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Abstract
Aim—To create a Coronary Heart Disease (CHD) risk prediction model specific to type 1
diabetes.

Methods—Development of the model used data from the Pittsburgh Epidemiology of Diabetes
Complications Study (EDC). EDC subjects had type 1 diabetes diagnosed between 1950 and 1980,
received their first study exam between 1986 and 1988, and have been followed biennially since.
The final cohort for model development consisted of 603 subjects and 46 incident events. Hard
CHD was defined as CHD death, fatal/non-fatal MI or Q-waves. Baseline CHD risk factors were
tested bivariately and introduced into a Weibull model. The prediction model was externally
validated in the EURODIAB Prospective Complications Study.

Results—In males, predictors were higher white blood cell count, micro or macroalbuminuira,
lower HDLc and longer diabetes duration. In females, larger waist/hip ratio, higher non-HDLc,
higher systolic blood pressure, use of blood pressure medication, and longer diabetes duration
were included. Models were robust to internal and external validation procedures.

Conclusions—CHD risk prediction models for hard CHD in those with type 1 diabetes should
include risk factors not considered by existing models. Using models specifically developed for
predicting CHD in type 1 diabetes may allow for more targeted prevention strategies.
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Introduction
Cardiovascular disease is the leading cause of death in people with diabetes [1]. People with
diabetes have a two to four fold increased risk of death due to coronary heart disease (CHD)
compared to those without diabetes [1]. People with type 1 diabetes may experience as much
as a 10 fold increased risk [2,3]. Since people with type 1 diabetes are diagnosed at a
younger age compared to those with type 2 diabetes, this group experiences significantly
larger effects on overall life expectancy and quality of life.

Because of the magnitude of CHD in type 1 diabetes, the ability to predict the likelihood of
experiencing a CHD event could prove beneficial for health education and risk factor
treatment. Further, risk factor control is inadequate in type 1 diabetes [4], and increased
awareness of the consequences of these risk factors in both patients and providers may be
needed to improve control. One way to increase awareness is through the use of CHD
prediction equations. While such equations exist, they were developed in general,
nondiabetic populations [5] or in populations with only type 2 diabetes [6]. To the best of
our knowledge, there are no CHD risk prediction models for type 1 diabetes. In previous
work, we applied the Framingham [5] and UKPDS [6] risk equations in a type 1 diabetes
cohort. These equations did not accurately predict risk, and showed a significant
underestimation of events [7]. Risk factors that are important in predicting CHD in type 1
diabetes including renal disease, waist-hip ratio and inflammatory markers [8] are not taken
into account in these existing models, likely accounting for their underestimation of events.

Given the shortcomings of existing prediction models, the accurate prediction of CHD
outcomes in type 1 diabetes requires the development of a risk prediction tool that can
account for the unique risk factors known to be important in those with type 1 diabetes. Our
objective, therefore, was to develop a CHD prediction model for type 1 diabetes using data
from an epidemiologically representative cohort, and to test the accuracy and
generalizability of the developed model by applying it to another type 1 diabetes population.

Research Designs and Methods
Study Population

These analyses used data from the Epidemiology of Diabetes Complications Study (EDC),
which includes subjects with childhood onset type 1 diabetes diagnosed between 1950 and
1980 before the age of 17. This is a prospective cohort study where all subjects were seen
within one year of diagnosis at Children's Hospital of Pittsburgh. Although this population is
clinic based, it has been shown to be epidemiologically representative of all type 1 diabetes
cases in Allegheny County, Pennsylvania [9]. The 658 subjects participating in baseline
exams have been followed biennially since 1986. Data included in these analyses included
baseline risk factors (1986-1988) and outcome data (through 2001). Removed from these
analyses were those that had prevalent CHD prior to study entry (n=52), and those whose
CHD history was unknown (n=3). The final dataset consisted of 603 subjects and 46
incident hard CHD events (26 males and 20 females).

