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Validating the Framingham Offspring Study Equations
for Predicting Incident Diabetes Mellitus

Gregory A. Nichols, PhD; and Jonathan B. Brown, PhD, MPP

Background: Investigators from the Framingham
Offspring Study (FOS) recently proposed a new
simple point score for estimating 8-year diabetes
mellitus (DM) risk.

Objectives: To validate prediction models and to
compare DM risk estimated by the point score
with observed DM incidence.

Study Design: Longitudinal observational cohort
study.

Methods: We identified 20,644 members of
Kaiser Permanente Northwest (KPNW) who had
no prior evidence of DM and who had all data
elements necessary to estimate the models
recorded between July 1, 1999, and June 30,
2000. Patients were followed up through June 30,
2007. We reestimated the FOS logistic regression
models in the total KPNW sample (cumulative
DM incidence, 16.5%) and in a randomly selected
subsample with incidence identical to that in the
FOS (5.1%). We also compared DM risk predicted
by the FOS point score with actual 8-year DM
incidence observed in the KPNW samples.

Results: The prediction models performed simi-
larly in the FOS and KPNW samples, with almost
identical odds ratios for independent variables
and areas under the receiver operating character-
istic curves for the models. The FOS point score
substantially underestimated actual DM incidence
in the total sample. In the subsample with DM
incidence identical to that in the FOS sample,
the point score was extremely accurate.
Conclusions: The accuracy of the point score
requires that the underlying incidence of the
individuals to whom it is applied be similar
to the population from which it was derived.
Accurate adaptation requires recalculating DM
incidence at each point level.

(Am J Manag Care. 2008;14(9):574-580)

For author information and disclosures,
see end of text.

Ithough the prevalence and incidence of type 2 diabetes mel-

litus (DM) continue to increase at an alarming rate,' many

at-risk patients do not develop DM.? Accurate prediction of
DM onset may help target interventions to prevent DM and facilitate
the efficient allocation of healthcare resources. A few DM prediction
models have been developed,’® but none are widely used in clinical
practice. Investigators from the Framingham Offspring Study (FOS)®
recently proposed-a new simpler algorithm for estimating 8-year DM
risk. (The angr{thm uses a point score derive\:d\from a small set of
variables eas’ily obtainable at a clinic visit. The authors’ methods fol-
lowed thoge of the original Framingham Heart Study; which created
a point s¢ore for predicting coronary heart disease (CHD).” The now
widespread acceptance and use of the FOS CHD point score coupled
with the simplicity of the FOS DM risk score may lead o rapid adop-
tion of the FOS DM gisk'seore in clinical practice. However, as the
FOS investigators recommend, thé DM prediction models and the
corresponding point score must first be validated in other popula-
tion samples. We sought to replicate the FOS models/using electronic
medical records from a large integrated health plan/and to compare
the DM risk estimated by the 'point 'score with the observed DM
incidence.

METHODS

The study:sample was drawn from adult members of Kaiser Perma-
nente Northwest (KPNW), a closed group practice health maintenance
organization located in Portland, Oregon.Kaiser Permanente Northwest
maintains comprehensive medicaliutilization data that includes an elec-
tronic medical record of all patient encounters, laboratory results that
are analyzed by a single regional laboratory using standardized methods,
and dispensings from pharmacies located in all clinics.

For this study, we selected 20,644 persons aged 26 to 82 years (same
age range as the FOS sample) who had no prior evidence of DM and
who had all the data elements necessary to estimate the models de-
scribed herein recorded during the baseline period (July 1, 1999, to June
30, 2000). Patients were followed up
from July 1, 2000, through June 30,
2007, for new onset of DM, defined

as 1 inpatient diagnosis or 2 or more
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Classification of Diseases, Ninth Revision, Clinical Modification
[ICD-9-CM] codes 250.xx), a dispensing of an antihypergly-
cemic medication, or a fasting plasma glucose level exceeding
125 mg/dL (to convert glucose level to millimoles per liter,
multiply by 0.0555). To replicate the FOS methods, we ex-
cluded patients who died or left the health plan before the
end of the follow-up period without first developing DM.

