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Predictive Value of Risk Factor Total
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OBJECTIVE: Screening for diabetes is recommended for
individuals >45 years of age, or earlier if they manifest >
one specific risk factors. This study examined the sensitivity
and positive predictive value (PPV) of risk factor total for
identifying individuals with diabetes and prediabetes.

DESIGN: Subjects were interviewed to assess the presence of
risk factors. Fasting plasma glucose levels were obtained.

SETTING: The study occurred at a health fair in Greens-
burg, PA.

PATIENTS: Six hundred sixty-one Caucasians between the
ages of 19 and 100.

RESULTS: Using the criterion of screening individuals with >
one risk factors detected 100% of both diabetics and prediabet-
ics. This dropped to 91.2% when screening individuals with >
two factors. The PPV of the risk factor total was poor (80% of
individuals with a total of four factors were not diabetic). The
ability of the risk factor total to predict individuals with impaired
glucose metabolism (prediabetics + diabetics) was considerably
better, and increased almost linearly with the risk factor total.
Of the subjects with normal glucose values, the mean glucose
increased as the risk factor total increased.

CONCLUSION: While the sensitivity of using > one risk
factor as an algorithm to screen is 100% for identifying
diabetics, the PPV of risk factor analysis for identifying
diabetics is poor. The same algorithm works well to identify
at-risk individuals, presumably allowing early intervention
and education.
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Hyperglycemia is a risky business. Elevated glucose levels in
diabetes mellitus are associated with the risk of retinopathy,
kidney failure, and neurologic damage.' Coronary vascular
disease is strongly associated with diabetes; in fact, it is the
leading cause of diabetes related deaths.” An individual with
diabetes has the equivalent risk of suffering a major coronary
event as a person who already has coronary heart disease.?
An increasing number of Americans are exposed to this risk:
6.3% of the U.S. population can be classified as diabetics. A
diagnosis of diabetes can be made three ways. The first is by
an individual having the classic symptoms of diabetes, e.g.,
polydipsia, polyuria, and unexplained weight loss, and a casual
glucose value 211.1 mmol/L (200 mg/dL). The second is by an
individual having a fasting plasma glucose (FPG) >7.0 mmol/L
(126 mg/dL), confirmed by repeat testing on a different day.
The third method is a two-hour post glucose load value >11.1
mmol/L (200 mg/dL) during an oral glucose tolerance test,
repeated on a different day.’ The cutoff values are based on
the increased incidence of retinopathy that is associated with
glucose values at or above these levels. There is no threshold
glycemic value that predicts macrovascular risk.

Individuals who have type 2 diabetes may already bear some
of its ‘scars’ at the time of diagnosis. Newly detected type 2
diabetics have a higher degree of early atherosclerosis than
non-diabetics.® Nephropathy may be found at this time as
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well; therefore, newly diagnosed diabetics should be screened
for microalbumin.! Frank diabetes follows a ‘prediabetic’ pe-
riod. Recently, the FPG range that defines this stage has been
lowered to include 5.6 mmol/L to 6.9 mmol/L (100 mg/dL
to 125 mg/dL); 21.1% of Americans age 40 to 74 fall into this
new range.*’ Individuals with prediabetes have a relative risk of
heart disease of 1.19 to 1.33 compared to euglycemic individu-
als.®? The benefit of classifying an individual as prediabetic is to
intervene and attempt to prevent subsequent diabetes. Several
studies have shown that life style changes and/or pharmaco-
logic therapy targeted at prediabetics can substantially reduce
the incidence of progression to diabetes.'

The American Diabetes Association does not recommend
screening the general population for diabetes, but instead uses
a risk-based approach. Since age is a risk factor in becoming
diabetic, screening should begin at age 45, and be performed
every three years thereafter.'” Other factors that are associated
with increased risk of developing diabetes are being overweight
(body mass index >25 kg/m?), family history of diabetes, race
other than Caucasian, hypertension (even if treated), dyslipid-
emia, history of gestational diabetes or delivering a baby > nine
pounds, and habitual physical inactivity. Individuals that have
one or more of these risks should be screened for diabetes at a
younger age.'' The correlation between risk factors and diabetes
is not expected to be 100%, but the greater the number of risk
factors, the greater the chance is that an individual has or will
develop diabetes.!" Risk factor assessment is a simple method
for prediction, does not weight any factor higher than another,
and does not take into account possible interactions between
the factors. Its advantage is that it is easy to perform, all factors
have an equivalent risk, and they are summed. If an individual
has one or more risk factors, the physician may decide to screen

the individual for diabetes before their 45th birthday.

This study enrolled a large group of Caucasian men and
women who attended a community health screen, and cor-
related the risk factor total to the prevalence of diabetes and
prediabetes in that population to determine the sensitivity
and PPV of risk factor total as a screening tool for diabetes.
This study also examined the level of FPG in euglycemic
individuals with respect to risk factor total.

