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ABSTRACT

PURPOSE Fifty-four million people in the United States have impaired fasting
glucose (IFG); if it is identified, they may benefit from prevention strategies that
can minimize progression to diabetes, morbidity, and mortality. We created a
tool to identify those likely to have undetected hyperglycemia.

METHODS We undertook a cross-sectional analysis of existing data from the
National Health and Nutrition Examination Survey (NHANES) 1999-2004 of
4,045 US adults aged 20 to 64 years who did not have a disgnosis of diabetes
who had a measured fasting plasma glucose. Using characteristics that are self-
reported or measured without laboratory data, we developed a logistic regres-
sion model predicting IFG and undiagnosed diabetes. Based on this model, we
created TAG-IT (the Tool to Assess likelihood of fasting Glucose ImpairmenT),
validated it using NHANES 111, examined race and ethnicity subsets, and com-
pared it with body mass index (BMI) alone.

RESULTS Predictors in the final tool were age, sex, BMI, family history of diabe-
tes, resting heart rate, and history of hypertension (or measured high blood pres-
sure), which yielded an area under the curve (AUC) of 0.740, significantly better
than BMI alone (AUC = 0.644).

CONCLUSIONS The TAG-IT efficiently identifies those most likely to have abnor-
mal fasting glucose and can be used as a decision aid for screening in clinical
and population settings, or as a prescreening tool to help identify potential par-
ticipants for research. The TAG-IT represents an improvement over BMI alone or
a list of risk factors in both its utility in younger adult populations and its ability
to provide clinicians and researchers with a strategy to assess the risks of combi-
nations of factors.

Ann Fam Med 2008;6:555-561. DOI: 10.1370/afm.913.

INTRODUCTION

early 54 million Americans, 26.0% of US adults, have impaired
fasting glucose (IFG).! The incidence of progression to diabetes
from IFG is nearly 2% per year, almost double the average inci-
dence for diabetes.? Additionally, I[FG is associated with cardiovascular
and other morbidities.?”
Screening for asymptomatic [FG and undiagnosed diabetes could
be considered, although population screening for diabetes using fast-
ing plasma glucose levels is neither cost-effective nor recommended.®*
Recently, however, there is increasing evidence that (1) prediabetes states
are themselves associated with comorbidities and complications, and (2)
strategies to prevent diabetes in those with prediabetes states are effec-
tive.**°17 [t may therefore be beneficial to identify a group at increased
risk for having prediabetes. Measuring fasting plasma glucose may be the
best initial screening strategy for prediabetes, assuming low rates of oral
glucose tolerance testing.’
The American Diabetes Association (ADA) lists risk factors that should
trigger screening for prediabetes, which include an increased body mass
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index (BMI) plus 1 other risk factor, or age 45 years or
older.'® The difficulty for clinicians lies in assessing the
relative value of combinations of risk factors. For exam-
ple, should a 22-year-old college athlete with a BMI of
26 kg/m? and a family history of diabetes be tested?
Should a 35-year-old sedentary hypertensive woman
be tested even though her BMI is 23 kg/m?? A tool that
could weigh the relative contributions of multiple risk
factors would be helpful for clinicians over and above
the ADA guidelines.'

One way to identify IFG may be to use risk scores
that have been developed to detect undiagnosed dia-
betes. The Danish Diabetes Risk Score was developed
in a Danish population aged 30 to 60 years as a self-
administered tool to identify undiagnosed diabetes."
Similar risk scores have been developed for use in
populations older than 40 years.?°?' The average age
of diagnosis for diabetes in the United States is 46
years.?? Given the increasing burden of type 2 diabetes
in youth populations, however, we would expect [FG
to occur at an even younger age. Accordingly, a tool
that indicates the likelihood of undiagnosed diabetes
and IFG in young adults is preferred.

We created a model and subsequent tool to assess
the likelihood of fasting glucose impairment (TAG-IT,
Tool to Assess likelihood of fasting Glucose Impair-
men]) with the aim of identifying people who have
fasting hyperglycemia, comprising both [FG and
undiagnosed diabetes. We then validated TAG-IT in a
second population-based sample, and compared TAG-
IT with BMI alone for the ability to predict [FG and

undiagnosed diabetes.

