Epidemiology/Health Services Research

ORIGINAL ARTICLE

One Risk Assessment Tool for
Cardiovascular Disease, Type 2
Diabetes, and Chronic Kidney Disease

Hans L. HILLEGE, MD, pHD’
ALBERT HOFMAN, MD, PHD
JacQueLINE C.M. WITTEMAN, PHD
RoN T. GANSEVOORT, MD, PHD
JACQUELINE M. DEKKER, prp"

12
MARJAN ALSSEMA, PHD ’ 5
RacHEL S. NEWSON, PHD .
STEPHAN J.L. BAKKER, MD, PHD

5,6
CoOEN D.A. STEHOUWER, MDl, PHD
MARTON W. HEYMANS, PHD °
GIEL NIPELS, MD, PHD""

3

OBJECTIVE —Individuals at high risk for chronic cardiometabolic disease (cardiovascular
disease [CVD], type 2 diabetes, and chronic kidney disease [CKD]) share many risk factors and
would benefit from early intervention. We developed a nonlaboratory-based risk-assessment
tool for identification of people at high cardiometabolic disease risk.

RESEARCH DESIGN AND METHODS —Data of three population-based cohorts from
different regions of the Netherlands were merged. Participants were 2,840 men and 3,940
women, white, aged 28-85 years, free from CVD, type 2 diabetes, and CKD diagnosis at baseline.
The outcome was developing cardiometabolic disease during 7 years follow-up.

RESULTS —Age, BMI, waist circumference, antihypertensive treatment, smoking, family his-
tory of myocardial infarction or stroke, and family history of diabetes were significant predictors,
whereas former smoking, history of gestational diabetes, and use of lipid-lowering medication
were not. The models showed acceptable calibration (Hosmer and Lemeshow statistics, P >
0.05) and discrimination (area under the receiver operating characteristic [ROC] curve 0.82
[95% CI 0.81-0.83] for women and 0.80 [0.78-0.82] for men). Discrimination of individual
outcomes was lowest for diabetes (area under the ROC curve 0.70 for men and 0.73 for women)
and highest for CVD mortality (0.83 for men and 0.85 for women).

CONCLUSIONS —We demonstrate that a single risk stratification tool can identify people at
high risk for future CVD, type 2 diabetes, and/or CKD. The present risk-assessment tool can be
used for referring the highest risk individuals to health care for further (multivariable) risk
assessment and may as such serve as an important part of prevention programs targeting chronic
cardiometabolic disease.
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hronic cardiometabolic diseases, in-
cluding cardiovascular disease (CVD),
type 2 diabetes, and chronic kidney
disease (CKD), are leading causes of comor-
bidity and premature death (1). Moreover,

these diseases have a heavy impact on the
quality of life (1) and generate high health
care costs. Another shared aspect of these
chronic cardiometabolic diseases is that
early treatment of people at high risk
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reduces disease burden and is cost-effective
(2—4). In addition, the three chronic cardi-
ometabolic diseases—CVD, type 2 diabe-
tes, and CKD—do share many risk factors.
Therefore, common opportunities for pre-
vention have been acknowledged (5). A
joint prevention program may be more ef-
fective because it stresses the importance of
multiple risk factor assessment and control
in those at high risk. Furthermore, a joint
program will reduce time and financial
burden.

Arisk score is a helpful tool to identify
individuals at high risk. A growing num-
ber of single outcome risk scores for
identification of people at risk for either
future CVD (6,7), type 2 diabetes (8,9), or
CKD (10) have been developed. Next to
these evidence-based identification meth-
ods, an increasing amount of self-assessment
health checks are available, especially on
the Internet (11). We considered that the
use of several risk-assessment tools for sep-
arate related diseases can be inefficient and
confusing. A single risk score that predicts
risk for a combination of chronic metabolic
diseases is still lacking.

