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Abstract 
 

Aims: The United Kingdom Prospective Diabetes Study Outcomes Model version 2 (UKPDS-OM2) 

is a health economic decision model supporting long-term evaluation of treatment options in diabetes. 

The aim of the study was to externally validate the model by comparing the predicted and observed 

outcomes in two European population-based cohorts of people with type 2 diabetes. 

Materials and methods: We used data from the Casale Monferrato Survey (CMS) [n=1931] and a 

subgroup of the Hoorn Diabetes Care System (DCS) cohorts [N=5188]. The following outcomes were 

analysed: all-cause mortality, myocardial infarction (MI), ischaemic heart disease (IHD), stroke, and 

congestive heart failure (CHF). Model performance was assessed by comparing predictions with 

observed cumulative incidences in each cohort during follow-up. 

Results: All-cause mortality was overestimated by the UKPDS-OM2 in both the cohorts, with a bias 

of 0.05 in CMS and 0.12 in DCS at 10 years of follow-up. For MI, predictions were consistently 

higher than observed incidence over the entire follow-up in both cohorts (10 years bias 0.07 for CMS 

and 0.10 for DCS). The model performed well for stroke and IHD outcomes in both cohorts. Heart 

failure incidence was predicted well for DCS (5 years bias -0.001) but underestimated for CMS. 

Conclusions: UKPDS-OM2 consistently overpredicted the risk of mortality and MI in both cohorts 

during follow-up. Period effects may partially explain the differences. Results indicate that 

transferability is not satisfactory for all outcomes and new or adjusted risk equations may be needed 

before applying the model to the Italian or Dutch settings. 
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Introduction 

Several diabetes outcomes simulation models have been developed and validated for type 2 diabetes 

(T2D) mellitus populations to support health care policy making. They are mainly used to extrapolate 

long-term clinical outcomes and costs from clinical trials, to assess cost-effectiveness and to estimate 

expected total budget impact of introducing new types of treatment. These analyses aid decision 

makers as part of a Health Technology Assessment (HTA) to support health care priority setting. 

Models that enable simulation at the level of individual patients (microsimulation models) in 

particular are useful in tracking multiple comorbidities and patient outcomes to properly reflect 

heterogeneity and facilitate evaluations of precision medicine (1). 

The United Kingdom Prospective Diabetes Study Outcomes Model version 2 (UKPDS-OM2) is an 

individual-level microsimulation tool used to predict health outcomes of individuals diagnosed with 

T2D (2). The model predicts several types of complications common to people with T2D, using 

Monte Carlo simulation and risk equations fitted on the UKPDS data that account for a range of 

patient characteristics, such as age, sex, pre-existing complications, lab values and lifestyle habits. 

The model, as described by Hayes et al., (2) is transparent and has been validated internally using 

UKPDS data.  

In view of a potential wide utilisation of the UKPDS-OM2 in cost-effectiveness analysis and in the 

evaluation of strategies for the management of T2D at European level in the future, external validation 

in data across European countries is of great interest. As observed in a validation of the first version 

of the UKPDS-OM (3), differences in health and health care between countries, reflected in 

differences in parameters such as in life expectancy of the general population and mortality risk for 

T2D, are likely to determine biased estimates of the outcomes. An assessment of model behaviour in 

different contexts can provide information on the factors affecting validity in different settings 

according to population characteristics. This requires detailed insight into model performance for a 

variety of outcomes and performance measures.  
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The previous release of the UKPDS-OM2, the UKPDS-OM1, has been validated in several settings 

(3–6). Previous patient level validation work of the UKPDS-OM2 equations has been done in the US 

(7,8) and Germany (9). They consistently report over-prediction of all-cause mortality but varied in 

terms of performance relative to other outcomes. In the US studies, the risk of cardiovascular (CV) 

outcomes was found to be overestimated and generally poorly discriminated at 10 years of follow-

up. In the German cohort, the UKPDS-OM2 over-predicted mortality at 10 years and showed poor 

discrimination for the CV outcomes despite no significant difference in observed and predicted CV 

outcomes. Since these results are contradictory and the sample size was small (less than 500 

participants), evidence on model performance in an European setting is currently quite limited.  