In addition to age and sex, the baseline predictor vari-
ables used in the FOS simple clinical model included paren-
tal history of DM, body mass index (BMI), blood pressure
(or receipt of antihypertensive therapy), and high-density
lipoprotein cholesterol (HDL-C), triglyceride, and fasting
glucose levels. We used an ICD-9-CM code of family history
of DM (code v18.0) recorded anytime during observation as
a proxy for parental history. All other data were extracted
from values recorded in the medical record in the baseline
year, using the latest value when multiple values were avail-
able. Following the FOS, we categorized metabolic syndrome
traits according to revised National Cholesterol Education
Program Adult Treatment Panel III criteria.® Patients hav-
ing a blood pressure of 130/85 mm Hg or higher or receiving
treatment for hypertension were considered to have elevated
blood pressure; those with a fasting glucose level of 100 to
125 mg/dL were considered to have fasting hyperglycemia;
a fasting triglyceride level of 150 mg/dL or greater was con-
sidered hypertriglyceridemia (to convert triglyceride level
to millimoles per liter, multiply by 0.0113); and an HDL-C
level of less than 40 mg/dL in men or less than 50 mg/dL in
women was considered low (to convert HDL-C level to mil-
limoles per liter, multiply by 0.0259).

Our primary focus was to examine the generalizability of
the FOS models by reestimating 3 logistic regression models
reported by the FOS. The first was a personal model based
on information known to an individual without laboratory
data. The second was a simple clinical model that used cat-
egorical values of the variables already listed. The third used
continuous values for age, BMI, systolic blood pressure, and
HDL-C, triglyceride, and fasting glucose levels. The dis-
criminatory capability of the models was evaluated using C
statistic, also known as the area under the receiver operat-
ing characteristic (ROC) curve. All models were estimated
using commercially available statistical software (SAS ver-
sion 8.2; SAS Institute, Cary, North Carolina). We provide
the FOS results for comparison (with permission) but do not
possess the source data from which the results were derived.
Therefore, we cannot statistically compare the 2 samples or
resulting models.

In addition to reestimating the FOS models, we examined
how well the FOS equations fit our population by applying the
FOS function to the KPN'W data using the Hosmer-Lemeshow

¥’ statistic as the measure of calibration. We then recalibrated
the models using methods suggested by D’Agostino et al.’

We also compared the 8-year risk of DM estimated by the
point score developed by the FOS investigators from the sim-
ple clinical model with the actual DM incidence observed in
our data at each point level. We first made this comparison in
the total KPN'W sample. However, we observed that the over-
all risk of incident DM in the total KPNW sample (16.5%)
was substantially greater than the 5.1% reported in the FOS
data. To determine whether the accuracy of the point score
was affected by this difference, we created a subsample of the
KPNW sample by randomly selecting 926 of 3406 patients
who developed DM, such that the proportion developing DM
was identical to that in the FOS sample. We then again com-
pared the 8-year estimated risk of DM with the observed DM
incidence in this subsample.

RESULTS

The baseline characteristics of 20,644 KPNW subjects
are given in Table 1, along with the characteristics of 3140
persons in the FOS sample. The KPNW sample seemed to
be somewhat older (mean age, 57.4 vs 54.0 years) and more
obese (mean BMI [calculated as weight in kilograms divided
by height in meters squared], 30.3 vs 27.1). Greater propor-
tions of the KPNW sample were hypertensive (67.8% vs
44.2%) and had elevated triglyceride levels (41.8% vs 31.8%).
The proportions in each sample with impaired fasting glu-
cose level (100-125 mg/dL) were almost identical (26.8% vs
27.0%). The proportion developing DM was substantially
greater in the KPN'W sample compared with that in the FOS
sample (16.5% vs 5.1%).

Reestimated Multivariate Models

The FOS and KPNW personal models for DM prediction
using only categories of age, sex, family history of DM, and
BMI are given in Table 2. Age younger than 50 years and
BMI less than 25.0 were the referent categories. Although
ages 50 to 64 years and 65 years or older significantly in-
creased the risk of DM in both samples, the odds ratios were
much greater for these variables in the FOS sample. Male sex
produced a similar odds ratio in both samples but was not
statistically significant in the FOS sample. In both samples,
BMI of 25.0 to 29.9 approximately doubled the risk of DM,
while BMI of 30.0 or higher increased the risk by about 6
times. The FOS model seemed to yield somewhat better dis-
crimination than the KPNW model (area under the ROC
curve, 0.724 vs 0.676).