METHODS

Data Source and Variables Examined

We analyzed cross-sectional data from 4,045 partici-
pants, aged 20 to 64 years, from the population-based
National Health and Nutrition Examination Survey
(NHANES), 1999-2004. The NHANES participants
are a stratified, multistage probability sample of the
civilian, noninstitutionalized US population. The sam-
pling design and weighting system of the survey allows
estimates of the number and percentage of persons
with selected diseases and risk factors, such as national
estimates of the prevalence of diabetes, undiagnosed
diabetes, and [FG." After applying appropriate sample
weights, the unweighted sample of 4,045 participants
represents more than 153 million Americans. We used
SUDAAN software (RTI International, Research Trian-
gle Park, North Carolina, 2005) to analyze this clustered
probability sample and make population estimates.?
This study was approved by the Institutional Review
Board of the Medical University of South Carolina.

Analysis was limited to participants with no his-
tory of diabetes who had a measured fasting plasma
glucose. Participants with previously diagnosed dia-
betes were excluded based on the question, “Other
than during pregnancy, have you ever been told by a
doctor or health professional that you have diabetes
or sugar diabetes>” Individuals were defined as hav-
ing undiagnosed diabetes if they answered "no" to
this question and had a fasting plasma glucose of 126
mg/dL (7.0 mmol/L) or greater.

We only examined predictors that could be self-
reported or measured without obtaining a blood sam-
ple, because if a blood test was required, it would be
much more sensible to measure fasting plasma glucose
itself.?* Variables examined included age, sex, family
history of diabetes in a first-degree relative, BMI, waist
circumference, activity level, resting heart rate, history
of hyperlipidemia, and history or presence of hyper-
tension. A person was defined as having a history or
presence of hypertension if they answered yes to the
question, "Has a doctor or other health professional
ever told you that you had hypertension, also called
high blood pressure?” or if they had an average of 3
blood pressure measurements with a systolic pressure
of 140 mm Hg or higher or a diastolic pressure of 90
mm Hg or higher. Blood pressure was measured in the
NHANES using procedures consistent with American
Heart Association guidelines.?

Among the risk factors indicated by the ADA that
should trigger consideration for screening for diabetes,'®
we were not able to include a history of gestational
diabetes, peripheral arterial disease, acanthosis nigri-
cans, or polycystic ovary syndrome, as this information
was not available to us. It could be argued, however,
that these conditions should trigger an investigation of
plasma glucose levels in and of themselves. Whereas
ankle-brachial index, a good indicator of peripheral
arterial disease, was measured in the NHANES for
participants aged 40 years and older, it was not mea-
sured in younger participants, and it also did not fit our
criterion of being a measurement that could be self-
administered or performed routinely in the setting of a
health fair or primary care office visit.

We did not examine race or ethnicity specifically
as a risk factor because we wanted to make a tool that
would be generalizable. Rather, we created a model
and the subsequent TAG-IT score from a population-
based sample with a race/ethnicity mix representative
of the US population, and then we examined validity
of the final risk score for specific race and ethnicity
subsets as part of the validation analysis.

Our outcome was to predict abnormal fasting glu-
cose, defined as fasting plasma glucose of 100 mg/dL
or greater, which identifies those with IFG, as well as
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those with undiagnosed diabetes. We considered only
examining those with IFG and not those with undiag-
nosed diabetes; in clinical practice, however, the tool

will naturally identify those with undiagnosed diabe-

tes, although proportionally this number will be small
compared with those with [FG!