Furthermore, simple risk scores com-
prising information that do not require
blood testing are especially useful for pri-
mary prevention and public health initia-
tives. Untrained people can therefore assess
their risk, and only those at high risk can
then be referred to health care for more
extensive risk factor measurement. For the
single outcome of CVD, a nonlaboratory-
based risk score has been published (7),
and for type 2 diabetes, such a risk ques-
tionnaire also exists (8). However, to date,
no risk score that predicts the combined
end points of these diseases has been de-
veloped. In light of this, we sought to
develop a simple risk stratification tool for
identification of people at high risk of CVD
morbidity and/or mortality, type 2 diabe-
tes, and/or CKD.

RESEARCH DESIGN AND
METHODS

Study population
The study population consisted of merged
data of three population-based cohort
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studies from different regions of the Neth-
erlands.

The Rotterdam Study commenced in
1990 by invitation of randomly selected
inhabitants of 55 years old or older of
whom 7,983 agreed to participate (78%)
(12). The 1997-1999 follow-up examina-
tion included all relevant information for
the present aim and was therefore used for
the present analysis.

The Hoorn study started in 1989 by
invitation of randomly selected individu-
als aged 50-75 years, and 72% agreed to
participate. In 2000, a glucose-stratified
subsample (n = 1,074) of the original study
population was reinvited for a follow-up
examination (13).

The Prevention of Renal and Vascular
End-stage Disease (PREVEND) study
commenced in 1997 by invitation of all
inhabitants of the city of Groningen aged
28-75 years of whom 48% responded. The
original PREVEND cohort (n = 8,592) con-
sisted of all respondents with albuminuria
(morning urinary albumin concentration
>10 mg/L) and a random sample of re-
spondents without albuminuria. For the
present analysis, we used a subgroup of
3,432 participants, including all PREVEND
participants without albuminuria and a
random sample of those with albuminuria,
as such being representative for the general
population (14). In 2005, all surviving
participants were reinvited for follow-up
examination. All participants provided
written informed consent prior to study
commencement, and the study protocols
were approved by local medical ethics
committees.

Exclusion criteria

Initially, the merged dataset consisted of
12,489 individuals. For the present analyses,
people were eligible if they were white,
aged 28-85 years, and had no prevalent
diagnosed CVD (myocardial infarction,
percutaneous transluminal coronary angio-
plasty, coronary artery bypass graft, angina
pectoris, stroke, claudication intermittent,
peripheral intervention, or heart failure),
type 2 diabetes (self-reported type 2 di-
abetes and/or use of antidiabetic medi-
cation), or CKD (self-report or estimated
glomerular filtration rate <15 mL/min/
1.73 m?). After exclusion, 9,462 eligible
individuals remained, of whom 7,418
had follow-up information on the three
diseases of interest. Of these, 638 individ-
uals died of causes other than cardiovas-
cular and were therefore excluded,
resulting in 6,780 individuals in the pres-
ent analyses.

Definition of outcome variable

The outcome was the diagnosis of one of
the following diseases during the follow-up
period: fatal or nonfatal CVD (myocardial
infarction, percutaneous transluminal cor-
onary angioplasty, coronary artery bypass
graft, angina pectoris, stroke, claudica-
tion intermittent, peripheral intervention,
or heart failure), sudden death, type 2 di-
abetes, and/or CKD.

Among all cohorts, vital status was
obtained from the municipal health ser-
vice. In case of mortality, causes of death
were obtained from medical records of
local hospitals and general practitioners
(Rotterdam, Hoorn) or the Dutch Central
Bureau of Statistics (PREVEND). On a
yearly basis, participants’ medical records
were queried for cardiovascular morbidity
information (15-17). Information on an-
gina pectoris and intermittent claudication
was derived from the Rose questionnaire
(18). Data on heart failure were not avail-
able from the PREVEND study; however,
heart failure incidence is low in this age
range (<75 years) and often secondary to
coronary heart disease. Cardiovascular
death was defined as death due to diseases
of the cardiovascular system (ICD-10: 100
199) and sudden death (ICD-10: R96).

Type 2 diabetes and CKD diagnosis
was based on measurements performed at
the follow-up examination. Type 2 di-
abetes was defined using an oral glucose
tolerance test or by use of antidiabetic
medication (19). In PREVEND, postload
plasma glucose measurements were not
available, so definition of type 2 diabetes
was based on fasting glucose levels only.