The aim of the present study therefore was to assess the performance of the UKPDS-OM2 in two 

large cohorts representative of different epidemiological scenarios within the European context, the 

Casale Monferrato Survey (CMS) from Italy and the Hoorn Diabetes Care System cohort (DCS) from 

the Netherlands. 

 

Methods 

UKPDS-OM2 was used to simulate the DCS and CMS populations from baseline up to 10 and 15 

years respectively, in order to compare its predicted cumulative incidences of T2D-related health 

outcomes with the observed cumulative incidences. The outcomes considered were all-cause 

mortality and the incidence of the following fatal and non-fatal events: myocardial infarction (MI), 

stroke, congestive heart failure (CHF), and other ischemic heart disease (IHD). The list of 

International Classification of Disease, 9th revision [ICD-9] and 10th revision [ICD-10] codes used 

for defining fatal and non-fatal events was derived from the UKPDS study and is provided in the 

Supplementary Table 1. Patients were included in the analysis if data were available at baseline on a 

predefined core set of risk factors, namely: sex; age; duration of diabetes (years); BMI; smoking 
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status (current smoker or not); total, HDL and LDL cholesterol; systolic blood pressure; HbA1c and 

eGFR.  

Casale Monferrato Survey 

The CMS started in 1988 (10) with the aim of assessing the prevalence of known diabetes in 

individuals living in the area of Casale Monferrato, Northern Italy. In 2000, a new survey included 

all members of the original cohort who were still alive and living in Casale Monferrato (N=860) plus 

all new diagnosis of T2D (N=2389) (11).  

We identified 1931 patients meeting the inclusion criteria (out of a total of n=3249). Patients were 

excluded in case of presence of missing data in at least one of the core set of risk factors (N=995) and 

in case of lack of follow-up data due to record linkage problems (N=323). Table 1 reports the 

characteristics of the final cohort at baseline. Albuminuria, history of MI and history of stroke were 

partially missing. All patients were of European descent.  

Outcomes during follow-up were identified from hospital discharge records (HDR), during the period 

2000-2017, by means of a record linkage procedure based on an encrypted identification number. 

Vital status was last updated at the end of 2017. From 2000 to 2006 underlying causes of death were 

ascertained from death certificates and coded by two physicians. From 2007 to 2015 causes of death 

were derived directly from the national Death Registry. Fatal events were classified according ICD-

9-CM [Clinical modification] codes. No risk factor data were available after baseline.  

Hoorn Diabetes Care System cohort 

The DCS cohort in the Netherlands is a primary care registry of individuals diagnosed with T2D 

(n=14756 in 2018). The DCS cohort started in 1998 and includes almost all people with T2D in the 

area of the DCS in West-Friesland. All participants visited the central diabetes center annually. Since 

2008, a random subsample was invited for the DCS biobank (n=5946) (12). Participants in biobank 

subsample were asked for consent to link with medical records, to enable validation of self-reported 
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information on events with hospital records (13). Linkage took place in West-Friesland hospitals, 

during the period 2015-2018.We excluded 50 individuals for whom outcome data were not available, 

500 individuals with year of entry after 2013, and another 208 with missing data on core variables at 

baseline, resulting 5188 individuals used for the analysis of all-cause mortality (Table 1 and 

Supplementary Table 2).  

The last year of enrollment was 2013 to enable at least 5 years of follow-up. Distribution by year of 

entry is reported in the Supplementary Figure 1. During follow-up, a maximum of 19.4% of risk 

factors was missing because of measurement errors, administrative mistakes, or missed annual 

checks. When more than one observation on a risk factor was available in a year, only the first 

measurement was considered. Due to censoring caused by entry after 2008, for 63% of individuals 

the 10 year follow-up time was not complete. A sensitivity analysis was performed with the subgroup 

of individuals followed for a full 10 years, i.e. using those individuals enrolled in 2008 (n=1931).  

Causes of death were ascertained from national death records and last updated at the beginning of 

2020. All outcomes were recorded using ICD-9 definitions and carefully aligned with the definitions 

of UKPDS-OM2 and CMS (see above).  