MATERIALS AND METHODS

Subjects were solicited at a health fair in Greensburg, Penn-
sylvania in April 2003. Six hundred sixty-two people (264
males and 398 females) enrolled in the study. Each completed
a health survey and provided informed consent. Subjects
ranged in age from 19 years to 100 years, with a mean of
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60.6 (SD 14.0) and a median of 61. All of the subjects were
non-Hispanic Caucasians except for one African-American
man. Because race other than Caucasian is a known risk
factor for diabetes, and only one participant was not Cau-
casian, he was excluded from this study. Survey materials
were approved by the Institutional Review Board at the
University of West Florida. There was no financial incentive
for participation. Participants were fasting 10 to 12 hours
prior to phlebotomy.

Samples were collected in lithium heparin tubes with separa-
tor gels and centrifuged within one hour of collection. Test-
ing was performed on a Roche Hitachi Modular® Analytics
Instrument (Roche Diagnostics Corporation) at Westmo-
reland Regional Hospital in Greensburg PA by a qualified
technical staff. The population was sorted into three groups
using FPG value and history of diabetes: nondiabetics with
FPG <5.6 mmol/L (99 mg/dL) were classified as euglyce-
mics, nondiabetics with FPG between 5.6mmol/L and 6.9
mmol/L (100 to 125 mg/dL) were classified as prediabetics,
and individuals with a history of diabetes were classified as
diabetics regardless of their FPG. Individuals with no history
of diabetes but with FPG >7.0 mmol/L (126 mg/dL) were
classified as diabetics for this study; in a clinical situation,
most of these individuals would require a second FPG or a
glucose tolerance test to confirm that assessment. Prevalence
of diabetes and prediabetes in the group was compared to
national prevalence using a Chi-square Goodness of Fit test,
and differences were considered to be statistically significant
when p < 0.05.

The categories of risk factors were: family history of a first-
degree relative with diabetes, body mass index 225 kg/m?,
age >45, history of hypertension, HDL <0.91 mmol/L (35
mg/dL) or triglycerides >2.82 mmol/L (250 mg/dL), history
of gestational diabetes, or birth of a baby over nine pounds.
No assessment was made for physical inactivity. Risk factors
were assigned a value of 1 if they were present and a value of
0 if they were absent. The total number of risk factors was
summed for all participants. The PPV of a risk factor was cal-
culated by dividing the total number of diabetics in each risk
factor total category (true positives) by the total number of
individuals in each category (true positives + false positives).
The PPV of a risk factor for determining impaired glucose
metabolism was calculated by dividing the total number of
individuals with a FPG 25.6 mmol/L (100 mg/dL) and/or a
diagnosis of diabetes in each risk factor total category (true
positives) by the total number of individuals in each category
(true positives plus false positives).
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For the analysis of the euglycemics, all of
the nondiabetics with FPG <5.6 mmol/L
(100 mg/dL) were sorted by risk factor
total category, and the means of the
FPG were calculated for each category.
Analysis of variance (ANOVA) was used
to determine the probability that the
difference in the means arose by chance,
and was considered to be statistically
significant if p <0.05.

RESULTS

The participants were categorized
as normal, prediabetic, or diabetic,
and then sorted by risk factor total
(Table 1). Forty-six individuals were
classified as diabetics (6.9%); ten of
these were unaware of their potential
diabetic status. This compares well to
the national prevalence of 6.3% (%=
0.610, p = 0.7371).% All of the diabet-
ics had at least one risk factor: <1% of
the participants with one risk factor

were diabetic, and this increased to
4.3% with two risk factors, 8.1% with
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three risk factors, 20.3% with four risk
factors, and 54.5% with five risk fac-
tors. Only one participant had six risk
factors, and this person was diabetic.
The sensitivity of risk factor total to
predict diabetes in this population was
100% for > one risk, and dropped to
97.8% for = two risks. Low values of
risk factor total were nonspecific for
diabetes in this population, and gave
a high false positive rate. The PPV is
a statistic that correlates the number
of true positives with the number of
false positives, and is a better indica-
tor of the success of risk factor total in
identifying diabetics. The formulae for
calculating sensitivity, specificity, PPV
and PPN are shown in Figure 1. The
PPV of risk factor total for identify-
ing diabetics is depicted in Figure 2 as
closed squares.

The number of prediabetics was similar
to the national prevalence as well: 135

of the participants (20.4%) fell into

Risk factor total 0 1 2

Table 1. Risk factor total categories grouped by glycemic status

Normal 25 153 160
Prediabetic 0 15 39
Diabetic 0 1 9
Total 25 169 208

3 4 5 6 Total
102 36 4 0 480
57 23 1 0 135
14 15 6 1 46
173 74 11 1 661

Sengtivily
Specificity
Sensitivity of > 2 risk factors

Posilne Predicive Value
Megatve Predictive Value
FPVY of 2 risk factors

Figure 1. Formulae used for sensitivity and specificity

Sensitivity: % of the diabehcs (hat ane corectly dentfied by the criberia

PPV % of individuals in each categaory (risk factor fotal] that achually are diabetic

TPATP + FN) * 100
THATH « FP) * 100
45145 + 1) " 100 = 87.8%

TPATP + FP) * 100
IPU T # =) * 100
S+ 1549} " 100 = 4.3%

the newly defined range for prediabe-
tes. Participants with one risk factor
(8.9%) were prediabetic, increasing
to 18.8% with two factors, 32.9%
with three factors, 31.1% with four
factors and 9.1% with five factors.
The sensitivity of risk factor total to
predict prediabetes was 100% for >
one risk, and dropped to 88.9% for >
two risks. The PPV of risk factor total
for identifying individuals that have
impaired glucose metabolism, that is
those who are either prediabetic or
diabetic, is depicted in Figure 2 as
closed triangles.