CKD was defined by estimated glomer-
ular filtration rate <60 ml/min/1.73 m*
(20), which corresponds to stage 3 or higher
(21). Creatinine values were calibrated us-
ing regression to age- and sex-adjusted
mean values from a nationally represen-
tative U.S. survey as described previously
(22).

Model development

Easily obtainable risk factors were identified
from available risk scores that detect or
predict CVD, type 2 diabetes, or CKD. As
such, we excluded variables that required
physical testing (blood pressure) or labora-
tory measurement. The following candidate
predictors are used: age, smoking (former
or current), use of antihypertensives, use of
lipid-lowering medication, BMI, waist cir-
cumference, parent or sibling with myocar-
dial infarction or stroke (before the age of
65 years), parent or sibling with diabetes,
and history of gestational diabetes.

Selected variables were entered into
sex-specific multivariable logistic regression
models. Nonsignificant predictors (P >
0.05) were removed. To evaluate potential
additional value of socioeconomic status
(level of education) and coffee and alcohol
consumption, we assessed whether adding
these variables improved discrimination.

To handle missing data, single imputa-
tion was applied by using the expectation-
maximization algorithm. Missing values
were estimated by using multivariable re-
gression models that were conditional on
relevant predictors. Single imputation has
been described as a superior method to
complete case analysis and equal to mul-
tiple imputation if the percentage of miss-
ing variables is low, which is the case in
this study (0-6.9% as a maximum) (23).

Model performance

Model performance was evaluated in terms
of discrimination (area under the receiver
operating characteristic [ROC] curve)
for the composite and separate disease out-
comes. Hosmer-Lemeshow goodness-of-fit
test was performed to assess calibration of
the risk model.

As the apparent performance of a
model is usually better in the derivation
dataset than in another dataset, we esti-
mated the amount of overfitting in the
regression coefficients and the area under
the ROC curves by bootstrapping techni-
ques (24). These bootstrap-adjusted
measures represent the values that can
be expected when the model is applied
to future similar populations. The regres-
sion coefficients were adjusted for over-
fitting by multiplying the coefficients by
the slope index (25). Bootstrap-adjusted
regression coefficients were then multi-
plied and rounded; as such, the maxi-
mum scores for both men and women
were 100. For each individual, the total
risk score can be calculated by totaling the
scores of each item. Bootstrapping was
performed in R 2.9.0 for Windows.

The performance of the currently
developed risk score with respect to the
separate outcomes CVD and type 2 di-
abetes was compared with the perfor-
mance of the Gaziano et al. (7) risk score
including age, systolic blood pressure,
current smoking, BMI, use of antihyper-
tensive medication, and reported diabetes
and the Finnish diabetes risk score in-
cluding age, BMI, waist circumference,
use of antihypertensives, history of gesta-
tional diabetes, and family history of di-
abetes (8) by applying these scores in the
present dataset.
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RESULTS —Baseline characteristics and
incidence data for study participants are
presented in Table 1. The percentage of
the population that developed chronic
cardiometabolic disease was 36.4% for
males and 34.3% for females. Of those
who developed the composite outcome,
82% developed one of the diseases, 38%
developed fatal or nonfatal CVD, 22% de-
veloped type 2 diabetes, and 22% devel-
oped CKD. The other 18% had two or
more incident disease outcomes. Of all
type 2 diabetes patients, 37.5% had de
novo—detected type 2 diabetes at baseline.
Of all patients with CKD, 54% had de novo
CKD at baseline (Table 1). Mean follow-up
was 6.9 (SD 1.1) years.

Individuals who participated in the
baseline examination but who were lost
to follow-up were significantly older and
more often smokers than individuals

included in the current study. Individuals
lost to follow-up did not differ from
individuals in the study with respect to
BMI, waist circumference, or use of anti-
hypertensive medication.