Table 3 gives the results of the simple clinical models
predicting DM development that added categories for hyper-
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M Table 1. Baseline Characteristics

Characteristic

Age, mean (SD), y

Female sex, %

Parental history of diabetes mellitus, %
Body mass index, mean (SD)®

Blood pressure >130/85 mm Hg or
hypertension therapy, %

High-density lipoprotein cholesterol
level <40 mg/dL in men or <560 mg/dL
in women, %

Triglyceride level >150 mg/dL, %

Fasting plasma glucose level 100-125
mg/dL, %

Proportion developing type 2 diabetes
mellitus, %

CLINICAL

Framingham Kaiser Permanente

Offspring Study? Northwest
(n =3140) (n =20,644)
54.0 (9.8) 574 (11.6)

53.9 55,3
17.0 6.5°
271 (4.7) 30.3 (6.3)
44.2 67.8
36.9 35.7

31.8 41.8
270 26.8
5.1 16.5

Sl conversion factors: To convert glucose level to millimoles per liter, multiply by 0.0555;
high-density lipoprotein cholesterol, multiply by 0.0259; and triglycerides, multiply by 0.0113.

aAdapted from Wilson PWF et al.6

Based on International Classification of Diseases, Ninth Revision, Clinical Modification codes,

which are not routinely recorded.

®Calculated as weight in kilograms divided by height in meters squared.

tension, dyslipidemia, and impaired
fasting glucose level to the personal
model. In the FOS and KPNW sam-
ples, adjustment for these additional
variables changed the direction of
age as a predictor for DM. Male sex
was not significant in either sample.
Other variables, especially BMI, trig-
lyceride level of 150 mg/dL or higher,
and fasting glucose level of 100 to
125 mg/dL, performed remarkably
similarly in the 2 samples. In addi-
tion, the discriminatory ability of the
model in the 2 samples was similar
(area under the ROC curve, 0.852 vs
0.824).

Results of the simple clinical
models using continuously distrib-
uted variables are given in Table 4.
Again, the odds ratios in the 2 sam-
ples were almost identical. Note that
the FOS model included waist cir-
cumference (not statistically signifi-
cant), which was not available in the
KPNW sample. The area under the

H Table 2. Multivariate Prediction of Diabetes Mellitus According to Personal Variables

Variable

Age,y
<50
50-64
>65
Male sex
Parental history of diabetes mellitus

Body mass index”

Framingham
Offspring Study?

Odds Ratio
(95% Confidence Interval) P

1 [Referencel

1.564 (1.04-2.27) .03
1.74 (1.06-2.85) .03
1.25 (0.89-1.74) .20
1.87 (1.28-2.72) .001

Kaiser
Permanente Northwest

Odds Ratio

(95% Confidence Interval) P

1 [Reference]

1.12 (1.02-1.23) .02
1.14 (1.02-1.26) .02
1.28 (1.19-1.38) <.001
1.60 (1.31-1.73) <.001

<25.0 1 [Reference] — 1 [Referencel] —
25.0-29.9 2.35 (1.39-3.96) .001 2.05 (1.75-2.40) <.001
>30.0 6.41 (3.85-10.65) <.001 5.70 (4.92-6.61) <.001

Intercept -4.499 — -3.042 —

Area under the receiver operating 0.724 — 0.676 ==

characteristic curve

aAdapted from Wilson PWF et al .6

bCalculated as weight in kilograms divided by height in meters squared.
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B Table 3. Multivariate Prediction of Diabetes Mellitus According to Simple Clinical Variables

Framingham

Kaiser Permanente

Offspring Study? Northwest
Odds Ratio Odds Ratio

Variable (95% Confidence Interval) P (95% Confidence Interval) P
Age, y

<50 1 [Reference] 1 [Reference]