Creating the Model

We used logistic regression in SUDAAN, with an
initial forced inclusion model. In the initial model,

we included age, sex, BMI, waist circumference, fam-
ily history of diabetes, exercise history, hypertension,
and history of hyperlipidemia to find the model that
would best predict the abnormal fasting glucose logistic
outcome. We examined hypertension as a predictor in
different models as history of vs measured hyperten-
sion, including diastolic blood pressure, systolic blood
pressure, a combination of systolic and diastolic blood
pressure, and finally a combination of history of hyper-
tension and elevated measured blood pressure. We
separately examined resting heart rate in an additional
model, a factor that differs between the TAG-IT score
and the Danish Diabetes Risk Score.'” We stratified
variables, eg, age, into groups to improve discrimination
for the eventual score. We selected combinations of fac-
tors that were significant predictors in the initial model
and examined multiple models to form the most parsi-
monious final model with the greatest predictive value.

Converting to Integer Risk Points

It is possible to use odds ratios from the regression
model as risk points for the purposes of computing a
total risk score, especially when a link to a computer-
ized calculation of the score is generated.?® TAG-IT,
however, is designed to be used in clinical as well as
preclinical settings, so we preferred the ability to do
a simple paper-and-pencil calculation of the score. For
this reason, we rounded to whole number risk points,
using the method of Charlson in developing the Charl-
son Comorbidity Index.?” In this scheme, significant
odds ratios between 1 and 1.19 scored 0 points, ratios
from 1.2 to 1.49 were rounded to 1 point, ratios from
1.5 to 2.49 were rounded to 2 points, and so forth.

Validation and Comparison

With Other Predictive Measures

TAG-IT was validated using NHANES III, a popula-

tion-based sample spanning the years 1988-1994. These

NHANES data are not part of a cohort design; there-

fore, NHANES III (1998-1994) does not contain data

from the same persons as the NHANES 1999-2004.
For validation using NHANES III, we again used

data from adults aged 20 to 64 years. The TAG-IT

scoring system was applied to each member of the

NHANES III validation sample. The outcome pre-
dicted by TAG-IT was compared with the true out-
come (measure fasting plasma glucose), generating
true-positive, true-negative, false-positive, and false-
negative outcome. These values were used to gener-
ate a receiver operating characteristic (ROC) curve.
Finally, the area under the ROC curve (AUC) for the
validation data set (NHANES III) was compared with
the AUC for the development data set (NHANES
1999-2004) using MedCalc statistical software to test
for a significant difference in the AUCs.2%-3°

We also examined the performance of TAG-IT
within specific race and ethnic subsamples in NHANES
1999-2004. Race/ethnicity is self-defined by NHANES
participants as "non-Hispanic white,” "non-Hispanic
black,” “Hispanic,” and “other.” We validated the TAG-
IT score among these groups with the exception of the
“other” group, which was too heterogeneous and small
for specific examination.

An important consideration in the creation of the
TAG-IT is whether the tool represents an improvement
over other known strategies. We compared the ability

of TAG-IT to predict [FG with BMI alone.

RESULTS

Among the 153 million adult participants aged 20 to 64
years who did not have known diabetes (unweighted
n=4,045), 37.9 million had a fasting plasma glucose
level consistent with I[FG (unweighted n=1,014), and
3.3 million had a fasting plasma glucose level consis-
tent with previously undetected diabetes (unweighted
n=103). Table 1 displays the characteristics of the
weighted NHANES 1999-2004 sample with respect to
the predictor variables used in the initial full model.
History of high cholesterol and waist circumfer-
ence were not significant in the initial model and were
dropped from the final model. The odds ratios for the
final model and risk point derivation are displayed
in Table 2. Our preliminary investigation included
participants aged 65 years and older. Because those
aged 65 years and older scored 7 risk points in an
initial model (odds ratio [OR]= 7.03; 95% confidence
interval [Cl] 5.06-9.76), they were excluded from the
sample used to derive the final model; in essence, we
showed that all those aged 65 years and older have a
high likelihood of abnormal fasting glucose regard-
less of other characteristics. Accordingly, we limited
analysis to data from those aged 20 to 64 years to
best examine how to discriminate who among this
younger group has a higher likelihood of abnormal
fasting glucose. We excluded exercise history from
the final model. Although a history of no regular
exercise was significant in the model (OR=1.32; 95%
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Table 1. Characteristics of the NHANES
1999-2004 Sample Excluding Persons With