Model development

All candidate predictor variables were sig-
nificantly associated with the outcome, with
the exception of former smoking, history of
gestational diabetes, and use of lipid-lowering
medication. Consequently, these varia-
bles were not included in the model. The
sex-specific multivariable logistic regres-
sion models are shown in Table 2.

The Hosmer-Lemeshow test showed
good calibration for the male and female
model (x> = 7.6, P =0.48; x> = 6.3, P =
0.62, respectively). Figure 1A shows that
discrimination for the composite outcome
was slightly better for women (area under

Table 1—Baseline characteristics and incidence data for each cohort

Rotterdam Hoorn PREVEND
n 4,018 627 2,135
Baseline information
Age range (years) 55.0-85.0 49.6-77.1 28.0-75.0
Age (years) 67.0 (7.6) 60.8 (7.0) 482 (11.4)
Sex (% male) 39.0 50.6 44.8
Smoking (% current/previous) 22.2/41.1 29.5/34.8 27.0/39.2
Use of antihypertensive
treatment (%) 25.1 13.7 8.2
Use of lipid-lowering treatment (%) 1.7 0.8 2.2
BMI (kg/m?) 262 (3.5) 26.3 (3.4) 25.6 (3.9)
Waist circumference (cm) 89.7 (10.4) 90.9 (10.8) 86.5(11.9)
Parent and/or sibling with
MI or stroke (<65 years) (%) 22.6 21.9 32.2
Parent and/or sibling with
diabetes (%) 222 19.9 17.5
History of gestational diabetes (%) 0.0* 1.1 0.8

Outcome information
CVD
Incident CVD+
Incident major CVDi%
CVD mortality
T2DM
De novo detected T2DM at
baseline
Incident T2DM
CKD
De novo detected CKD at
baseline
Incident CKD
Incident CKD and

albuminuria —
1762/4,018 (43.9%) 322/627 (51.4%) 328/2,135 (15.4%)

Composite end point

244/3,995 (6.1%)
330/3,995 (8.3%)

350/3,379 (10.4%) 17/523 (3.3%)
236/3,379 (7.0%)

839/4,005 (20.9%) 117/627 (18.7%) 119/2,135 (5.6%)
667/4,005 (16.7%) 102/627 (16.3%) 76/2,135 (3.6%)
248/4,018 (6.2%)

87/610 (14.3%) 19/2,134 (0.9%)

34/523 (6.5%) 30/2,122 (1.4%)
82/523 (15.7%) 101/2,122 (4.8%)

65/2,117 (3.1%)
72/523 (13.8%) 58/2,117 (2.7%)

— 34/2,000 (1.7%)

Data are mean (SD) or n (%), unless indicated otherwise. M1, myocardial infarction; T2DM, type 2 diabetes
mellitus. *Imputed value. $CVD includes myocardial infarction, percutaneous transluminal coronary an-
gioplasty, coronary artery bypass graft, angina pectoris, stroke, intermittent claudication, peripheral arterial
intervention, and heart failure. #Major CVD defined as CVD without angina pectoris and intermittent

claudication.
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the ROC curve 0.82 [95% CI 0.81-0.83])
as compared with men (0.80 [0.78-0.82]).
Discrimination of the separate outcome
measures ranged from 0.83 for CVD mor-
tality to 0.70 for type 2 diabetes among
men (Fig. 1B) and from 0.85 to 0.73 among
women (Fig. 10).

Level of education and alcohol intake
were significant predictors of outcome for
both men and women, but adding these
variables to the model did not improve dis-
crimination or calibration of the model.
Coffee consumption was not a significant
risk factor for outcome.

Model performance

Comparison of bootstrap-adjusted and
original area under the ROC curve showed
only a marginal difference, indicating a
good internal validity. The area under the
ROC curve decreased from 0.801 [0.784-
0.817] to 0.795 [0.778-0.812] in males
and from 0.820 [0.807-0.833] to 0.817
[0.804-0.830] in females.