50-64 0.98 (0.64-1.50) .93 0.81(0.73-0.91) <.001

>65 0.92 (0.54-1.59) 77 0.69 (0.61-0.78) <.001
Male sex 0.99 (0.70-1.41) .95 1.00 (0.91-1.08) 91
Parental history of diabetes mellitus 1.76 (1.17-2.64) .006 1.52 (1.30-1.77) <.001
Body mass index”

<25.0 1 [Reference] 1 [Referencel]

25.0-29.9 1.35 (0.78-2.34) .28 1.32 (1.12-1.56) <.001

>30.0 2.50 (1.45-4.30) .001 2.64 (2.25-3.09) <.001
Blood pressure >130/85 mm Hg or 1.65 (1.10-2.46) .02 1.98 (1.78-2.21) <.001
hypertension therapy
High-density lipoprotein cholesterol 2.57 (1.75-3.77) <.001 1.57 (1.43-1.71) <.001
level <40 mg/dL in men or <50 mg/dL
in women
Triglyceride level 2150 mg/dL 1.78 (1.22-2.59) .003 1.74 (1.59-1.90) <.001
Fasting glucose level 100-125 mg/dL 7.25 (4.89-10.74) <.001 713 (6.54-7.77) <.001
Intercept -5.517 -3.867
Area under the receiver operating 0.852 0.824

characteristic curve

Sl conversion factors: To convert glucose level to millimoles per liter, multiply by 0.0555; high-density lipoprotein cholesterol, multiply by 0.0259; and

triglycerides, multiply by 0.0113.
aAdapted from Wilson PWF et al.6
bCalculated as weight in kilograms divided by height in meters squared.

ROC curve of 0.881 in the FOS sample was again somewhat
higher but similar to that of 0.840 the KPN'W sample.

Calibration Analysis

The calibration analysis of the simple clinical model using
categorical variables is given in Table 5. Applying the FOS
function directly to the full KPNW sample produced a high y?
statistic, indicating poor calibration. Recalibrating the model
substantially lowered the %? statistic, but the value was still
highly significant. Although still lower, the ¥’ statistic for
the reestimated equation was also statistically significant. In
all 3 applications, calibration was better among the KPNW

subsample.

FOS Point Score and DM Incidence

The FOS algorithm to estimate DM risk assigns 10 points
for a fasting glucose level of 100 to 125 mg/dL, 5 points for
an HDL-C level of less than 40 mg/dL in men or less than 50
mg/dL in women, 2 points for a BMI of 25.0 to 29.9, 5 points

for a BMI of 30.0 or higher, 3 points for parental history of DM,
3 points for a triglyceride level of 150 mg/dL or higher, and 2
points for blood pressure of 130/85 mm Hg or higher or receiv-
ing treatment. The 8-year risk of type 2 DM as projected by
the sum of the points as developed by the FOS is plotted in the
Figure, ranging from less than 3% among patients who score 10
or fewer points to greater than 35% among patients who score
25 or more points. Actual DM incidence for the total KPNW
sample at each point level is plotted according to the points
assigned from baseline values, ranging from 5% (<10 points) to
almost 60% (=25 points). Actual DM incidence at each point
level among the subset of the KPNW sample randomly selected
to match the FOS proportion developing DM is also plotted,
closely following the estimated risk of the FOS point score.

DISCUSSION

In this observational study of the electronic medical records

of 20,644 health maintenance organization members, we con-
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H Table 4. Multivariate Prediction of Diabetes Mellitus According to Continuous Variables

Framingham Offspring Study?

Kaiser Permanente Northwest

Odds Ratio Odds Ratio

Variable (95% Confidence Interval) P (95% Confidence Interval) P

Age pery 0.99 (0.97-1.01) 42 0.991 (0.987-0.995) <.001
Male sex 0.65 (0.41-1.02) .06 0.80 (0.73-0.89) <.001
Parental history of diabetes mellitus 1.55 (1.01-2.38) .04 1.52 (1.30-1.79) <.001
Body mass index per kg/m?* 1.04 (0.97-1.11) 24 1.06 (1.05-1.07) <.001
Systolic blood pressure per mm Hg 1.01 (1.00-1.02) A 1.008 (1.006-1.011) <.001
High-density lipoprotein cholesterol 0.96 (0.95-0.98) <.001 0.983 (0.979-0.987) <.001
per mg/dL