Diagnosed Diabetes

Number
Proportion  in Weighted
of Weighted Sample

Characteristic Sample (%)? (Millions)?
Fasting glucose, mg/dL

<100 73.1 112.3

100-125 24.7 37.9

>126 2.2 33
Age, years

20-27 18.4 28.2

28-35 20.0 30.8

36-44 231 35.4

45-64 38.5 59.1
Sex

Male 48.9 75.1

Female 51.1 78.4
Race/ethnicity

Non-Hispanic white 71.9 110.4

Non-Hispanic black 11.0 16.9

Hispanic 13.1 20.2

Other 3.9 6.0
Body mass index, kg/m?

<25 36.9 56.7

25-29.9 34.1 52.4

>30 29.0 44.4
Family history of diabetes

No 50.5 77.5

Yes 49.5 76.0
Heart rate, beats per min

<60 14.9 22.9

60-69 31.2 47.9

70-79 321 49.3

80-89 15.0 23.0

90-99 5.0 7.7

>100 1.7 2.6
Hypertension

No 72.8 111.8

Yes 27.2 41.7
Waist circumference, cm

Male <102, female <88 54.4 83.5

Male >102, female >88 45.6 70.0
Exercise

None 34.6 53.2

Moderate 27.3 41.9

Vigorous 38.1 58.4
Hypercholesterolemia

No or not tested 78.2 120.1

Yes 21.8 33.5

NHANES = National Health and Nutrition Examination Survey.

2Based upon weighted population estimates derived using SUDAAN software

and NHANES population weights.

ClI, 1.05-1.65), resting heart rate provided similar
predictive ability in the model when substituted for
exercise history; therefore, we chose resting heart rate
for the model as it is easily measured and more easily
extracted from an electronic health record.

Compared with women, men had an increased
risk for IFG in the final model (OR=2.58; 95% (I,
2.24-2.98); being male conferred 3 risk points. In the
NHANES sample, men had a higher mean fasting
plasma glucose levels, 98.4 mg/dL, than women, 93.5
mg/dL (P <.001), consistent with the findings of previ-
ous examinations of the distribution of [FG among men
and women in the United States.'

In Table 3 the AUC for TAG-IT is compared with
the AUC for BMI alone in NHANES 1999-2004, as
well as in the validation data set from NHANES III.
Additionally, Table 3 displays the AUC for different
race and ethnic subsets in the NHANES 1999-2004.
TAG-IT provides greater predictive ability than BMI
alone in the 1999-2004 US population, and in the
3 race and ethnic subsets. The ROC curves for the
TAG-IT and BMI alone are depicted in Figure 1. Addi-
tionally, the AUC for the TAG-IT was significantly

Table 2. Logistic Regression Model
Predicting Fasting Glucose >100 mg/dL
and Scores Assigned to Each Variable
Characteristic OR 95% ClI Score
Age, years

20-27 1.00 — 0

28-35 1.47 1.08-2.00 1

36-44 2.27 1.71-3.03 2

45-64 4.36 3.38-5.64 4
Sex

Male 2.58 2.24-2.98 3

Female 1.00 — 0
Body mass index (kg/m?)

<25 1.00 —

25-29.9 2.1 1.68-2.65 2

>30 2.82 2.24-3.55 3
Family history of diabetes

No 1.00 — 0

Yes 1.27 1.07-1.52 1
Heart rate (beats per min)

<60 1.12 0.85-1.47 0

60-69 1.00 — 0

70-79 1.38 1.09-1.74 1

80-89 1.56 1.18-2.05 2

90-99 2.20 1.48-3.27 2

>100 4.02 1.97-8.19 4
Hypertension

No 1.00 — 0

Yes 1.28 1.02-1.61 1
Cl = confidence interval; OR = odds ratio.
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Table 3. Area Under the ROC Curve for TAG-IT
Compared With BMI Alone for the Whole Sample
and for Racel/Ethnicity Subsamples (NHANES
1999-2004) and Validation Sample (NHANES 3)

Area Under ROC Curve

Sample TAG-IT BMI
NHANES 1999-2004

Whole sample 0.740 0.644*
Non-Hispanic white 0.753 0.669*
Non-Hispanic black 0.717 0.656*
Hispanic 0.724 0.564*
NHANES 3

Whole sample 0.744 0.685*

BMI = body mass index. NHANES = National Health and Nutrition Examina-
tion Survey; ROC = receiver operating characteristic; TAG-IT = Tool to Assess
Likelihood of Fasting Glucose ImpairmenT.