Model application

Cutoff values 35 and 40, as examples, are
marked in the ROC curve (Fig. 1A). Table 3
presents absolute risks for the composite
and separate outcomes per score category.
A cutoff =35 corresponds to a 7-year risk
on the composite outcome of 50% for men
and 47% for women, as opposed to an 11
and 9% risk (men and women, respec-
tively) for a score below this cutoff. Sensi-
tivity and specificity for this =35 cutoff are
85 and 55% for men and 90 and 49% for
women. A higher cutoff of =40 corre-
sponds to a 7-year risk on the composite
outcome of 54% for men and 52% for
women, as opposed to a 15 and 11% risk
(men and women, respectively) for a score
below this cutoff. Sensitivity and specificity
for the =40 cutoff are 75 and 66% for men
and 83 and 62% for women.

The number of participants per score
category partitioned by age categories is
presented in Supplementary Table 1.
This table shows that the =35 cutoff,
for example, would imply that no males
and only 0.2% of the females below the
age of 45 years will be identified as high
risk for development of cardiometabolic
disease within 7 years. In contrast, indi-
viduals who are aged =65 years will all be
identified as high risk. In the 5-year age
intervals between 45 and 65 years, the
percentage of males with a score of =35
is4.5,7.2,33.6,and 87.8%, and the per-
centage of females per 5-year higher age
starting with age 45-49.9 years is 4.2,
15.2,44.8, and 80.3%.

care.diabetesjournals.org

DiaBETES CARE, VOLUME 35, ApriL 2012 743


http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-1417/-/DC1

|
Risk tool for chronic cardiometabolic disease

Table 2—Sex-specific multivariable logistic regression models for the prediction

of chronic metabolic disease*

Regression Points per
coefficient OR (95% CI) itemt
Males

Age (years)

<45 Reference Reference 0

45-49.9 0.91 2.5(1.2-5.0) 13

50-54.9 1.20 33(1.7-6.4) 17

55-59.9 1.57 48 (2.7-8.7) 22

60-64.9 2.34 10.4 (5.8-18.6) 33

65-69.9 2.66 14.3 (7.9-25.7) 37

70-74.9 3.26 25.9 (14.2-47.5) 46

75-84.9 4.29 72.8 (37.6-140.9) 61
BMI (kg/m?)

<25 Reference Reference 0

25-29.9 0.32 1.4 (1.1-1.7) 4

=30 0.87 2.4 (1.6-3.6) 12
Waist (cm)

<94 Reference Reference 0

94-101.9 0.20 1.2 (1.0-1.5) 3

=102 0.19 1.2 (0.9-1.6) 3
Use of antihypertensives 0.74 2.1(1.6-2.7) 10
Current smoking 0.63 1.9 (1.5-2.3) 9
Parent and/or sibling with MI or

stroke (age <65 years) 0.09 1.1(0.9-1.4) 1
Parent and/or sibling

with diabetes 0.30 1.3 (1.1-1.7) 4

Females

Age (years)

<45 Reference Reference 0

45-49.9 0.69 2.0(1.0-4.1) 10

50-54.9 1.08 2.9 (1.6-5.5) 16

55-59.9 1.54 4.7 (2.6-8.2) 23

60-64.9 1.98 7.2(4.1-12.7) 29

65-69.9 2.55 12.8 (7.3-22.5) 37

70-74.9 3.34 28.1 (15.8-50.1) 49

75-84.9 4.06 58.2 (31.9-106.1) 60
BMI (kg/m?)

<25 Reference Reference 0

25-29.9 0.27 1.3(1.1-1.6) 4

=30 0.52 1.7 (1.3-2.2) 7
Waist (cm)

<80 Reference Reference 0

80-87.9 0.12 1.1(09-14) 2

=88 0.40 1.5(1.2-1.9) 6
Use of antihypertensives 0.75 2.1(1.8-2.6) 11
Current smoking 0.61 1.8 (1.5-2.2) 9
Parent and/or sibling with MI

or stroke (<65 years) 0.26 1.3(1.1-1.5) 4
Parent and/or sibling with diabetes 0.21 1.2 (1.0-1.5) 3

Data are regression coefficient, OR (95% CI), or points calculated as described below. MI, myocardial in-
farction; OR, odds ratio. *The models were adjusted for study cohort. tPoints per item were calculated by re-
gression coefficient X slope index (0.97 for males and 0.98 for females; see description of model performance)

multiplied by a constant value such that the maximum score for both men and women totals 100.