The UKPDS Outcomes Model version 2 

The UKPDS-OM2 is based on patient-level data from the United Kingdom Prospective Diabetes 

Study (2). We provide the characteristics of the UKPDS cohort used to inform the model, at 7 and 11 

years of follow-up, in Table 1. The model simulates T2D populations modelling the occurrence of 

eighth diabetes-related complications (MI, IHD, stroke, CHF, amputation, renal failure, diabetic ulcer 

and blindness in one eye), second events (MI, stroke and amputation) and death to estimate (quality-

adjusted) life expectancy, and costs. The UKPDS-OM2 predicts outcomes at patient level based on 

patient demographics (age, sex, ethnicity), duration of diabetes, risk factor levels over time, and 

history of T2D-related complications, using a probabilistic discrete-time state-transition model.  
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Further details on the model are reported in the Supplementary material.  

Missing data 

For individuals with missing data on variables other than core ones, we assumed these to be missing 

at random (MAR) and used multiple imputation to predict the missing values at patient level. In CMS, 

the percentage of individuals with missing values at baseline was 24% and in DCS 3.2%. For both 

cohorts, 25 datasets were imputed. Further details are reported in the Supplementary material 

(Supplementary Tables 3-8). 

Following multiple imputation, values of the completely missing variables at baseline 

(Supplementary Table 4) were imputed by means of regression models developed in the UKPDS 

population. 

In the simulation, we used the clinical risk factor levels as observed during the follow-up of the 

cohorts, if available. Missing risk factor data during follow-up were imputed using risk factor time-

path equations developed by the UKPDS modelling team, based on the UKPDS cohort. As an 

additional analysis, risk factor trajectories were carried forward from last observed value (baseline in 

CMS). 

Model validation 

The model was run for each cohort using all patients with imputed data from time of entry into DCS 

and CMS cohorts up to 10 and 15 years of follow-up, respectively. Outcomes predicted by the 

UKPDS-OM2 were recorded. Further details are reported in the Supplementary material (Missing 

data section). 

In predicting incidence of each T2D-related complication, only the first event after diagnosis was 

counted. We removed individuals with pre-existing events, resulting in specific sample sizes for each 

type of event (Supplementary Table 9). 
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Model validation was performed by comparing UKPDS-OM2 predictions with mean and 95% CI of 

the observed cumulative incidences in each cohort at 5, 10 and 15 (CMS only) years of follow-up, 

i.e. “calibration-in-the-large”. UKPDS-OM2 was judged to be well calibrated for a particular outcome 

if the predicted probability fell within the 95% CI of the probability estimated from the observed data. 

A competing risk analysis was used to assess the cumulative incidence of outcome, with death for 

other causes as a competing event (SAS macro cuminc for CMS, R survival package for DCS). 

We also calculated the difference between predicted and observed means in cumulative incidence: 

bias (difference between observed and predicted means), mean absolute error (arithmetic average of 

the absolute errors), root mean squared error (average of the squares of the errors) and mean absolute 

percentage error (average of the error in percentage terms) (14) (see online appendix for formulae). 

For all these measures values closer to zero describe a better accuracy. 

Finally, predicted and observed cumulative incidence for all the outcomes at the different time points 

(5, 10 and, for CMS only, 15 years) were plotted together in one graph per cohort. We then estimated 

a linear regression for each cohort and report the resulting R2.  

Model discrimination, i.e. ability to distinguish individuals with different outcomes (15), was 

estimated with C-statistics using patient’s observed survival time and predicted event-free survival at 

5, 10 and 15 (CMS only) years, for each of the outcomes. In DCS data, C-statistic was calculated 

with the Uno’s method in order to account for right censoring (16). In CMS data, there was no right 

censoring and the Harrell’s C-statistic was used instead. 

Analyses were performed with SAS 9.4 for CMS and R 4.0.0 for DCS. 

