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Validation dataset: Performance of the D:A:D and Framingham equations
• The D:A:D risk equation estimates determined in the training dataset were used to predict the number of
events in the validation dataset. The model yielded an AROC curve of 0.81 (95% CI: 0.76, 0.85). See
Figure 3
• The Framingham algorithm yielded an AROC curve of 0.77 (95% CI: 0.71, 0.83). See Figure 4
• Figure 5 illustrates the incidence rates of new onset DM by levels of risk for both the D:A:D and the
Framingham equations. The D:A:D equation discriminated better than the recalibrated Framingham
equation for the lower risk groups, and also identified better for patients at high risk of new onset DM.
• Figure 6 illustrates the observed and predicted (D:A:D and Framingham models) DM events. The D:A:D
model fared better than the Framingham model for sex, age, and BMI group, among others
CONCLUSIONS
• The D:A:D risk equation, developed on HIV positive patients incorporated a subset of the conventional
risk factors that applies in the general population
• The D:A:D risk equation accurately predicted DM in the validation data set, and performed better than
the Framingham in terms of discriminating high from low risk
• The D:A:D model also fared better than the Framingham in specific key subgroups
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Discrimination of the risk equations as assessed by AROC
Figure 2: Framingham training dataset
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Figure 1:D:A:D training dataset

0.00

0.25

0.50
1 - Specificity

0.75

0.00

1.00

0.25

0.50
1 - Specificity

0.75

1.00

Area under ROC curve = 0.7949

Area under ROC curve = 0.8444

Figure 4: Framingham training dataset

Sensitivity
0.50

0.75

0.75

1.00

1.00

Figure 3:D:A:D training dataset
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Training dataset
• Factors predictive of DM in the D:A:D study included glucose, BMI, age, HDL, triglycerides, sex and
mode of HIV exposure (Table 1)
• The Framingham algorithm predicted 72.5 DM events in the training dataset, and the score was
subsequently recalibrated to give the total 170 observed DM events in the training dataset
• Overall area under the ROC (AROC) for the D:A:D and Framingham equations in the training dataset are
shown in Figures 1 and 2
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RESULTS
• 13,609 patients had a complete risk factor profile, 251 cases of new onset DM occurred during 50,296
person-years. Median follow-up was 3.50 years (IQR: 1.36 – 6.16)
• Training dataset: 8,990 patients with 170 cases of new onset DM. Median follow-up 3.51 years (IQR: 1.36
– 6.16)
• Validation dataset: 4,619 patients with a median follow-up: 3.47 years (IQR: 1.36 – 6.12), and 81 new
onset DM

The D:A:D DM Predictive model
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METHODS
• The D:A:D study is a prospective, multi-national observational study formed by the collaboration of 11
cohorts of HIV-infected patients. The primary objective of the study is to establish whether the use of
combination antiretroviral therapy is associated with an increased risk of cardiovascular disease
• 33,389 HIV infected individuals are followed in 212 clinics in Europe, the US and Australia
• New onset DM endpoint was defined as either definite, if there was documented fasting plasma glucose
of higher than or equal to 7.0 mmol/L measured on two or more consecutive occasions, or; possible if
the patient was recorded as being diabetic with a reported date of onset,and was known to have
initiated anti-diabetic therapy
• The analyses include all patients recruited to D:A:D with follow-up data and a complete DM risk factor
profile, without prior DM or MI or other CVD events. Risk factors included: plasma glucose (fasting or
non-fasting), gender, family history of MI (as a proxy for family history of DM), systolic and diastolic
blood pressure, triglycerides (fasting or non-fasting), HDL, HCV status, BMI, smoking status, age, mode
of HIV infection, prior AIDS, CD4 count, HIV viral load, lipodystrophy and cumulative HAART
• Baseline was defined as the first time point at or after inclusion to the D:A:D study when all DM risk
factors were present
• Data were randomly split, stratified by cohort, into a training (2/3rds) and validation (1/3rd) data set
• A D:A:D predictive model for the short-term risk of DM was determined in the training dataset using
Poisson regression methods
• Traditional DM risk factors assessed were established a priori and included: age, sex, ethnicity,
glucose, blood pressure, HDL, LDL, BMI, triglycerides, smoking status (ever, never), family history of
coronary heart disease (as a surrogate for DM)
• The following HIV related covariates were also considered for inclusion: HIV exposure category, duration
since HIV positive test, prior AIDS, CD4, HIV viral load, lipodystrophy, duration ART exposure, and ART
class exposure; as well as HCV and HBV status (ever/never positive)
• To avoid overfitting, individual ARV drugs were not included as covariates. Smoking appeared
protective, and also was excluded. Race was not available for many patients, and so was excluded to
maximise generalisability to other populations.
• Expected 8-year probabilities of DM events were determined based on the Framingham algorithm, using
data on parental CVD, BMI, blood pressure, HDL, triglycerides, and fasting glucose level (a non-fasting
glucose >7.8 mmol/L was considered equivalent to a fasting value >5.6 mmol/L). The predicted 8-year
risk of DM was then converted to a prediction over the shorter D:A:D follow-up using a linear model,
and was then recalibrated in the training dataset
• The D:A:D model and the recalibrated Framingham model were then assessed in the validation dataset.
Area under the ROC (AROC), discrimination of low to high risk, and predicted number of events versus
observed were determined for the D:A:D and recalibrated Framingham models
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BACKGROUND
• Diabetes mellitus (DM) is a major risk factor for cardiovascular disease (CVD) among the general
population, and a strong risk factor for CVD in HIV infected patients
• Prediction models for DM exist in the general population, but have not yet been assessed in the HIV
infected population. In the Framingham Offspring Study, a simple prediction algorithm was developed
to determine the 8 year risk for Type 2 DM. Included in this algorithm were: parental diabetes, BMI,
blood pressure, HDL, triglycerides, and fasting glucose level
• We developed a DM risk equation for HIV infected patients
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