Comparison with existing risk
scores

The performance of the nonlaboratory-
based risk score of Gaziano et al. (7) was

highly similar to the present risk score. For
CVD mortality, however, the Gaziano et al.
(7) model performed significantly worse in
males (area under the ROC curve 0.78 as

compared with 0.83 for the present model;
P < 0.001). For females, the models
performed similar in predicting CVD
mortality. For the prediction of type 2
diabetes, the Finnish diabetes risk score
(8) performed slightly, but not signifi-
cantly, worse than the present model
(area under the ROC curve 0.69 as com-
pared with 0.70 for the present model
among males and 0.72 compared with
0.73 among females).

Sensitivity analysis

Restricting CVD outcome to major CVD
events alone, we found similar discrimina-
tion for CVD in men, but higher discrim-
ination in women (area under the ROC
curve increased from 0.77 to 0.82).

Restricting CKD definition to having
CKD and microalbuminuria (urinary
albumin excretion >30 mg/24 h) or hav-
ing macroalbuminuria (urinary albumin
excretion >300 mg/24 h), discrimination
was almost the same (information from
PREVEND population only).

Excluding people with de novo detected
type 2 diabetes and/or CKD at baseline
decreased model discrimination for the
composite outcome to area under the ROC
curve 0.79 [0.77-0.81] in both males and
females. Exclusion of these patients also re-
sulted in slightly lower model discrimina-
tion for the outcome type 2 diabetes (0.69
compared with 0.70) for males, but better
discrimination among females (0.76 com-
pared with 0.73). Model discrimination es-
pecially decreased for CKD prediction from
0.82 t0 0.79 among males and from 0.81 to
0.76 among females. Exclusion of these de
novo patients at baseline had no effect on
model discrimination of total CVD and
even improved model discrimination for
the prediction CVD mortality among females
(from 0.85 to 0.88).

Excluding individuals using antihy-
pertensive or lipid-lowering medication
from the analysis, the model discrimina-
tion for the composite outcome margin-
ally decreased (to 0.79 among males and
0.80 among females).

CONCLUSIONS —In the current
study, we developed and validated a
nonlaboratory-based risk prediction tool
for primary prevention purposes that can
identify people who are currently free from
disease but at high risk of future CVD, type
2 diabetes, and/or CKD. The present score
is the first predicting multiple chronic
cardiometabolic disease outcomes and,
as such, is a novelty in health care. The
performance of the risk questionnaire was
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Figure 1—A: ROC curves for the composite outcome in males (area under the ROC curve 0.80 [95% CI0.78-0.82]) and females (0.82 [0.81-0.83])
with reference lines for cut point 40 in males (open circles) and females (black circles) and 35 in males (open squares) and females (black squares).
ROC curve for the separate outcomes in males (area under the ROC curve 0.83 [0.80-0.86], 0.82 [0.80—0.84], 0.75 [0.72-0.77], and 0.70 [0.67—
0.73] for CVD mortality, CKD, total CVD, and type 2 diabetes, respectively) (B) and 0.85 [0.83 to 0.88], 0.81 [0.79-0.83], 0.77 [0.75-0.79] and
0.73 [0.71-0.75] for CVD mortality, CKD, total CVD, and type 2 diabetes, respectively, among females (C).

similar to existing nonlaboratory-based risk
scores that predict the separate diseases.

The composite outcome

Prior to this study, no score was available
that predicted the combined outcome of
CVD, type 2 diabetes, and/or CKD. Some
studies assessed whether existing scores for
type 2 diabetes predicted CKD prevalence
or whether the metabolic syndrome predicts

type 2 diabetes or CVD but showed weak
performance (26).

The definition that we used for the
outcome was heterogeneous. However, we
found that the separate outcome measures
were well predicted also when comparing
to existing risk scores. Furthermore, our
model predicted a more restricted defini-
tion of CVD and CKD as well as the broader
definition.