*Significantly different from TAG-IT (P <.05).

Figure 1. ROC curves for prediction using
TAG-IT and BMI in the derivation sample
(NHANES 1999-2004).
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BMI = body mass index; ROC = receiver operating characteristic; TAG-IT =
Tool to Assess Likelihood of Fasting Glucose ImpairmenT.

better than that of the Danish Diabetes Risk Score in
the derivation sample, and equivalent in the validation
sample (data not shown)."”

The sensitivity and specificity at different scores
for the TAG-IT, as well as the positive and negative
likelihood ratios, are displayed in Table 4. Although a
score of 5 or higher yields a high sensitivity, different
cutoffs to enhance sensitivity, specificity, or positive
likelihood ratio may be desired, depending on screen-
ing objectives.

DISCUSSION

We created TAG-IT, a tool to identify those at highest
risk for having undetected hyperglycemia, comprising
IFG and undiagnosed diabetes, with potential utility in
both clinical and research settings. Whereas popula-
tion screening for diabetes and perhaps I[FG, by exten-
sion, has not been recommended in the past,®” there

is growing evidence of the harms associated with pre-
diabetes states and evidence that diabetes can be pre-
vented.*'%'® Additionally, communication with patients
about disease risk has been shown to have a beneficial
effect on therapeutic outcomes.?' A tool to identify
efficiently those most likely to have an abnormal fast-
ing glucose may affect our approach to decisions about
screening and risk assessment.

We designed TAG-IT to use only those factors that
are either self-reported or easily measured (eg, BMI).
One consequence of this design and of our decision
to exclude exercise history is that all the risk factors
included in TAG-IT can be found in an electronic
health record. By applying TAG-IT to patients in a
practice panel by using its electronic health record,
clinicians can potentially improve detection of I[FG
and, parenthetically, undetected diabetes. Additionally,
this prescreening tool can be used at population-based
screening events. It also has potential application as a
Web-based screening tool to improve awareness and
population health and to encourage compliance with
physician-recommended lifestyle changes.?' Finally,

TAG-IT's emphasis on investigating the history

Table 4. Sensitivity, Specificity, and Likelihood Ratios and consequences of pr'edlabete.s states may

for Selected Risk Point Levels of TAG-IT help investigators to efficiently identify poten-
tial research participants.

Sensitivi Soecific _["(07_i:1iVed le‘.ill%tived What score derived from the TAG-IT should

Criterion en(s;/tl)wty pe(collo)qty Li I:a:tigo Li ;a:ﬁgo trigger additional testing? This complex decision
involves considering the goals of a screening

5 or higher 87.0 43.3 1.53 . .

6 or hich 780 56 3 180 program, the prevalence of disease in the target

or ni er . . .

S or hiZher 6.5 €02 516 population, the strategy to be used for addi-

8 or higher 53,7 8.8 554 tional testing, and the cost of additional testing,

9 or higher 395 879 3.26 all balanced against the perceived benefits of
early detection. If high sensitivity is desired,

TAG-IT = Tool to Assess likelihood of fasting Glucose ImpairmenT.

with an aggressive case-finding strategy, then a
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score of 5 or higher (87.0% sensitivity, Table 4) might
be chosen. On the other hand, if a high specificity is
desired, minimizing additional testing and false-posi-
tive results, a score of 8 or 9 (78.8%, 87.9% specificity,
Table 4) might be used. An economic analysis would be
the next step in making an informed decision about the
threshold that should trigger additional testing.

