:*

CAD (%) 655 2.0 20.6%%%b

Neuropathy (%) 652 243 73. 1D

Overt nephropathy (%) 655 20.8 70.6%xb

Values are given as mean * SD or prevalence (%). 7.77 is the mean
eGDR; 6.22 is the lowest quintile.

"Mann-Whitney.

PFisher’s exact.

‘Log-transformed before t-test.

Comparisons by vital status: *p < .05; **p < .01; ***p < .001.
ISignificant only in women (p < .01) when examined gender-specifically.

baseline CAD (8.4) or overt nephropathy (7.6) for mortal-
ity risk. The prediction of subclinical markers and eGDR
for total mortality is further explored by gender in Figure 1,
where it can be seen that eGDR is more predictive in men.
Though HR and specificity are generally quite high, sensi-
tivity, only for ischemic ECG in men, does exceed 50%.

In multivariate modeling in which all univariate predic-
tors in Table 1 were available (except age because of colin-
earity with duration) and creatinine (vide infra), prevalent
CAD, duration, eGDR (modeled as a continuous variable),
overt nephropathy, ischemic ECG , smoking history, and
non-HDLc predicted mortality (Table 3a). When serum
creatinine was available, it entered the model in addition to
overt nephropathy, resulting in a significantly better model
(Table 3b; probability x*;) =10.3 p < .005), and HbA, (a
component of the eGDR) replaced eGDR. Excluding creat-
inine and complications (CAD, overt nephropathy) from

Percentage ~ Mortality HR
Clinical and subclinical markers n dying (n) (95% CI)!
CAD 26 54 (14) 8.4 (4.7-15.2)
Overt nephropathy 170 28 (18) 7.6 (4.5-12.9)
eGDR < 6.22 mg/kg/min 127 30 (40) 6.7 (4.1-10.9)
Ischemic ECG 31 45 (14) 6.7 (3.7-12.1)
ABD 75+ mm Hg 43 44 (19) 6.7(3.9-11.4)
ABI < 0.8 26 23 (6) 2.5(1.1-5.9)
ABI < 0.8 or ABD 75+ mm Hg 68 35(24) 5.4 (3.3-8.9)

eGDR median = 8.06, mean = 7.74, interquartile range = 6.66-9.12.
ABD median = 22.0, mean = 29.4, interquartile range = 12.0-32.0.
ABI median = 1.02 , mean = 1.03, interquartile range = 0.96-1.09.
Referrent group in those without the specified risk factor.

the model, the mortality predictors were eGDR, log AER,
duration, ischemic ECG, and smoking (not shown).

The independent CVD mortality predictors (DERI)
were creatinine, baseline CAD, diabetes duration, ischemic
ECG, non-HDLc, and smoking history; that is, the same as
all-cause mortality but without overt nephropathy and
HbA,. The independent predictors of renal disease death
were eGDR, ischemic ECG, WBC, CAD, and duration.
Similar results were obtained using any mention of CVD or
of renal disease in place of the DERI classifications.

Because 75% of the deceased subjects had CAD or overt
nephropathy at baseline, we examined how well the sub-
clinical markers and eGDR predicted mortality (n = 17) in
the 474 subjects without these complications at baseline.
Estimates were less stable due to small numbers. Ischemic
ECG had a high mortality hazard ratio (14.5; 95% confi-
dence interval [CI] 4.1-50.9), with three of the eight sub-
jects dying (two from CAD and the third from overt
nephropathy). For ABI/ABD and for eGDR, though the
hazard ratios were increased (2.6 and 2.1, respectively), the
confidence intervals included unity. Each of the subclinical
markers and eGDR <6.22 had specificity >90% for mortal-
ity. At an HbA, level with comparable specificity; how-
ever, HbA, (=12%) was not associated with increased
mortality risk. Both deceased subjects with baseline
HbA, =12% and 2 of 3 in the lowest quintile of eGDR de-
veloped overt nephropathy or CAD if they did not have
these complications at baseline.

DISCUSSION

These results support the use of eGDR, ischemic ECG, and
ABI <0.8 in conjunction with ABD 75+ in identifying
type 1 diabetic adults at increased mortality risk. Strikingly,
eGDR in the lowest quintile, ischemic ECG, and ABD
75+ each increased mortality risk sevenfold, a degree only
slightly less than that seen for pre-existing CAD or overt
nephropathy. In models that included CAD and overt
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nephropathy, ischemic ECG and eGDR (or HbA,) were in-
dependent mortality predictors, largely because they also
predicted subsequent CAD and overt nephropathy. This se-
quence is also supported by a link between baseline is-
chemic ECG and CVD mortality in multivariate modeling.
Ischemic ECG was a particularly strong mortality predictor
among subjects free of baseline CAD or overt nephropathy.

In previous reports from the EDC study with 4-6 years
follow-up, glycosylated hemoglobin failed to predict nonfa-
tal CAD in type 1 diabetes (10,32); whereas, an association
with fatal CAD was suggested (10). With longer follow-up,
the Wisconsin Epidemiologic Study of Diabetic Retinopa-

thy found a borderline association between glycosylated he-
moglobin and CAD mortality after adjusting for age and
sex (95% CI 1.00-1.40) (33).