Current risk scores

CVD risk scores that are presently avail-
able require measurement of systolic blood
pressure, including the nonlaboratory-
based score of Gaziano et al. (7). Although
systolic blood pressure measurement
is easy and noninvasive, this informa-
tion is considerably less suitable for
self-report. The present model without
systolic blood pressure performed at
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Table 3—Absolute 7-year risk for the composite outcome and each of the separate

disease outcomes per score category*

Absolute risk (%)

Composite  Total cardiovascular ~ Fatal cardiovascular ~ Type 2

Score categoryf outcome disease event diabetes CKD

Males score
<25 6.9 3.0 0.3 3.5 0.5
25-29 11.5 4.0 0.5 6.0 2.0
30-34 21.8 9.6 3.7 8.6 2.8
35-39 32.6 15.6 1.9 10.1 9.9
40-44 34.6 19.2 0.8 11.7 10.8
45-49 44.0 23.0 3.1 15.3 143
50-54 51.2 25.1 5.6 20.6 19.1
55-59 54.5 27.7 7.1 143 23.6
=60 76.2 415 20.4 223 44.6

Females score
<25 3.7 2.1 0 0.4 13
25-29 13.6 6.1 0.7 32 4.7
30-34 17.9 6.3 0 7.5 4.1
35-39 19.3 7.1 1.1 6.0 6.8
40-44 26.3 9.5 0 9.8 8.8
45-49 353 13.5 33 13.1 12.6
50-54 37.6 13.1 3.5 17.4 11.8
55-59 49.2 18.9 3.8 16.5 249
=60 72.3 35.2 13.3 20.5 42.8

*Data from the Rotterdam Study and PREVEND were used for this table. Hoorn Study data were excluded
because the selection on abnormal glucose tolerance may have impact on positive predictive value.

FCategories are up to and including the latter score.

least as good as the model of Gaziano
etal. (7).

Noninvasive risk scores for incident
type 2 diabetes are available (8,9), of
which the Finnish score is most widely
applied and validated. The performance
of this score in a previous validation study
appeared to be somewhat better than in
the current study (27). This is potentially
due to the exclusion of people with prev-
alent medical history of CVD, type 2 di-
abetes, or CKD in the current study.

For CKD, existing scores will largely
detect people already diagnosed with
CVD or type 2 diabetes, because prior
CVD and type 2 diabetes are important
predictors in these scores (10). The cur-
rent risk tool is the first that predicts CKD
among individuals free of CVD and type 2
diabetes history and is therefore not suit-
able for people already known with these
diseases.

Methodological issues

Age appeared to be the strongest pre-
dictor of chronic cardiometabolic disease.
However, a single predictor model with
age alone performed less well than the
present developed model (data not shown).
Furthermore, prevention is to be targeted

also at younger age-groups with existing,
treatable risk factors, so sole reliance on age
as risk predictor is undesirable.

Development of this risk score was
done in all data available from three cohort
studies. The reason for this approach was
that we sought the best estimate of future
cardiometabolic risk. A drawback of this
approach was that we had no data left for
external validation of the score.

The present risk score is the first to
predict three chronic cardiometabolic
diseases in one combined outcome. This
gave rise to some specific methodological
issues. First, we had continuous registra-
tion of CVD morbidity and mortality but
intermittent registration for type 2 diabetes
and CKD incidence. This may have resul-
ted in an overrepresentation of fatal events,
because people who died of CVD during
follow-up were included in analyses, but
people who survived and did not attend the
follow-up examination could not be in-
cluded. Second, in the present analyses, we
excluded patients with known type 2 di-
abetes and CKD at baseline, but those
identified by screening were considered as
cases. We reasoned that by using the
present risk-assessment tool in integrative
prevention programs, individuals with

prevalent but undiagnosed type 2 diabetes
or CKD should not be missed. Our sensi-
tivity analysis showed that true incident
cases were only marginally worse pre-
dicted than de novo detected cases at
baseline.