Triglycerides per mg/dL 1.00 (1.00-1.00) .16 1.002 (1.002-1.002) <.001
Fasting glucose per mg/dL 1.15 (1.12-1.17) <.001 1.12 (1.11-1.13) <.001
Wiaist circumference 1.05 (0.97-1.12) 22 Not available —

Intercept -18.607 — —14.672 —

Area under the receiver operating 0.881 — 0.840 —

characteristic curve

aAdapted from Wilson PWF et al.®

firmed the DM prediction equations developed by the FOS.
In the simple clinical models, the odds ratios of the predictor
variables were remarkably similar to those reported by the FOS,
whether using categorical or continuous measures. The overall
discrimination as measured by the area under the ROC curve
was also similar. The validation of the FOS equations supports
the conclusion that complex models are not needed to deter-
mine risk of type 2 DM. A set of clinical variables that is easy
to collect (namely, BMI, the presence of hypertension, family
history of DM, and HDL-C, triglyceride, and fasting glucose
levels) produced an area under the ROC curve of 0.84.
However, we did not confirm the FOS point score pre-
dicting 8-year DM risk. Although we found that more points
equated to greater risk, the accuracy of the point score risk
estimate seemed to be contingent on the overall incidence of
DM in the population being similar to the 5.1% found in the
FOS data. In our study sample, which had a much higher DM
incidence of 16.5%, the point score dramatically underesti-
mated individual risk. When we randomly selected a subset of
patients who developed DM at the same 5.1% rate found in
the FOS data, the expected risk predicted by the point score
and the actual proportion developing DM at each point total
were almost identical. This finding has important ramifica-
tions for the applicability of the simple point scores to higher
risk populations. Applying the FOS point score to an indi-
vidual patient could lead to severe overestimation or underes-
timation of the patient’s risk if the underlying mean incident
rate is substantially different from that in the FOS sample.

However, because actual DM incidence increased with each
point at a rate almost identical to that suggested by the FOS
score, the number of points accurately represents increasing
DM risk. Therefore, if managed care plans with data resources
similar to those of KPNW plotted their actual DM incidence
at each point level, the point score could be accurately adapt-
ed to their specific populations.

Race/ethnicity mix may explain some of the difference in
the proportions of the FOS and KPNW samples that devel-
oped DM. The FOS sample was 99% white compared with
approximately 90% of the KPN'W sample. Selection bias like-
ly explains much more of the difference. Although the FOS
sample was population based, it was composed of volunteers,
who may have been healthier than nonvolunteers. Because
the KPNW sample was observational, we were limited to ana-
lyzing approximately 20% of KPNW patients for whom all
the necessary clinical data were available. Among the total
KPNW population aged 26 to 82 years (those with and with-
out all the clinical measures), the 7-year incidence of DM
was 6.5%. That 16.5% of our study sample experienced DM
during the same 7 years suggests that these patients had the
necessary measures because their clinicians may have been
concerned about their DM risk. However, these are precisely
the type of patients to which a clinician would likely apply
the FOS point score. Although the FOS point score might ac-
curately assess DM risk on a populationwide basis, it seems to
substantially underestimate that risk among clinical attendees

at all point levels.
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In addition to the KPNW sample be-
ing composed of healthcare seekers, there
were some specific differences between
the KPNW and FOS samples that likely
affected the underlying incidence of DM.
In particular, the mean BMI of the KPNW

sample was 30.3 compared with 27.1 in Unadjusted

the FOS sample. Because obesity is one of oo
the strongest risk factors for DM, it is not Reestimated

surprising that DM incidence was much

greater in the KPNW sample. Nonetheless,

if the predictive power of BMI is continuous, the FOS risk
score will underestimate the effect of very high BMI because
patients with a BMI of 30.0 receive the same 5 points as pa-
tients with a BMI of 35.0. This is an important consideration
given the continuing trend of rising obesity prevalence.!*!? In
addition, the KPN'W sample had a much higher proportion of
subjects with hypertension and high triglyceride levels, both
well-known risk factors for DM incidence."