HbA, was an independent mortality predictor in the
present study if serum creatinine was also in the model. The
eGDR, which includes HbA;, was itself an independent
mortality predictor if creatinine was not available, and an
independent predictor of renal disease mortality. These
data are consistent with insulin resistance and blood glu-
cose control impacting survival through pathways in addi-
tion to CVD, notably renal disease. The multivariate model
with HbA; and creatinine was better than that with eGDR
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TABLE 3. Significant predictors of 10-year mortality, Cox
Proportional Hazards Models

Variables HR  (95% CI) p
3a. Excluding creatinine
CAD 2.89 (1.46-5.75) .002
Duration 1.64 (1.20-2.23) .002
eGDR 0.66 (0.50-0.87) .003
Overt nephropathy 2.60 (1.34-5.05) .005 n = 596
ECG Ischemia 2.60 (1 27-5.32) .009 —2LL = 606.8
Ever smoke 2.07 (1.20-3.58) .009
non-HDLc 1.29 (1.01-1.67) .032
3b. All Variables Available
CAD 3.68 (1.84-7.34) < .001
Serum creatinine 1.35 (1.19-1.52) < .001
Duration 1.67 (1 22-2.27) .001
ECG Ischemia 2.90 (1.44-5.87) .003 n =596
Ever smoke 2.19 (1.25-3.83) .006 -2LL = 596.5
Overt nephropathy 2.52 (1.27-4.99) .008
non-HDLc 1.35 (1.19-1.52) .009
HbA1 1.39 (1.05-1.85) .021

Hazard ratio (HR) yes/no or change per standard deviation (SD).
SD duration = 7.5 years.

eGDR = 1.93 mg/kg/min.

Creatinine 1.0 mg/dl.

HbA, 1.84 mg%.

Non-HDLc 43.0 mg/dl.

EGDR entered as a continuous measure.

(Tables 3a and 3b), but eGDR was a better mortality pre-
dictor than HbA, among subjects free of baseline CAD or
overt nephropathy. The strong predictive power of eGDR
for overt nephropathy (34), provides further evidence that
nephropathy in type 1 diabetes is an insulin resistance com-
plication (35). This also reflects the close association be-
tween hypertension (a component of the eGDR) and
nephropathy.

Nephropathy is a major pathway between diabetic con-
trol and mortality (12,36). However, the predictive power
of eGDR and of HbA, for mortality persisted even though
overt nephropathy and CAD were in the multivariate mod-
els, because eGDR and HbA, predicted development of
these complications.

ABI is a less accurate measure of lower extremity athero-
sclerosis in type 1 diabetes, because of peripheral arterial cal-
cification. Prognostic usefulness was considerably improved
by combining ABI <0.8 with ABD =75 mm Hg. ABI and
ABD are derived from measurements obtained through the
same procedures. Therefore, we recommend that they be
used together in screening patients with type 1 diabetes.

In a recent conference on the primary prevention of
CAD, the presence of ST-segment changes on resting ECG
was classified as a CAD risk factor (37). Relative risks of
2-3 for fatal CHD and CVD have been reported (1,2),
which are compatible with our results for all-cause mortal-
ity, in which the adjusted relative risk was 2.5. Ischemic
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ECG was associated with high mortality risk even in the
absence of CAD or overt nephropathy, while maintaining
99% specificity and thus seems the most useful of the sub-
clinical markers. In terms of other markers, serum creati-
nine has been reported before and in addition to
representing vessel disease, may also reflect generalized vas-
cular disease in the kidney (38).

WBC count, a marker for inflammation in atherosclero-
sis, may also have an etiologic role by participating in en-
dothelial injury and clogging capillaries and thereby
reducing blood flow (see Ref.42). In shorter follow-up from
the EDC study, WBC count was an independent predictor
of CAD mortality (10), but perhaps because of small num-
bers, only a univariate predictor of total mortality (12).

The variable, non-HDLc, was used so as to include 47
subjects without an LDLc value (Table 1). This proxy for
LDLc independently predicted all-cause and CVD mortality.

The EDC study previously reported that a history of
smoking predicted fatal CAD (18 events) in univariate
analysis only (10). Klein et al.; however, reported decreased
survival in current smokers with diabetes onset before age
30, with a relative risk of 2.36 after adjustment for age and
sex (39). After adjusting for the same risk factors, the rela-
tive risk for ever smoking was quite similar in the present
study (2.31), and smoking was an independent mortality
predictor in the full model.

The QTc interval has been implicated in sudden cardiac
death among patients with a history of myocardial infarc-
tion (40), and type 2 diabetes (41); however, its usefulness
in type 1 diabetes is disputed, and we found no evidence
that QTc predicts mortality, in agreement with Rathman
and colleagues (42); whereas, Sawicki et al. reported that
QTec predicted all-cause mortality, but not cardiovascular
mortality, in type 1 diabetes with overt nephropathy (18).

In conclusion, the eGDR, ECG ischemia, and ABI<0.8,
in combination with ABD =75 mm Hg, are valuable
screening tools for mortality risk in adults with type 1 dia-
betes. As the major causes of mortality in this population
are cardiovascular and renal, high-risk patients should re-
ceive medical attention to control blood glucose and lower
modifiable cardiovascular risk factors.

This research was supported by NIH Grant DK34818.
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