Sensitivity analysis 

All-cause mortality is a key outcome as it is a competing risk for the remaining outcomes. Hence, the 

following subgroup analyses were performed concerning the all-cause mortality outcome:  

- Sex: male and female 
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- Age at baseline: up to 65 years old and above  

- HbA1c at baseline: up to 7.4% (<59 mmol/mol) and 7.5% or higher (≥59mmol/mol)  

- Duration of diabetes at baseline: 0-5, 6-10 and 11+ years 

- BMI at baseline: up to 24.9, 25 to 29.9, 30+ kg/m2. 

Calibration was also evaluated by plotting the observed (95% CI) and predicted mortality by decile 

of predicted cumulative mortality at year 10 of follow-up. 

 

Results 

Baseline characteristics of the cohorts are provided in Table 1. The CMS and DCS cohorts differed 

mainly in the mean duration of diabetes, with CMS including more prevalent cases (mean duration 

of 10.9 years) and DCS including more recently diagnosed cases (mean duration of 6.8 years) (see 

Table 1). Age, SBP, smoking prevalence, also differed slightly among the cohorts. All the other risk 

factors had comparable mean values for DCS and CMS, while UKPDS showed lower rates of 

complications and higher HbA1c values.  

Figure 1 shows the predicted and observed (with 95% CI) cumulative incidences in the two cohorts 

up to 10 years (DCS) and 15 years (CMS) of follow-up, for all the outcomes. Table 2 reports the 

comparison of observed (with 95%CI) and predicted cumulative incidence at 5, 10 and 15 (CMS 

only) years, and mean bias, by outcome and cohort. The model overestimated all-cause mortality in 

CMS, with a bias increasing from 0.04 at 5 years to 0.06 at 15 years of follow-up. Overestimation of 

mortality was larger for the DCS cohort, with a bias of 0.09 at 5 years and 0.14 at 10 years. The 

UKPDS-OM2 also overestimated MI incidence in both cohorts, with a bias of 0.05 at 5 years and 

0.07-0.09 at 10 years. The model performed better for stroke and IHD in both cohorts. For stroke, 

bias was small (-0.01 and 0.01) at 5 years, slightly increasing with longer follow-up in both cohorts 

(-0.02 and 0.02). For IHD, similarly bias was small at 5 years (-0.01 and 0.001) and 10 years (-0,02 
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and 0.03).The model predicted heart failure incidence well for the DCS cohort (bias -0.001 at 5 years) 

but underestimated heart failure for CMS, with a bias ranging from -0.03 at 5 years to -0.07 at 15 

years.  

Supplementary Figure 2 plots the predicted vs observed cumulative incidence for all outcomes in one 

graph and all time point (at 5, 10 and, for CMS, 15 years), by cohort.  

Results of the analysis of all-cause mortality by subgroup are reported graphically in Supplementary 

Figure 3. In CMS, the UKPDS-OM2 showed a reasonable performance (within the 95%CI of the 

observed rate) for the following subgroups: men, age below 65 years (up to 10 years of follow-up), a 

median duration of diabetes of 6-10 years, and BMI below 25. The model predicted particularly well 

in the subgroup with HbA1c above or equal to 7.5%. Similarly, in the DCS cohort, even if the 

overestimation was high for all the groups, the prediction was better for those under 65 years, with 

HBA1c above or equal to 7.5% and with BMI below 25.  

In a sensitivity analysis carrying risk factors forward from last observed value (from baseline in CMS) 

during follow-up, the effect was negligible for the outcomes in the DCS. However, in the CMS, the 

overestimation of mortality and MI rates was reduced when risk factors were held constant (carried 

forward) from baseline (see Supplementary Figure 4).  

Figure 2 shows the calibration plots of the observed all-cause mortality by decile of predictions at 10 

years of follow-up. In CMS, model predictions were within the observed 95% CI for all but three 

subgroups but the predicted point estimate overestimated mortality in all subgroups. In DCS, model 

predictions were outside the observed 95% CI for all but one subgroup. As with CMS, the predicted 

point estimates overestimated observed mortality for all ten subgroups. However, when we used only 

individuals enrolled in 2008 (i.e. followed for the full 10 years), the model performance improved 

with overestimations being smaller for many subgroups. 
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Additional measures of calibration over time are reported in the Supplementary Table 10. In line with 

the “calibration in the large” results, calibration was worst for MI in CMS followed by all-cause 

mortality. In DCS, calibration was worst for all-cause mortality and MI, with small errors for CHF. 

