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Abstract

In this article, we estimate national health care resource use and medical costs in 2007 associated with predia-
betes (PD), defined as either fasting plasma glucose between 100 and 125 or oral glucose tolerance test between
140 and 200.

We use Poisson regression with medical claims for an adult population continuously insured between 2004 and
2006 to analyze patterns of health care resource use by PD status. Combining rate ratios that reflect health care use
patterns with national PD prevalence rates from the National Health and Nutrition Examination Survey, we
calculate etiological fractions to estimate the portion of national health resource use associated with PD. The
findings suggest that PD is associated with statistically higher rates of ambulatory visits for hypertension; en-
docrine, metabolic, and renal complications; and general medical conditions. PD is associated with a slight
increase in visit rates for neurological symptoms, peripheral vascular disease, and cardiovascular disease, but the
increase is not statistically significant. There is no indication that PD is associated with an increase in emergency
visits and inpatient days. Extrapolating these patterns to the 57 million adults with PD in 2007 suggests that
national annual medical costs of PD exceed $25 billion, or an additional $443 for each adult with PD.

PD is associated with excessive use of ambulatory services for comorbidities known to be related to diabetes.
Our findings strengthen the business case for lifestyle interventions to prevent diabetes by adding additional
economic benefits that potentially can be achieved by preventing or delaying PD. (Population Health Management.
2009;12:157-163)

An estimated 57 million people in the United States
have prediabetes (PD), which is characterized by ele-

vated blood glucose levels with either fasting plasma glucose
between 100 and 125 or oral glucose tolerance test between
140 and 200.1 Concerns regarding PD have focused on its role
as a precursor to type 2 diabetes, a disease associated with
increased risk for cardiovascular disease, renal complications,
peripheral vascular disease, neurological complications, en-
docrine complications, and numerous other chronic health
problems.2–7

There is growing evidence that even slightly elevated
blood glucose levels, as is the case with PD, are associated
with higher medical costs8,9 and increased risk for certain
comorbidities of diabetes—coronary heart disease,10–14 reti-
nopathy,15,16 hypertension,17 and even mortality.18 With
nearly 1 in 4 adults (57 million out of 224 million) having PD,
even a slight increase in per capita health care use and dis-
ease risk has significant implications for the health system.

While recent work highlights the significant economic
burden associated with diabetes,19,20 few studies have in-
vestigated the economic burden of PD.8,9 We use recent
medical claims data to estimate per capita excess health care
use associated with PD, and combine this information with
national estimates of health care use and medical costs to
calculate national expenditures associated with PD. Such
cost information is paramount to understanding the business
case for interventions directed to improve prevention,
screening, and treatment associated with PD.

Research Design and Methods

This study uses a Cost of Diabetes Model, originally de-
veloped to quantify the national cost of diagnosed diabetes,
that contains estimates of national health care use and costs
for comorbidities of diabetes. The data sources and methods
used to develop this model, the national health care use and
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cost estimates in the model, and the etiological fractions used
to determine the proportion of national costs attributed to
diagnosed diabetes are described elsewhere.19 Following is a
description of the data and methods used to adapt this
model to quantify the national medical costs associated with
PD.

Data

The primary national data sources used are Census Bu-
reau population estimates for 2007; the 2003–2006 National
Health and Nutrition Examination Survey (NHANES) to
estimate national PD prevalence; and the 2003–2005 National
Ambulatory Medical Care Survey (NAMCS), the 2003–2005
National Hospital Ambulatory Medical Care Survey
(NHAMCS), and the 2003–2005 Medical Expenditure Panel
Survey to obtain national estimates of health resource use
and associated medical costs. These data sources are publicly
available and documented extensively.21

To calculate etiological fractions that reflect the proportion
of national health care use associated with PD, we require
estimates of the ratio of health care use for people with PD to
health care use for people without PD, adjusting for potential
confounders. To calculate these rate ratios, we analyze
medical claims in the Ingenix Research DataMart (RDM) for
a population of 3.5 million adults continuously insured from
January 1, 2004 to December 31, 2006. The RDM population
is largely commercially insured through UnitedHealth, al-
though the database contains beneficiaries of other com-
mercial and public insurers. Claim records for lab tests are
available for all beneficiaries; however lab results are avail-
able only for tests processed by 2 national lab vendors.
Among patients with no diagnosis of diabetes, a total of
796,487 patients had either a fasting plasma glucose (FPG) or
an oral glucose tolerance test (OGTT) in 2004 (with test re-
sults available for 10,502 patients). In 2005, a total of 782,521
patients without a diagnosis of diabetes had either a FPG or
an OGTT (with test results available for 11,406 patients).
Additional detail on the RDM population is provided in the
following section.