To our knowledge, this is the first study to examine
the applicability of the FOS prediction equations of inci-
dent DM. However, it is not the first to find Framingham
equations to be inaccurate. Previous investigations of the
Framingham CHD risk equations have shown that underes-
timation of risk occurs in patients with DM.'*!® This is due
to an underlying risk of CHD in DM that is greater than that
in the general population on which the Framingham equa-
tions were based. When
such systematic underes-

timation occurs, a process

H Table 5. Calibration Analysis (Hosmer-Lemeshow y? Statistic) of the
Simple Clinical Model Among the Kaiser Permanente Northwest
Cohort Using Categorical Variables

x? Statistic (P)

Framingham Offspring
Study Function

Total Sample Subsample

5069.6 (<.001) 48.8 (<.001)
89.1 (<.001) 43.6 (<.001)
35.8 (<.001) 23.4 (.003)

function but not more so than reestimating risk in our data
using identical variables.

The FOS is not the first study to attempt DM risk predic-
tion. Most of those efforts have focused on predicting preva-
lent but undiagnosed DM.>1¢18 A simple tool that relied on
questionnaire-based data was developed in Finland, but that
risk score predicted DM medication initiation, not incident
DM per se.'” Another longitudinal risk score using 4 vari-
ables (age, sex, and triglyceride and fasting glucose levels)
has been proposed, but the area under the ROC curve for
that score was 0.71, considerably lower than that in the FOS
model. The San Antonio Heart Study investigators devel-
oped an incident DM prediction model similar to the FOS
model in the variables used and in performance but did not
propose a risk score.* Given the simplicity of the FOS risk
score and the widespread use of a similar score for predict-

B Figure. Estimated Risk of Diabetes Mellitus (DM) Versus Actual DM Incidence

known as recalibration 7009
—— 8-Year risk of DM per algorithm?
can be used, which re- o
. 60.0 @ Actual DM incidence, total KPNW sample
places the Framingham -0 & e
. ° O--  Actual DM incidence, KPNW subsample s
mean predictor values & s
and mean incident rate E 50.0
with the mean values and %5 . ’
mean incident rate from g 200 - ‘ "¢
the new cohort. Reca- § 2 3
libration has been shown 8 ‘
to correct overestimation o 00| N g0 o
* :
or underestimation in g 3
ethnic groups with differ- § 20.0 "‘
. . > o “, N
ent underlying CHD risk & L JOPS “ I Q ,9/ * o
bt d q % 3 __/r 0
ut does not produce a 10.0 4 P o
better model fit than re-
estimating the equations 8 % o
0.0 T T T T T T T T

T T T T T T
14 15 16 17 18 19 20 21 22 23 24 >25

with each site’s data.’ <10 11 12 13

We similarly found that Item PointTotal

recalibration greatly tm- aAdapted from Wilson PWF et al.¢

proved the fit of the FOS KPNW indicates Kaiser Permanente Northwest.
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Take-away Points

Diabetes mellitus (DM) prediction equations developed by the Framingham Offspring Study
were validated, but the point score underestimated DM risk in a health maintenance organi-

zation population.

B Diabetes mellitus incidence can be accurately predicted from a small set of known demo-
graphic and clinical risk factors that are easily measured in a clinical setting.

B The accuracy of the point score based on these risk factors requires that the underlying
incidence of the individuals to whom it is applied be similar to the population from which it

was derived.

B Using the point score to estimate DM risk of individual patients must be done cautiously.

ing CHD risk, the FOS tool might be rapidly adopted into
clinical practice. Although the FOS equations seem valid
for predicting DM incidence, the point score did not accu-
rately predict incident DM in a population at much greater
risk. Therefore, the accuracy of a point score requires that
the underlying incidence of the individuals to whom it is
applied be similar to the population from which it was de-
rived. Because the clinician is unlikely to know whether this
is indeed true, using the point score to estimate DM risk of
individual patients must be done cautiously. Health plans
that can recalculate the risk associated with each point level
can accurately adapt the point score to predict DM risk in
their populations.
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