The proportion of euglycemics in each
risk factor group steadily decreased as
the risk total increased, yet 49% of
the participants with four risk factors
and 36% with five risk factors were
euglycemic. Analysis of variance was
performed to examine the FPG mean
for each risk factor total. Figure 3
shows the mean FPG of the euglyce-
mics sorted by risk factor total. The
lowest FPG was found for individuals
with no risk factors (4.5 mmol/L or 83
mg/dL). The FPG mean increased with
the risk total to a high of 5.2 mmol/L
(95 mg/dL) in individuals with a five
total risk factors (p <0.0001).

DISCUSSION

This Caucasian population approxi-
mated the national trends for diabetes
and prediabetes, and showed that risk
factor total is a sensitive method to pre-
dict individuals at risk for diabetes. The
use of the risk total, however, showed
a poor PPV for diabetes because it is
nonspecific (Figure 2). For individuals
with as many as four risk factors only
20% were diabetic, and for individuals
with five risk factors 55% were dia-
betic. Risk factor total showed a better
PPV for impaired glucose metabolism,
that is either a FPG >5.5 mmol/L (99
mg/dL) or history of diabetes. The

VOL 18, NO 4 FALL2005 CLINICAL LABORATORY SCIENCE 223

G20z /T Keln uo /Bio’sjase’feuinolsiourewmy;/:dny wouy papeojumoq


http://hwmaint.clsjournal.ascls.org/

PPV was lowest for a total of one factor
(9.5%), and showed an almost linear
increase up to 60% for individuals
with five risk factors.

The American Diabetes Association
recommends that individuals 245
years old be screened for diabetes every
three years. Younger individuals should
be considered for screening if they are
obese or have any other ‘risk factors’."!
This leaves the decision to screen up to
the physician. If the physician chose to
screen all individuals with at least one
risk factor, all of the diabetics in this
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study group would have been identi-
fied (100% sensitivity); that approach
would have identified 100% of the
subjects who were prediabetic as well.
If, instead, the physician used the re-
quirement of two or more risk factors
before screening, he/she would miss

9.5% of the at-risk population.

Of the 25 individuals with no risk fac-
tors, all were euglycemic. This group
had the lowest mean FPG, 4.5 mmol/L
(83 mg/dL). It is interesting that the
mean FPG increased as the risk factor
total increased in the euglycemic sub-

Figure 2. Positive predictive value of risk factor total
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Figure 3. FPG increases with risk factor total in euglycemics

FPG mgldL
n

0 1

80

ﬂ g s i
80 I

5 - i : i

Risk Factor Total

3 4 5

224 VOL 18, NO 4 FALL2005 CLINICAL LABORATORY SCIENCE

jects, and suggests that the individuals
with a larger number of risk factors
may be on the verge of becoming
prediabetic. The recommendations for
screening do support more frequent
glucose testing in individuals who are
high risk."" It appears from this study
that more frequent screening of this
group is indeed prudent.'' It is pos-
sible that these individuals suffer from
impaired glucose tolerance, and would
be reclassified if they were tested by a
two-hour glucose tolerance test.”

The American Diabetes Association
Website offers a quiz to determine
at-risk individuals, using weight,
age, obesity, and physical activity as
major predictors for diabetes. The
present study did not assess physical
activity and treated all risk factors as
equivalent, but it was nevertheless able
to identify all subjects with impaired
glucose metabolism. One limitation of
this study is that there were relatively
few subjects who had no risk factors.
This study was performed on Cauca-
sians only, and other race groups may
show different results.

Many of the risk factors for diabetes are
beyond the control of the individual, for
example age, race, and family history.
Other factors like hypertension, GDM,
and dyslipidemias are in many instances
linked to overweight and obesity. It is
not surprising that there is a wave of
increased diabetes in the U.S. thatis con-
comitant with an increase in obesity.

Although the use of risk factor total
showed a poor PPV for identifying
diabetics in this study, it showed a
good PPV for identifying individuals
at risk for diabetes, both prediabetics
and euglycemics. The current recom-
mendation to screen all individuals
for diabetes at age 45 or younger if
they have one or more risk factors
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appears to be appropriate.'’ Based on this study, screening
individuals with one or more risk factors would result in
100% sensitivity for identifying individuals early who are at
risk for the microvascular and macrovascular complications
that are associated with hyperglycemia, and allow education,
intervention and follow-up.
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