Supplementary Table 11 reports the C-statistics concerning the UKPDS-OM2’s discriminatory 

capability in the CMS and DCS cohorts. For the CMS cohort, C-statistics values were above 70% for 

all-cause mortality across the three time points considered. For the remaining outcomes, the C-

statistic values were around 60-65% at 5 and 10 years, and lower at 15 years for MI and IHD (59%). 

In DCS, the C-statistics indicated a reasonably good model performance (above 70%) for mortality, 

heart failure, AMI and stroke (at 10 years). The model predictions for IHD performed the worst in 

terms of discrimination in DCS (66% at 5 years and 10 years).  

 

Discussion  

In an external validation of the UKPDS-OM2 with individual patient level data from two European 

cohorts, the Italian CMS cohort (South Europe) and the Dutch DCS cohort (Western Europe), the 

UKPDS-OM2 over-predicted the risk of all-cause mortality and MI in both cohorts but performed 

well for stroke and IHD outcomes. The predicted incidence of heart failure was accurate in the Dutch 

cohort but was considerably underestimated in the Italian cohort. Furthermore, model performance 

deteriorated the longer the period of analysis. In terms of model discrimination, the UKPDS-OM2 

performed better in the DCS cohort (all but one outcome with C-statistic equal or above 70%) 

compared to the CMS cohort (only mortality above 70%). The model was best at discriminating all-

cause mortality in both cohorts and heart failure, MI and stroke in the DCS cohort. However, from a 

policy making perspective, given the applications of health economic decision models, the main 

interest is on performance in terms of cumulative risk prediction rather than discrimination. 
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The performance of the UKPDS-OM2 in both cohorts may be partly explained by the effects of 

differences in the time-periods of observation. The DCS cohort consisted of individuals with T2D 

followed between 2008 and 2018 whereas the CMS cohort consisted of individuals followed between 

2000 and 2015. In contrast, the UKPDS-OM2 was built using data from a cohort of newly diagnosed 

individuals followed between 1977 and 2007. This meant that diabetes care changed significantly 

during the period covered by the three studies. During this time, we had the arrival of new antidiabetic 

agents, increased levels of statin use and improvements in the prevention and care of diabetes-related 

complications such as stroke and MI. This has been accompanied by a reduction in the absolute and 

relative mortality over time in people with T2D (17,18).  

Another difference between the three cohorts UKPDS, CMS and DCS, could be related to the study 

effects. The UKPDS population was randomized into intensive glucose/blood pressure control 

compared to conventional care between 1977 and 1997. When the UKPDS trial finished in 1997, all 

surviving UKPDS patients entered into a ten-year post-trial monitoring study. In contrast, both CMS 

and DCS populations received routine care, supplemented by a central diabetes center.  

The subgroup analyses on model performance for mortality indicated specifically room for 

improvement in elderly patients. This is reasonable, since the UKPDS study cohort started with a 

population aged 58.5 years. In CMS and DCS, the percentage of patients above 65 years of age was 

substantial (>50%), and 23% and 19% of patients, respectively, were aged above 75. New studies of 

the risk in elderly patients would be quite relevant and could potentially inform targeted treatment for 

elderly individuals with T2D.  

Another focus for efforts to improve the UKPDS-OM2 should be the risk of myocardial infarction 

which showed poor fit in both cohorts. This confirms findings in previous studies in the US and 

Germany (7–9). Changes in cardiovascular risk management as well as in medical treatment after a 

cardiovascular event may explain this, and underline the need for calibrating the UKPDS-OM2 or 

estimating new risk equations. 
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The main strength of our analysis is the use of individual patient level data from two observational 

cohorts of people with T2D. Both cohorts were sampled in routine care, including almost all 

individuals with T2D in the region of interest, and had large sample sizes of nearly 2000 and 5000 

individuals respectively, and long follow-up. With more than 150 and 135 events respectively for MI 

at 10 years – the rarest cardiovascular event - sample sizes were large enough to allow for assessment 

of performance for all the outcomes.  