Identifying the PD and potential comparison groups

To estimate national PD prevalence, we identified people in
the NHANES with a FPG between 100 and 125 mg=dL.
NHANES is a stratified random sample of the US population,
and a FPG test is administered to a random subset of
NHANES participants. The latest wave of NHANES also
contains OGTT results for a sample of participants, but for
consistency with the Centers for Disease Control and Pre-
vention estimates, we use only FPG to estimate PD prevalence
for the adult population older than age 20.1 PD prevalence
rates are estimated by age, sex, and race=ethnicity (non-His-
panic white, non-Hispanic black, non-Hispanic other, and
Hispanic). We use age groups 20–34, 35–44, 45–54, 55–59, 60–
64, 65–69, and 70 and older. Prevalence rates are multiplied by
Census Bureau population estimates for 2007 to estimate the
total number of people with PD.

We used the same FPG threshold to identify individuals
with PD in the RDM. To increase the accuracy of patient
identification, we also use OGTT test results to capture in-
dividuals who would likely have been identified as having

PD if they had had a FPG test. According to the American
Diabetes Association Clinical Guideline, the comparable
threshold is OGTT between 140 and 200 mg=dL.22 People in
the RDM with an FPG or OGTT test result are a nonrandom
sample of the population. Among the population with a
glucose test, pregnant women and people with ophthalmic
complications are overrepresented, reflecting health care use
and referral patterns for glucose testing. We address the
nonrandom nature of the data in 2 ways. First, we use data
from one year (2004 or 2005) to categorize patients by PDM
status, and then use data from the following year (2005 or
2006) to analyze health care use patterns. Receiving a glucose
test is endogenous to health care use in the year the test is
administered. Second, we use Poisson regression analysis to
statistically control for differences in health care use patterns
among 5 mutually exclusive groups of patients:

� Group #1: Confirmed with PD (n¼ 1642 in 2004 and
n¼ 1923 in 2005): This population meets the clinical defi-
nition of PD as confirmed by at least 1 abnormal FPG or
OGTT test during the PD identification years (ie, 2004 or
2005). We exclude women with any gestational diabetes
diagnosis code (648.8x).

� Group #2: Presumed no PD (comparison group 1; n¼ 8860
in 2004 and n¼ 9483 in 2005): This group consists of people
with FPG below 100 mg=dL or OGTT below 140 mg=dL in
the PD identification years. This group overrepresents
pregnant women who receive a glucose test as part of
normal prenatal care, and could possibly overrepresent
those at high risk for diabetes whose physicians re-
commended a glucose test, as well as those who are more
likely to seek medical services. To the extent that this
comparison group uses more health care services than the
typical non-PD person, comparing health care use patterns
for this group to the confirmed PD group could bias to-
ward 0 estimates of health care use associated with PD.

� Group #3: Had FPG, but no results available (comparison
group 2; n¼ 785,985 in 2004 and n¼ 771,115 in 2005): This
group consists of nondiabetic individuals who had at least
1 FPG or OGTT test, but test results are unavailable in the
RDM database. This group is contaminated by those who
would have been identified as PD if their test results were
estimates of health care use associated with PD.

� Group #4: Patients with diagnosed diabetes (comparison
group 3 used for validation; n¼ 278,257): This group con-
sists of people with any ICD-9 diagnoses of 250.x or HbA1c
test result that exceeds 7.0% during the 2004 to 2006 period.

� Group #5: No glucose test (comparison group 4; n¼
2,448,775 in 2004 and n¼ 2,462,721 in 2005): This group
consists of nondiabetic individuals who had no FPG or
OGTT test in 2004 or 2005. This group is contaminated by
the presence of people with PD who did not have a glucose
test in 2004 or 2005; comparing PD health care use to this
comparison group could bias low estimates of excess
health care use associated with PD.

Analysis of health resource care use patterns

We used Poisson regression to analyze patterns of health
care resource use associated with neurological symptoms,
peripheral vascular disease, cardiovascular disease, renal
complications, endocrine complications, ophthalmic compli-
cations, and other complications of diabetes. The diagnosis
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codes used to define these complication categories are
described elsewhere.19 In addition, we analyze an ‘‘other’’
category that includes care provided for all reasons not in-
cluded in the 8 categories previously specified but excluding
care associated with injuries and pregnancy.