Although TAG-IT has many advantages, we
should note limitations in its design. First, this tool
was developed from cross-sectional data and examines
only present risk of elevated fasting plasma glucose.
This score does not predict future risk for disease, as
do published prospective risk scores for diabetes 3?3
Second, TAG-IT examines only fasting plasma glucose
as an outcome. Although there is substantial overlap
between IFG and impaired glucose tolerance, the
TAG-IT does not address impaired glucose tolerance,
which would require an oral glucose tolerance test.
When considering probable nonadherence rates with
the oral glucose tolerance test, however, using fasting
plasma glucose levels may be the best initial strategy to
screen for prediabetes.’

Even though diabetes and IFG are known to be
more prevalent in some race and ethnic subgroups in
the United States,' we chose not to include race/ethnic-
ity as a predictor in the TAG-IT. This decision was the
result of careful consideration of precedent for exclu-
sion of race/ethnicity in many other risk scores, 23435
and of the eventual application of TAG-IT in other
countries and settings. Health and health research are
increasingly global activities; creating a risk score that
would only be applicable to the 3 most common race
and ethnic subgroups in the United States seemed to
unnecessarily limit the potential use of the tool.

Two advantages of TAG-IT are that it was devel-
oped from a population-based sample, increasing its
validity to be widely applied, and that it is able to assess
risk starting with adults aged 20 years. Indeed, the tool
probably has greatest utility and discriminative ability
among young adults. Given trends in diabetes age of
diagnosis, and that IFG precedes onset of diabetes, the
score’s applicability to young adults is crucial.??

One main factor driving the development of TAG-
IT was the lack of guidance for clinicians about how
to think about multiple risk factors, especially when
some factors confer increased risk, while others confer
decreased risk. TAG-IT goes beyond the list of risk
factors proposed by the ADA,'® providing additional
guidance to clinicians faced by patients with combina-
tions of risk factors. In the introduction, we proposed
2 examples, one a male college athlete, the other a
sedentary woman with hypertension. If we presuppose
that the athlete has a resting heart rate of 64 beats
per minute and that the sedentary woman has a rest-

ing heart rate of 85 beats per minute, we see that the
athlete scores 3 points for being male, 2 for a BMI of
26 kg/m?, and 1 for family history of diabetes, for a
total of 6 points. The woman scores 1 point for her age
of 35 years, 2 for a resting heart rate of 85 beats per
minute, and 1 for hypertension, for a total of 4 points.
In this case, the college athlete scores higher than his
older sedentary counterpart, with a higher likelihood
of IFG, mostly based on his higher BMI and male sex.
This result might not be immediately intuitive without
using TAG-IT.

The development of this tool raises questions about
how it should be used. There may be harms associated
with identifying [FG that affect a person'’s self-concept
of health and well-being. Balanced against this poten-
tial harm is the benefit of intervening to decrease risk
of development of diabetes and other complications. If
we choose to use the tool, we need to determine the
correct screening strategy. Ultimately, the question
remains: What real value does earlier identification
serve in terms of reductions in morbidity and mortal-
ity? Further investigations are necessary to address
this question as well as the best screening strategies,
including field testing for usability, qualitative investi-
gations of the effects of a positive screening result on a
person’s concept of his or her health, and clinical trials
assessing the effect of screening and communications
on patient-oriented outcomes, such as weight loss, life-
style change, and diabetes prevention.

In conclusion, TAG-IT represents an improvement
over previous lists of risk factors and over BMI alone
because it aids clinicians in combining multiple risk fac-
tors, it can be applied to young and middle-aged adults,
it performs well in racial and ethnic subgroups, and it
was developed from a population-based sample and
validated in a second population-based sample. TAG-IT
can be readily and immediately applied in clinical set-
tings, can aid in the identification of potential research
participants with IFG, can be widely applied in prac-
tices using electronic health records, and can improve
the efficiency of population-based screening, including
community and Web-based applications.

To read or post commentaries in response to this article, see it
online at http:/lwww.annfammed.orgl/cgilcontent/full/6/6/555.
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