Our results add to previous findings suggesting that the UKPDS-OM2 overpredicts mortality and 

certain cardiovascular outcomes such as MI (11-13). 

To perform the present validation a very significant effort was undertaken to harmonize data to inform 

the UKPDS-OM2 and to extract the incidence of events in both cohorts. Particular commitment was 

necessary to identify the core set of risk factors to be used as inclusion criteria, in order to maximize 

the number of patients to be included in both cohorts. Key variables in several cases needed to be 

recoded to harmonize cohorts data with UKPDS-OM2 requirements.  

The potential misalignment of model outcomes with the outcomes recorded in the two cohorts is 

worth noting. We sought to align UKPDS-OM2 outcomes to diagnostic codes (ICD-9 and ICD-10) 

in the administrative records of both cohorts but could not be certain of their exact match. For 

example, in the CMS cohort, fatal events were obtained from two different data sources: 1) causes of 

death validated by clinicians up to 2006 and 2) the Death Registry from 2007. This resulted in two 

different approaches in coding the main cause of death and possible misclassification between the 

cardiovascular diseases. This could explain the observed higher rates of heart failure up to 2006 

compared to after 2006. In the DCS cohort, while most cardiovascular events could be verified in 

medical records after linkage, this was not possible for about 5% of events, since they occurred 

outside of the linkage setting (after 2018, or in an external hospital). Comparing self-reported to 

validated events (for a subgroup of 453 participants) showed that the sensitivity of self-report was 

86%, while specificity was 90%[5]. Nonetheless, this way of using self-reported information during 
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the annual exam might have led to an underestimation of cardiovascular events in the DCS cohort, in 

particular due to underreporting of fatal events. 

Our work has some limitations. First, some risk factor data needed to inform the UKPDS-OM2 were 

not available. Of these, some risk factors were completely missing in the cohorts (e.g. atrial 

fibrillation, PVD, heart rate) and were imputed based on their association with available risk factors 

derived using UKPDS data. Partially missing data at baseline were handled with multiple imputation 

following the missing at random assumption.  

Second, risk factor data were completely missing at follow-up in the CMS cohort and censored in the 

DCS cohort. These missing risk factor time paths were imputed using risk factor time-path equations 

developed by the UKPDS modelling team, and based on the UKPDS cohort However, in sensitivity 

analysis, when we carried forward the last observed values the findings were similar to those using 

the imputed risk factor time-paths.  

Third, our study populations were those with complete observations at baseline on core risk factors. 

Thus we were not able to assess model performance for patients with missing data at baseline. This 

could have affected the generalizability of our cohorts, however, we expect this effect to be relatively 

limited. Differences between included and excluded subjects in available variables were low for CMS 

(data not shown), while for DCS only the percentage of smokers and the level of eGFR was higher 

in the exclusion group (data not shown).  

Finally, contrary to validation studies performed for single risk prediction equations, in the present 

study no re-calibration of the UKPDS-OM2 as a starting point for validation was performed. Since 

the model is informed by 15 risk prediction equations in combination and the re-calibration of each 

individual risk equation will affect other risk equations due to the outcomes being inter-related, 

standard re-calibration was infeasible. Rather than calibration, transferability of the decision model 

is at stake and we assessed this by considering calibration, calibration in the large and discrimination. 
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Our results indicate that this transferability is not satisfactory for all outcomes and new or adjusted 

risk equations may be needed before applying the model to the Italian or Dutch setting. This requires 

careful and stepwise adjustments and is a topic for further research.  

To allow the wide utilisation of the UKPDS-OM2 in T2D we need to assess its performance in cohorts 

of patients different from those used for model development. In this study, we showed the UKPDS-

OM2 to overpredict the risk of MI and all-cause mortality. Model calibration of the UKPDS-OM2 

may be justifiable to ensure its relevance to policy makers outside the UK. The current results provide 

support and direction for such calibrations.  