Baseline Measurements
This database includes numerous potential risk factors for complications in type 1 diabetes.
The variables used to develop the models were collected at the baseline visit (1986-1988)
and included, but were not limited to, the following: age at study entry, age at onset of
diabetes, diabetes duration, current and past smoking status, Beck Depression Inventory
(BDI) [10], waist hip ratio (WHR), non-HDLc (total cholesterol-HDLc), HDLc, LDLc
(calculated from the Friedewald equation) [11], HbA1, white blood cell count, fibrinogen,
estimated glucose disposal rate (eGDR) determined by a regression equation derived from
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hyperinsulinemic-euglycemic clamp studies [12], diastolic and systolic blood pressure
measured after a five minute rest according to the Hypertension Detection and Follow-up
Program [13], current use of antihypertensive or antihyperlipidemic medications, and
presence of renal disease determined by the albumin excretion rate, >20 μg/min on 2 of 3
timed urines, renal failure or renal transplant.

CHD definitions
A hard CHD event was defined as an incident (first) non fatal MI that was confirmed by
medical records or Q-waves on ECG's according to Minnesota codes 1.1 or 1.2 [14] and
fatal CHD after review of death certificates, hospital records and autopsy reports as
appropriate, and classified according to standard protocol of the Diabetes Epidemiology
Research International [15].

Validation Dataset
The model was externally validated using the EURODIAB Prospective Complications Study
(PCS) population. The EURODIAB PCS is a hospital based multi-center study designed to
examine risk factors for micro and macrovascular complications in type 1 diabetes subjects
in 31 centers from 16 countries across Europe [16]. Baseline exams took place in 1989-91
on 3250 subjects diagnosed with type 1 diabetes before age 36 who were on continuous
insulin treatment within one year of diagnosis. Follow-up exams were conducted on 2328
participants 6-8 years later. Of these participants, 53 had incident hard CHD events at
follow-up. Reasons for loss to follow-up were because four centers did not participate
(n=437), participants and prevalent CHD at baseline (n=222), 8 participants did not meet
inclusion criteria at baseline, and CHD was not measured in 14 participants. A more
atherogenic risk factor profile was found in those who were lost to follow-up, after adjusting
for age. Those who dropped out were older, had longer duration of diabetes, worse glycemic
control, abnormal lipid levels, higher BP and more microvascular complications [17].

Statistical Analyses
Model development—First, descriptive statistics including means and frequencies were
examined. Those variables exhibiting a non-normal distribution were appropriately
transformed. Those variables having a p-value < 0.10 in the univariate models were
considered for multivariate modeling. All models were adjusted for diabetes duration. Initial
Cox models were found to violate the assumption of constant hazards using the Lagrange
Multiplier Chi Square test. Therefore, the final multivariate models were estimated using a
Weibull accelerated failure time model [18]. Since the subjects were not newly diagnosed
with type 1 diabetes and diabetes duration is a known risk factor for CHD [19], duration of
diabetes prior to entry into study was included in all models. When blood pressure was
entered, the model was also adjusted for antihypertensive (Yes/No) use. After the most
parsimonious multivariate model was selected, the survivor function was used to calculate
yearly survival rates.

Internal Validation: Internal validity (reproducibility) was performed using Akaike's
Information Criteria (AIC). This version of cross-validation was used at each step of the
model building process. Additional reproducibility testing was performed with
bootstrapping using STATA 8.0 [20]. There was concern about over fitting the model due to
the small sample size. Bootstrapping with the extended information criterion can overcome
the AIC's over fitting problems and was used in our modeling process. While both
bootstrapping and shrinkage were carried out, we did not use the coefficients produced from
the shrinkage calculations as it did not improve the validity of the model in the external
independent validation sample (EURODIAB). The calibration and discrimination of the
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model was tested using Hosmer and Lemeshow's goodness of fit and c-statistics
respectively.

External Validation: In the EURODIAB PCS (external validation dataset) there were no
comparable inflammatory markers to EDC. Further, WBC was not measured in
EURODIAB, therefore WBC was imputed using the following linear regression equation
WBC= -.446 + .948*(presence of micro or macroalbumuira) + 7.319*(waist/hip ratio). This
linear regression equation was derived from the variables significantly associated with WBC
in the EDC dataset. The EURODIAB cohort was followed for eight years; therefore follow-
up for the EDC cohort was limited to a maximum of eight years for the purposes of the
external validation study.

All analyses were performed using SAS version 9 and STATA version 8. This study was
approved by the University of Pittsburgh Institutional Review Board. The authors had full
access to the data and take responsibility for its integrity. All authors have read and agree to
the manuscript as written.