For each comorbidity group we estimate separate regres-
sions for ambulatory visits, emergency visits, and inpatient
days. Poisson regression allows us to isolate the relationship
between PD status and health care service use, controlling
for other determinants of health care use. The estimating
equation is:

Log(annual visitsi)¼ b0þ b1 · PDiþ b2 · Gr1iþ b3 · Gr2i

þ b4 · Gr3iþ b5 · controli

where PD, and Gr1 through Gr3 are dichotomous variables:
PD¼ 1 if identified with PD in identification year and 0
otherwise; Gr1 through Gr3 correspond to being in com-
parison groups 1 through 3 (1 in comparison group, 0 oth-
erwise). Comparison group 4 has been omitted as the
reference group. The row vector controli represents an array
of dichotomous variables indicating age group, sex, health
insurance type (either commercial or public), Census region,
year, and the presence of select diabetes complications and
costly health conditions during the PD identification year (ie,
peripheral vascular disease, cardiovascular disease, hyper-
tension, endocrine complications, ophthalmic complications,
pregnancy, neoplasm, HIV=AIDS, and organ transplanta-
tion).

In addition to regressions that included all 3.5 million
adults, to test the sensitivity of our findings we estimated
separate regressions for males, non-pregnant females, and
pregnant females.

Estimating attributable cost

The data and methods used to calculate national estimates
of health care use (eg, ambulatory visits, medications), by
diagnosis category, are described elsewhere.19 The approach
combines per capita estimates of physician office visits (from
the NAMCS) and outpatient visits (from the NHAMCS) with
Census Bureau population estimates for 2007 by age and sex.
We use the primary diagnosis code to place the visit into one
of the 8 aforementioned diagnosis categories.

We calculate etiological fractions to determine the portion
of national visits associated with PD.23 Health care use at-
tributed to PD is calculated as the proportion of visits in-
curred (I) by people with PD minus the visits that are likely
to have occurred even in the absence of PD. To derive these
estimates from national totals, we must also determine the
proportion of visits incurred by people with diagnosed dia-
betes mellitus (DDM) and undiagnosed (UDM) diabetes
mellitus. The DDM population is defined as individuals with
an FPG that exceeds 125. UDM is defined as unknowingly
having elevated glucose levels that meet the definition of
diabetes.

The Poisson regressions, described later, produce rate ra-
tios (RR) that reflect the ratio of annual ambulatory visits
(visits) for people with PD compared with people with
assumed normal glucose levels (NGL). Estimates of preva-
lence and rate ratios for DDM come from work by Dall et al19;
rate ratios for UDM come from other work by the authors.24

Combining rate ratios and prevalence rates (P), we calculate
etiological fractions (e) for PD by age group, sex, and com-
plication group:

ePDM¼ (1� IDDM� IUDM)·
(RRPDM�1) · PPDM

1� (PDDMþPUDM)þ (RRPDM�1) · PPDM

where

IDDM¼
RRDDM · PDDM

1þ (RRDDM� 1) · PDDM

IUDM¼ (1� IDDM) ·
RRUDM · PUDM

1�PDDMþ (RRUDM� 1) · PUDM

RRDDM¼
VisitsDDM

VisitsUDMþPDMþNGL

RRUDM¼
VisitsUDM

VisitsPDMþNGL

and

RRPDM¼
VisitsPDM

VisitsNGL

Multiplying total visits and the etiological fractions pro-
duces estimates of excess visits associated with PD by de-
mographic and complication group. Estimates of the national
average cost (including pharmaceuticals) associated with
each visit, by complication group, are estimated using the
Medical Expenditure Panel Survey and are described else-
where.19

Results

When multiplied by population estimates for 2007 from
the Census Bureau, PD prevalence rates from the NHANES
suggest there are 57 million adults living with PD. Pre-
valence rates vary by demographic, ranging from approxi-
mately 9% for women age 20–34 to over 42% for males age 65
and older.

The RDM data contain 10,502 people with a glucose test
result in 2004 in the normal or PD range. This represents only
0.3% of the analyzed population. The comparison group (ie,
those with no test or no test results) therefore contains a
significant number of people with PD (which could bias to-
ward 0 the estimates of differences between the PD and
comparison groups). Pregnant women are overrepresented
in the population receiving a glucose test in 2004; they con-
stitute 6% of the population who test positive for PD and
14.7% of the population who test negative for PD. Women
with a glucose level indicating gestational diabetes are ex-
cluded from the analysis (Table 1).

The Poisson regression analysis suggests that PD is asso-
ciated with increased ambulatory visits, but we found no
consistent evidence of an association between PD and in-
creased risk of emergency visits and inpatient days. Conse-
quently, we assume PD is not associated with medical
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services that might stem from emergency visits and hospi-
talizations (eg, hospice care, nursing home care, home care).

