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From the Editor:

As part ojour mission to provide a jorum in which important issues in Diabetes Care can be raised and discussed, the editors have invited two

leading experts to address the issue of screening for N1DDM. We are delighted to publish below the resulting, thoughtful, viewpoints ojDrs.

Maureen Harris, Michaela Modan, and William Knowler. Please let us know whether you feel this new format is helpful and what issues you

would like addressed in a similar manner by writing to Allan L. Drash, M.D., Editor, Diabetes Care (Personal Views), Children's Hospital of

Pittsburgh, 3705 Eifth Avenue, Rangos Research Center, Pittsburgh, PA 15213.

Screening for NIPPM
Why is there no national program?
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N on-insulin-dependent diabetes
mellitus (NIDDM) is a major clini-
cal and public health problem in

the U.S. The prevalence of NIDDM is 7%
among all adults and reaches over 20%
among those 65-74 years of age (1-3).
NIDDM and insulin-dependent diabetes
mellitus (1DDM) combined account for
50% of all nontraumatic amputations in
the U.S., 15% of all blindness, and 35% of
all end-stage renal disease (4). At least
50% of these events occur in NIDDM pa-
tients (5-7). Prevalence of neuropathy
and ischemic heart disease in NIDDM and
risk of death from cardiovascular disease
is two to three times that of those without
diabetes even after adjusting for other risk
factors (8-13). Diabetes is estimated to
cost the nation over $100 billion annually
(14). Despite this profound impact, it is
estimated that half of all NIDDM remains
undiagnosed and, consequently, un-

treated (15). A concerted national effort to
screen for undiagnosed NIDDM does not
exist. This situation is in marked contrast
to that of undiagnosed hypertension, un-
diagnosed hyperlipidemia, and undiag-
nosed breast cancer, for which major na-
tional programs have been instituted.

Diagnosis of NIDDM defines a
group at high risk for micro- and macro-
vascular disease. The diagnostic criteria
were established by the U.S. National Di-
abetes Data Group (NDDG) and the
World Health Organization (WHO) in
1979-1980 (16,17). They were devel-
oped from long-term population-based
studies in which individuals were admin-
istered a 2-h oral glucose tolerance test
(OGTT) at baseline and were followed
prospectively for deterioration of glucose
tolerance and development of diabetes
complications. The sentinel findings from
these studies were that populations with
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high prevalence of NIDDM had a bimodal
distribution of 2-h postchallenge plasma
glucose, with the antimode at —11.1 mM.
In addition, micro vascular complications
specific to diabetes did not develop or
were rare in subjects whose fasting
plasma glucose (FPG) was <7.8 mM or
whose 2-h postchallenge glucose was
<11.1 mM. Subjects with fasting values
^7.8 mM or 2-h postchallenge values
^11.1 mM were at high risk for diabetic
retinopathy and nephropathy. Based on
this risk for micro vascular complications,
the NDDG and WHO established the cri-
teria of FPG >7.8 mM or 2-h postchal-
lenge glucose >11.1 mM after a 75-g
OGTT as the diagnostic criteria for diabe-
tes in asymptomatic subjects. Both the
NDDG and WHO criteria require a repeat
determination of FPG or postchallenge
plasma glucose for a definitive diagnosis
of diabetes; that is, in an asymptomatic
patient the diagnosis cannot be made
with a single glucose result. (For patients
with symptoms of diabetes, a single ele-
vated blood glucose value was considered
sufficient for confirmation of the diagno-
sis.) The NDDG suggested that a mid-test
OGTT value be ^11.1 mM, but essen-
tially all people meeting the 2-h criteria
also meet this mid-test requirement (1).
The recommendations of the NDDG and
WHO have been accepted and endorsed
by the American Diabetes Association and
other national diabetes organizations rep-
resenting the scientific bodies most con-
cerned with diabetes.

Subsequent studies using these
criteria have found that NIDDM onset oc-
curs ~10 years before clinical diagnosis
in populations that are not screened for
diabetes (18). Micro- and macrovascular
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complications begin to develop before di-
agnosis, and considerable morbidity ex-
ists in individuals with undiagnosed
NIDDM. For example, diabetic retinopa-
thy is estimated to become evident ~7
years before diagnosis of NIDDM (18),
during which time no therapy is offered
for the hyperglycemia that is the major
risk factor for retinopathy and other mi-
cro vascular complications. Retinopathy is
present in 10-29% of patients at clinical
diagnosis of NIDDM (18-22). Proteinuria
has been found in 10-37% of newly diag-
nosed patients (23-25). Macrovascular
disease risk factors and macrovascular
disease are present even earlier, at the
stage of impaired glucose tolerance
(26,27). Synergism has been documented
between diabetes and macrovascular dis-
ease risk factors, such that the adverse ef-
fect of diabetes on coronary heart disease
is increased disproportionately in the
presence of other risk factors (28,29). In
adults with undiagnosed NIDDM in the
U.S., prevalence of abnormal heart find-
ings (22%), coronary heart disease
(19%), peripheral vascular disease (10%),
and neuropathy (9%) were similar to that
found in established diabetes (15,26).
Among newly diagnosed NIDDM cases in
Finland, peripheral arterial disease was
present in 20% and coronary heart dis-
ease in 59%, both of which were consid-
erably more frequent than in nondiabetic
control subjects (30,31). Risk factors for
these complications are very common
and are often found as frequently as in
diagnosed NIDDM (15,26,30-36).
Among adults with undiagnosed NIDDM
in the U.S., prevalence of hypertension is
61%, hypercholesterolemia is 49%, low-
density lipoprotein cholesterol >160
mg/dl is 40%, hypertriglyceridemia is
28%, obesity is 50% for males and 82%
for females, and cigarette smoking is 32%
(15). Clearly, NIDDM is being detected
late in the natural history of the disease,
when metabolic derangements are al-
ready established and clinical manage-
ment is more difficult.