Results
Six-hundred three subjects with type 1 diabetes were included in these analyses. Baseline
characteristics of the EDC population are shown in table 1 and 2 for males and females.
Initial steps in building the model involved examining associations between baseline
characteristics and hard CHD outcomes (MI/CAD death, Q-waves). Age and duration are
highly correlated in this cohort (>0.80), therefore only diabetes duration was forced into all
models. All models were stratified by gender. In males standard cardiovascular risk factors
(elevated LDLc, nonHDLc, AER, fibrinogen, SBP, WHR, and WBC) were associated with
increased risk of CHD. Results were similar in females with the exception of BDI, where
higher BDI was significantly associated univariately. The average HbA1 in males was
10.4% and in females 10.3%. HbA1 did not enter the model for either males or females.

Using the methods described above, the following prediction models were derived.

Males: X =1.8738 - 0.9452 (log white blood cell count) - 1.0625 (presence of
microalbuminuria or greater) + 1.4808 (log HDLc) - 0.2286 (sqrt diabetes duration at
baseline)

Females: X =21.62 - 4.4331 (waist/hip ratio) - 1.594(log nonHDLc) - 0.023 (systolic blood
pressure) - 0.498 (use of blood pressure medication) - 0.705 (sqrt diabetes duration at
baseline).

Following this calculation, the probability of not having an event was calculated using St(t)=
exp{ - [tie-βxi]1/σ } where σ=0.6417 for males and σ=0.6215 for females. 1-
Si(10)=probability of an event in 10 years.

Observed and expected events using the Pittsburgh CHD in Type 1 Diabetes Risk Model are
shown for males and females in Figure 1. In males, the observed and expected events are
similar until the tenth (highest risk decile) where the model underpredicted events. In
females, the model predicted well until the ninth and tenth deciles where the model
underpredicted in the ninth decile and overpredicted in the tenth. The c statistics were 0.84
and 0.89, females and males respectively.

There were differences noted when the model was externally validated in the EURODIAB
PCS cohort. Age at onset was significantly younger in EDC 8.0 years vs 16.9 years in
females; 8.0 vs 17.9 in males, respectively. Age at the baseline visit was also significantly
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younger in the EDC population 27.1 vs 31.4 years in females; 27.0 vs 31.7 years in males.
Systolic blood pressures were lower in EDC 109.6 mmHg vs 116.6 mmHg in females; and
116.1 mmHg vs 121.7 mmHg in males with a similar proportion of subjects treated for high
blood pressure. WHR, HDLc and non HDLc were similar in both cohorts.

Figure 2 shows the comparison between expected and actual events applying the newly
developed type1 diabetes CHD prediction model to data from the EURODIAB Study. The
outcome of interest is the same ‘hard’ events (fatal or nonfatal MI, Q-wave, CHD Death)
although fatal cases were based solely on death certificate information. In males, the model
performed well with a c statistic of 0.77. Events were slightly overpredicted in the tenth
decile. The female model also performed well with a c statistic was 0.78, however the model
overpredicted events in the tenth decile.

Discussion
We have developed and validated a CHD prediction model for type 1 diabetes using data
from an epidemiologically representative cohort. This is the first study to develop and
externally validate a CHD risk prediction model specific to type 1 diabetes. This model is
gender specific and contains risk factors not considered in currently existing CHD risk
prediction models. In males, baseline risk factors included in the model were higher white
blood cell count (WBC), micro or macro albuminuira, lower HDLc and longer diabetes
duration. In females, larger waist/hip ratio, higher non-HDLc (total cholesterol – HDLc),
higher systolic blood pressure, use of blood pressure medication, and longer diabetes
duration were included.

The characteristics of type 1 diabetes necessitate the development of a specific model in
order to have accurate estimation of CHD events in type 1 diabetes. Using existing models
to predict a CHD event in type 1 diabetes will not only provide inaccurate estimates of risk,
but this underestimation may result in less aggressive treatment and therefore poor control of
CHD risk factors. The cluster of CHD risk factors identified through these analyses are the
plausible explanation for the poor prediction of events using the Framingham and UKPDS
Risk Engines previously reported [8]. These models do not consider WHR, WBC, or renal
disease. We included these variables in our analyses and found they were predictive of
future CHD events. This new prediction model provides a more accurate measure of risk
prediction for CHD in type 1 diabetes. The risk factors identified in these models are also
easily measured in clinical practice which may enhance their use.