Regression coefficients in the form of rate ratios are re-
ported in Table 2. A coefficient greater than 1 implies an
increased rate of health care use associated with that char-
acteristic. The increase in per capita ambulatory visits from
PD for the 7 complication categories is slight, and for some
complication groups the increase is not statistically signifi-
cant (Table 2). With the exception of hypertension and
endocrine-related care, we observed a dose-response rela-
tionship by comparison group, where people diagnosed with
diabetes have the greatest adjusted rates for ambulatory
visits in the follow-up year, followed by individuals who had
at least 1 glucose test, and individuals who had no test.
People who had a glucose test in the year preceding analysis
of medical claims, regardless of the results, have higher rates
of health care use than the population who did not have a
glucose test, even after controlling for baseline health status,
demographics, and other factors.

We use the adjusted rate ratio between confirmed PD and
the reference group (ie, individuals without either diabetes
diagnosis or glucose test) to calculate the incremental am-
bulatory visits associated with PD. Patients with confirmed
PD have approximately 34% more ambulatory visits per year
compared to the reference population—ranging from 9%

more visits for cardiovascular disease and peripheral vas-
cular disease to 92% more visits for hypertension.

The additional visits associated with PD translate into
approximately 1 additional physician office visit per year,
1=10th of an additional hospital outpatient visit per year, and
2.7 additional prescriptions per year—for a total additional
cost of $443 per case of PD (Table 3). The majority of PD-
associated costs per year are for general medical conditions
that are not identified comorbidities of diabetes ($355), fol-
lowed by hypertension ($57), endocrine and metabolic
complications ($11=person year), and renal complications
($9=person year) (Table 3).

Extrapolated to the national level by patient demograph-
ics, the national cost of PD would exceed $25 billion, with
about $21 billion associated with general medical conditions
not directly linked to diabetes. For diagnosed diabetes, ap-
proximately one third of the cost of ambulatory care asso-
ciated with diabetes is attributed to excess visits for general
medical conditions.19 Close to half of the total cost is in the
form of medications prescribed during ambulatory visits.

Discussion

Our findings differs from those of Nichols et al who report
that predicted impaired glucose tolerance is associated with

Table 1. Sample Summary Statistics for Three-Year Continuously Insured Individuals in RDM

as of 2004 Baseline Identification Period

Test positive
for PD

Test negative
for PD

Glucose tested,
results unavailable1

Established
diabetes

No glucose
test

Number of RDM Individuals 1,642 8,860 785,985 278,492 2,448,775
Age group

20–34 37.0% 36.0% 47.4% 7.6% 18.6%
35–64 49.8% 57.7% 50.1% 57.6% 64.7%
65þ 13.2% 6.3% 2.4% 34.8% 16.7%

Gender
Female 52.3% 15.2% 9.5% 52.0% 42.6%
Male 47.7% 84.8% 90.5% 48.0% 57.4%

Region
Northeast 21.7% 20.3% 24.5% 12.0% 9.6%
Midwest 16.6% 17.0% 14.7% 30.9% 29.6%
South 59.1% 59.7% 58.6% 45.3% 46.9%
West 2.6% 2.9% 2.2% 11.7% 13.9%

Insurance type
Private 99.6% 99.7% 99.9% 96.5% 97.6%
Medicaid 0.4% 0.3% 0.1% 3.5% 2.4%

Health status at baseline
Pregnant 6.0% 14.7% 19.7% 1.2% 1.9%
Have neoplasm 12.8% 19.3% 18.2% 22.8% 22.3%
Have HIV=AIDS 0.4% 0.2% 0.3% 0.3% 0.5%
Have organ transplantation 0.0% 0.0% 0.0% 0.2% 0.1%
Have peripheral vascular disease 0.9% 1.8% 1.5% 4.7% 2.4%
Have cardiovascular disease 7.7% 5.4% 2.6% 15.0% 7.4%
Have hypertension 20.0% 12.1% 5.9% 28.9% 20.0%
Have endocrine or metabolic
complications

15.7% 13.3% 8.3% 25.5% 24.4%

Have ophthalmic complications 5.5% 3.7% 2.8% 15.6% 6.7%

1The research team obtained lab results from only 2 national lab vendors.
RDM, Research DataMart; PD, prediabetes.
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a significant increase in hospital inpatient days but only a
modest increase in ambulatory visits.9 The increase in hos-
pital days observed by Nichols et al, however, disappears
after controlling for hypertensive status.