Study limitations

Some limitations with respect to the current
study should be considered. First, external
validation and calibration in other popula-
tions will importantly strengthen the use-
fulness and reliability of the present risk
score. The white population was studied,
and estimated risks may well be different
for other populations.

Second, study individuals aged <50
years were all PREVEND study partici-
pants, whereas individuals of 77 years of
age and older were Rotterdam study partic-
ipants. This implies that we had fewer cases
in these age-groups, which forced us to cre-
ate larger age-groups in the highest and
lowest age ranges. Furthermore, although
we did not find effect modification by study
population, reliance on one study cohort
might have led to less representative risk
estimates in these age-groups.

Third, the present risk score predicts
risk within a relatively short time frame
(7 years). So lifetime risk is not accounted
for (28). This may imply that repeated
risk assessment over time is required to
optimally identify people at risk for
chronic cardiometabolic disease.

Fourth, selective participation in the
follow-up examination of a relatively
healthier population has occurred, prob-
ably because of a relatively older age of the
study population,. This may have led to
underestimation of reported risks.

Fifth, parts of the data used were taken
from earlier years when use of blood pres-
sure medication and statins was not as
common as it is nowadays. Effect esti-
mates of medication use were, however,
not different among the more recent
PREVEND cohort as compared with the
earlier cohorts.

Sixth, despite the relatively large sam-
ple size, the sample size seemed to limit the
precision of the absolute risk estimates per
score category for the separate disease out-
comes as apparent from the variation in risk
with increasing score (Table 3).

Recommendations for further study

Next to external validation of the score,
which is an important recommendation
for further study, we also emphasize that
the agreement between the high-risk indi-
viduals identified by the present score and
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those identified by existing risk scores
should be elaborated further. An advantage
of the present score will be that the presence
of multiple, slightly increased risk factors
(age, overweight, smoking) together will
identify a high-risk group that will not be
identified by single disease risk scores be-
cause those risk scores rely on risk factors
specific for one, but not another, disease.
Exact numbers to underpin such hypothesis
are clearly warranted.

Implementation

The current risk questionnaire has wide-
spread potential public health applications.
In The Netherlands, the questionnaire is
implemented in a prevention guideline for
general practitioners (29). The risk ques-
tionnaire serves as a risk-stratification tool
to identify people who are most at risk for
chronic cardiometabolic disease. High-risk
individuals are referred to their general
practitioner who will further examine rele-
vant risk factors (laboratory as well as blood
pressure). Treatment or lifestyle interven-
tion can then be initiated upon the appro-
priate treatment goals (i.e., blood pressure,
LDL cholesterol levels, and/or glucose lev-
els) according to the current guidelines.

Cutoff point selection is always a
trade-off between the sensitivity and
specificity. Cutpoint selection should
therefore depend on the setting of imple-
mentation (study population, resources,
costs, health care structure, etc.) and on
test characteristics. The present data dem-
onstrated that a cutoff between 35 and 40
was optimal in terms of test characteristics
in the present population. This implies that
individuals who are aged <45 years are un-
likely to be identified as high risk for
chronic cardiometabolic disease develop-
ment within the time frame of 7 years. Fur-
ther, such a cut point would highly impact
the elderly population, as all individuals
aged =65 years have a score >35 based
on their age alone. So the present score
will be especially distinguish between
high and low cardiometabolic risk among
individuals aged 45-65 years.

With the present instrument, primary
health care can establish a more active ap-
proach in prevention by using this tool in
public health campaigns and on the Inter-
net to encourage individuals to assess risk
and get treated if needed. It provides a frame-
work for a joint strategy of disease preven-
tion that is likely to be more efficient and
cost-effective. It may serve as an evidence-
based, primary health care-embedded
alternative of the many self-assessment
health checks available to date.

For the first time, a single nonlaboratory-
based risk stratification tool was developed
that can identify people at high risk for
future CVD, type 2 diabetes, and/or CKD.
This tool can be embedded in prevention
programs to identify people in need of
multiple risk factor measurement and sub-
sequent treatment. It could simplify pre-
vention of chronic cardiometabolic disease
in primary care.
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