Previous work in this population demonstrated that renal disease is a significant predictor of
hard CHD [21] and the Steno group demonstrated many years ago the strong effect of renal
disease by showing that those developing renal disease had an 8 fold greater risk of CHD
than a matched group who did not develop proteinuria [22]. In females, our final model
consisted of WHR, nonHDLc, and systolic blood pressure. Other prediction models for
CHD do not include WHR, which is a marker for visceral fat, known to be an important risk
factor for CHD. While these women were not obese (mean BMI=26.7 kg/m2), the location
of the adipose tissue may be important in predicting their risk. Previous studies in this
population also found depression, as measured by the Beck Depression Index, to be an
important predictor of CHD events in women [23]. Depression did not remain in the final
prediction model demonstrating the relative importance of other risk factors for predicting
CHD risk in women.

Neither the male or female prediction model contained a measure of glycemic control.
HbA1 was not a significant predictor either univariately or multivariately, even with
duration removed. These findings are consistent with the general literature as recently
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reviewed [24] where only a weak association, if any, between A1C and CHD, was shown
[21]. The recent results from the DCCT/EDIC trial provide a contrast to these results where
prior intensive glycemic control reduced CHD [25]. It is not clear, however, what degree of
improved CHD outcomes is due to better glycemic control or some other mediating
mechanism (eg reduced renal disease) [25]. However, those enrolled in the DCCT/EDIC
study had shorter diabetes duration had to meet the exclusion criteria of the DCCT trial (no
obesity, hypertension or hypercholesterolemia), and achieved a far lower A1C level than
seen in the epidemiologic studies. Further, DCCT participants were closely followed during
the trial which may not be reflective of health care practices in the community. A full
multivariate prediction model for CHD events in DCCT/EDIC has not been reported.

Renal disease (microalbuminuria) in this model was tested as both a dichotomous and
continuous variable. Since this model was developed to be used in the clinical setting, the
dichotomous variable was chosen to be used as model parameters did not differ between the
models.

The characteristics found to be associated with increased CHD risk in this model also have
significant clinical implications. Data from diabetes cohorts demonstrate poor adherence
with recommended practice guidelines [26]. Further, more aggressive treatment of blood
pressure and lipids in this population is critical as a previous analysis reported low levels of
treatment and control [27].

While this is the first CHD prediction model for type 1 diabetes, there are limitations to our
study. The first limitation was the small number of hard CHD events experienced over the
follow-up period in only 46 subjects. However, EDC is one of the only epidemiologically
representative type 1 diabetes cohorts with longitudinal data available. The subjects in the
EDC cohort received care in the general medical community and thus represent the natural
history of care and complications in type 1 diabetes. While the sample size is limited, the
EDC cohort is the ideal cohort with which to develop this model. While EDC is primarily
Caucasian (15 non whites), these analyses provide new information for the prediction of
CHD in type 1 diabetes, but is only generalizable to similar populations. Further, the EDC
cohort represents those with longer duration type 1 diabetes, therefore a survivor bias may
exist.