Present results highlight the importance of external validity assessment and need for possible 

adjustments before applying outcome simulation models to context that are different from the ones 

used for their development. 
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Figure 1. Observed (95%CI) and predicted cumulative incidence in CMS and DCS cohorts during respectively 15 and 10 years of follow up from 
the enrollment, by outcome.   
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Figure 2. Calibration plots by decile of predicted risk: observed mortality rates at year 10 with 95% confidence interval against the predicted, in 
CMS, DCS and DCS enrolled in 2008 cohorts.
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Table 1. Baseline risk factors in CMS, DCS and UKPDS cohorts.  

 DCS cohort CMS cohort 
UKPDS* 

(duration 7 
years) 

UKPDS * 
(duration 11 

years) 
N 5188 1931 4637 4145 
%Male  55.6% 48.9% 58.1% 57.4% 
Age (sd) 64.8 (11.1) 67.8 (10.3) 58.5 (8.8) 62.2 (8.8) 
Mean years of duration of 
diabetes (sd) 

6.8 (5.9) 10.9 (8.0) 7.0 (0) 11.0 (0) 

BMI 30.3 (5.5) 28.5 (5.0) 29.2 (5.6) 
[4034] 

29.3 (5.6) 
[3389] 

Current smoker % 18.6% 14.9% 23.1% [4191] 18.7% [3526] 
HDL, mean mmol/l (sd) 1.2 (0.3) 1.4 (0.4) 1.1 (0.3) 

[3674] 
1.1 (0.3) 
[1879] 

LDL, mean mmol/l (sd) 2.6 (0.9) 3.3 (0.9) 3.4 (1.0) 
[3672] 

3.3 (0.9) 
[1879] 

Systolic blood pressure, mean 
mmHg (sd) 

142.1 (20.1) 146.1 (16.4) 137.3 (18.7) 
[3997] 

139.3 (19.2) 
[3387] 

HbA1c, mean % (sd) 6.7% (1.0%) 7.0% (1.7%) 7.9% (1.8%) 
[3852] 

8.3% (1.8%) 
[3245] 

eGFR, mean ml/min/1.73m^2 
(sd) 

79.7 (20.9) 80.9 (23.9) 74.7 (17.5) 
[3423] 

72.2 (17.7) 
[3284] 

History of MI 7.7% 7.9% 4.1% 6.3% 
History of stroke 6.0% 6.7% 1.9% 3.0% 

*numbers in square brackets refer to participants with available data for a particular risk factor 
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Table 2. Comparison of observed (95%CI) and UKPDS-OM2 predicted cumulative incidence at 5, 10 and 15 years, and relative bias, by outcome 
and cohort. 

  
5 years 10 years 15 years 

Observed (95%IC) Predicted Bias Observed (95%IC) Predicted Bias Observed (95%IC) Predicted Bias 

CMS                               
Overall mortality 0.19 0.17 0.21 0.23 0.04 0.40 0.37 0.42 0.45 0.05 0.58 0.60 0.56 0.64 0.06 
Myocardial Infarction 0.03 0.03 0.04 0.08 0.05 0.07 0.06 0.08 0.14 0.07 0.03 0.03 0.04 0.08 0.05 
Stroke 0.05 0.04 0.07 0.05 -0.01 0.10 0.09 0.12 0.09 -0.02 0.15 0.13 0.16 0.12 -0.03 
CHF 0.07 0.06 0.08 0.04 -0.03 0.12 0.11 0.14 0.07 -0.05 0.17 0.15 0.18 0.10 -0.07 
IHD 0.05 0.05 0.07 0.04 -0.01 0.10 0.09 0.12 0.08 -0.02 0.13 0.11 0.14 0.11 -0.01 
DCS                               
Overall mortality 0.09 0.10 0.09 0.18 0.09 0.22 0.23 0.21 0.36 0.14 - - - - - 
Myocardial Infarction 0.02 0.02 0.03 0.07 0.05 0.04 0.03 0.04 0.13 0.09 - - - - - 
Stroke 0.03 0.03 0.04 0.04 0.01 0.06 0.05 0.07 0.08 0.02 - - - - - 
CHF 0.03 0.03 0.04 0.03 -0.001 0.05 0.04 0.06 0.06 0.01 - - - - - 
IHD 0.03 0.03 0.04 0.04 0.001 0.05 0.04 0.05 0.07 0.03 - - - - - 

 

 

 

 

 