The lack of statistical significance for some complication
groups, despite the consistent pattern of higher rates of visits
for people with PD, is not surprising for several reasons,
including: (1) PD is hypothesized to be associated with the
early stages of diabetes-related complications, therefore the
magnitude of PD’s impact on health care use is anticipated to
be modest; (2) the comparison group is contaminated in that
it contains people with PD for whom there is no glucose test
result in the baseline year; and (3) visit rates for some com-
plication groups are relatively low, so modest differences in
health care use patterns are undetectable due to insufficient
sample size.

For one complication group—ophthalmic complications—
the visit rates for people with PD are lower than the rate for
those with confirmed normal glucose levels. This unexpected
finding may reflect an artifact of referral patterns by oph-
thalmologists for patients with ophthalmic problems. PD is
associated with higher visit rates for general medical condi-
tions even controlling for the presence of major chronic
conditions at baseline.

Our estimate is likely conservative for several reasons. The
comparison group includes people with PD who did not
have a glucose test in 2004 (and who thus, by default, are
placed in the comparison group).

These cost estimates understate the true cost of PD to so-
ciety, as higher use of health care services and prevalence of
chronic conditions such as cardiovascular disease are associ-
ated with increases in missed work days and lower produc-
tivity.25–28 Additionally, health problems associated with PD
may result in intangible costs such as reduced quality of life.

In addition to the data limitations above that make the PD
cost estimates conservative, study limitations include the
following:

� The elderly, the uninsured, and the publicly insured are
underrepresented in the medical claims analysis—although
the regression analysis does control for insurance type, age
group, and other health and demographic factors correlated
with the elderly and publicly insured populations.

� We did not control for body weight status in the multi-
variate regression analyses. This presents challenges to
isolate the impact of glucose intolerance on health out-
comes independent of the changes in health outcomes via
pathways other than PD. The regression analysis does
control for hypertension status at baseline (which is highly
correlated with body mass index).29

These limitations and gaps in the literature suggest areas
for additional research.

We compare use of medical services by people with PD to
people with normal glucose levels. Research using a more
continuous measure, such as actual glucose test results,
could better determine whether there is a dose-response re-
lationship between level of glucose impairment and use of
health care services.

Although this study found no association between PD and
increased use of emergency or hospital inpatient services,
additional research with a larger sample is needed to verify
this finding.

Small sample size limited the calculation of visit rate ratios
by PD status across beneficiary characteristics (age in par-
ticular). Future research might explore the interaction be-
tween PD and other beneficiary characteristics including
demographics and the presence of other complications.

Conclusions

The findings suggest that PD is associated with statisti-
cally higher rates of ambulatory visits for hypertension, en-
docrine and metabolic complications, renal complications,
and general medical conditions. PD is associated with a
slight increase in visit rates for neurological symptoms, pe-
ripheral vascular disease, and cardiovascular disease, but the
increase is not statistically significant. There is no indication
that PD is associated with an increase in emergency visits
and=or inpatient days. Extrapolating these patterns to the 57
million adults with PD in 2007 suggests that national medical
costs of PD could exceed $25 billion, or approximately $443
per adult with PD.

Research suggests that PD is associated with an increased
risk of developing diabetes.2–7 Whereas adults in the United
States with normal glucose levels have a 0.7% average an-
nual risk of developing type 2 diabetes,2 this risk rises to
between 10% and 15% for those with PD.3–5 As many as 83%
of persons with impaired glucose tolerance will eventually
develop diabetes, barring a lifestyle intervention such as
weight loss, but this lifetime risk falls to 65% among persons
who lose weight and engage in moderate physical activity.6,7

Our findings strengthen the business case for lifestyle inter-
ventions targeted at preventing diabetes by adding addi-
tional economic benefits that can potentially be achieved by
preventing or delaying PD cases.
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Table 3. Per Capita Ambulatory Medical Costs

for the Adult Population in 2007

Cost Component
US Average
for Adults

Excess
Associated
with PD

By service type* $1,296 $443
Outpatient visit $215 $67
Physician office visit $553 $183
Medications $528 $194

By complication group* $1,296 $443
Neurological symptoms $16 $5
Peripheral vascular disease $15 $1
Cardiovascular disease $49 $5
Hypertension $74 $57
Renal complications $21 $9
Endocrine=metabolic
complications

$16 $11

Ophthalmic complications $41 $0
All other medical conditions
(excluding pregnancy
and injury related visits)

$1,017 $355

*Numbers may not sum to totals because of rounding.
PD, prediabetes.
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