An external validation study was conducted using the EURODIAB PCS population in order
to examine model performance in a different cohort. The EURODIAB PCS cohort is the
large clinic-based type 1 diabetes cohort. Twenty eight percent of participants were lost to
follow-up, however for a large European multicenter study, this is not unexpected. Previous
analyses showed that individuals who dropped out were more likely to have an atherogenic
risk factor profile than participants in the follow up. This could mean that the incidence of
CHD may be underestimated for both men and women. The results of our external
validation indicated that the model performs well with the exception of women in the
highest risk decile and should be used with caution in this group. However, because of this
overprediction, we examined the factors in the equation that might be contributing to the
higher probability in EURODIAB women. It appears to be driven by the sensitivity of the
equation to values of systolic blood pressure independent of treatment. The EURODIAB
women had a significantly higher mean blood pressure in the 10th decile compared to the
other deciles and to EDC women in the 10th decile. Another limitation is that the model was
derived in those with childhood onset type 1 diabetes and may not be generalizable to those
diagnosed with type 1 diabetes as an adult. However, the validation of the equations in a
cohort with onset up to the age of 35 suggests this limitation is not problematic.
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In conclusion, we have developed and externally validated the first CHD prediction model
specific to those with type 1 diabetes. This model has significant public health importance
given the younger age at CHD incidence and the potentially longer duration of exposure to
abnormal CHD risk factors that those with type 1 diabetes experience. Given that the
elevated CHD risk is often overlooked given the younger age of these patients, a risk
calculator that uses easily measured risk factors may lead to more aggressive treatment and
eventual declines in the incidence of CHD in this population. Future research should explore
the use of this model in the clinical setting in order to provide both patients and their health
care providers with risk information.
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Figure 1.
10 year prediction of hard CHD events using the Pittsburgh CHD in Type 1 Diabetes Risk
Model
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Figure 2.
8 year prediction of hard CHD events in the EURODIAB PCS population using the
Pittsburgh CHD in Type 1 Diabetes Risk Model
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Table 1

Univariate Analysis of Baseline variables for Females (N=299) in the EDC study 1986-1988

Variable Name Mean [sd] or n [%] Parameter Estimate P-Value

LDLc (mg/dl) 112.6 [30.9] -2.11 0.008

HDLc (mg/dl) 58.5 [12.9] 1.91 0.040

Systolic Blood Pressure (mmHg)* 109.4 [13.7] -0.04 < 0.001

Total Chol/HDL 3.4 [1.1] -2.44 < 0.001

Beck Despression Index 8.2 [6.4] -0.05 0.040

Currently smoking (%yes)* 60 [20.6] -0.44 0.230

Renal Disease (%yes) 121 [40.5] -0.81 0.040

Dur. Of disease prior entry (yrs) 18.9 [7.5] -0.91 0.002

BMI (kg/m2) 26.7 [56.6] 0.00 0.890

Antihypertensive (%yes) 22 [7.6] -1.30 0.004

HbA1 (%) 10.3 [1.8] -0.14 0.100

Ever smoke (%yes) 116 [39.5] -0.82 0.030

Fibrinogen (mg/dl) 300.5 [89.8] -0.005 0.004

Albumin Excretion Rate (μg/min) 228.1 [572.4] -0.22 0.009

Wasit Hip Ratio 0.78 [0.1] -7.57 0.008

Age at study entry (yrs) 27.3 [7.9] -0.09 0.002

Non HDLc (mg/dl) 133.2 [40.5] -2.34 0.001

WBC 6.7 [2.0] -2.14 0.001

*
Framingham variables
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Table 2

Univariate Analysis of Baseline variables for Males (N=304) in the EDC study 1986-1988

Variable Name Mean [sd] or n [%] Parameter Estimate P-Value

LDLc (mg/dl) 117.1 [36.6] -1.42 0.008

HDLc (mg/dl) 49.5 [9.8] 1.97 0.008

Systolic Blood Pressure (mmHg)* 116.3 [15.1] -0.03 <0.001

Total Chol/HDL 3.9 [1.2] -1.97 <0.001

Beck Despression Index 5.7 [5.6] 0.00 0.870

Currently smoking (%yes)* 68 [23.7] -0.51 0.070

Renal Disease (%yes) 148 [48.7] -1.59 0.001

Dur. Of disease prior entry (yrs) 19.1 [7.3] -0.59 0.002

BMI (kg/m2) 30.0 [79.1] 0.00 0.080

Antihypertensive (%yes) 30 [10.5] -0.46 0.001

HbA1 (%) 10.4 [1.8] -0.09 0.160

Ever smoke (%yes) 137 [46.1] -0.61 0.030

Fibrinogen (mg/dl) 274.3 [85.9] 0.00 0.001

Albumin Excretion Rate (μg/min) 385.2 [1023.9] -0.33 <0.001

Wasit Hip Ratio 0.87 [0.1] -5.20 0.020

Age at study entry (yrs) 27.1 [7.6] -0.06 0.002

Non HDLc (mg/dl) 138.3 [42.9] -1.60 0.001

WBC 6.4 [1.8] -1.65 0.002

*
Framingham variables
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