Despite the development of diag-
nostic criteria for NIDDM based on risk of

complications, the worldwide endorse-
ment of these recommendations by the
diabetes community, and the high mor-
bidity rates in patients with undiagnosed
NIDDM, it appears that clinicians are not
actively screening for the disease, because
~7 million adults may have undiagnosed
NIDDM in the U.S. (2,15).

Screening for a disease implies
identification, for the purpose of inter-
vention, of individuals who are unaware
of having the disease. Three major ques-
tions must be considered for NIDDM
screening: J) Is undiagnosed NIDDM
clinically important, conveying increased
risk for morbidity and mortality?; 2) Is
screening beneficial for patients at risk of
diabetes?; and 3) What is the most effec-
tive screening method?

We have presented evidence
above, garnered from numerous studies,
that undiagnosed NIDDM probably has
its onset ~10 years before clinical diag-
nosis, that individuals with undiagnosed
NIDDM have a substantial prevalence of
micro- and macrovascular complications,
and that risk factors for these complica-
tions are very frequent in these individu-
als.

It has been argued that screening
for asymptomatic NIDDM is unnecessary,
because there is no proven benefit in its
early detection (37,38), although others
have refuted this argument (15,39). This
opposition to screening is based primarily
on the fact that controlled intervention
studies demonstrating the effectiveness of
treatment for hyperglycemia in reducing
or preventing complications in NIDDM
have not yet been conducted. However,
such conclusive evidence for IDDM has
been presented recently. The Diabetes
Control and Complications Trial showed
substantial reductions in retinopathy, ne-
phropathy, neuropathy, and macrovascu-
lar disease events with intensive therapy
to control blood glucose (40). Impor-
tantly, the rate of progression of retinop-
athy decreased continuously with de-
creasing glycemia, which suggests that
any improvement in glycemic control will
be beneficial (41). A similar reduction of

complications through control of hyper-
glycemia can likely occur in NIDDM. A
large body of evidence has established
that hyperglycemia is the proximate cause
of the microvascular and neuropathic
complications of diabetes, regardless of
the type of diabetes. Substantial hypergly-
cemia is found in subjects screened by
OGTT and discovered to have NIDDM.
The mean FPG level is 7.6 mM, and the
mean 2-h postchallenge glucose level is
14.6 mM. Over 31% have FPG >7.8 mM,
and 45% have postchallenge glucose
>13.9 mM (15). If such values were
found in a patient with known diabetes,
the clinician would surely institute hypo-
glycemic treatment, either by dietary
therapy or oral agents.

Substantial additional evidence
indicates that intervention and treatment
will improve the prognosis of individuals
who are screened and found to have
NIDDM. Weight reduction, appropriate
diet composition, and increased physical
activity will improve glucose tolerance
(42-50), reduce blood pressure (47,51-
53), and correct lipoprotein abnormali-
ties (42,54-57). Dietary management and
treatment of hypertension may prevent or
even reverse diabetic nephropathy (58-
60), and blood pressure control can pre-
vent cerebrovascular complications
(61,62). Cessation of cigarette smoking is
accompanied by improved lipoprotein
profile and cardiovascular risk (63,64).
Thus, the evidence strongly indicates that
early detection and intervention with
diet, weight control, exercise, and medi-
cation to reduce blood glucose, blood
pressure, and hyperlipidemia will im-
prove prognosis in NIDDM. Most impor-
tantly, if the clinician is aware that the
patient has diabetes, it is likely that a
more aggressive program for treatment
and reduction of micro- and macrovascu-
lar risk factors will be pursued.

The OGTT is the internationally
recognized standard for diagnosing
asymptomatic diabetes (16,17), but the
perceived complexity of the OGTT seems
to make it an unpopular test, and fasting
or casual glucose is preferred. These latter
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are unsatisfactory tests for screening.
Only ~ 3 1 % of diabetes cases are detected
when FPG ^7.8 mM is used; screening
using lower fasting cutoff values results in
undesirably low specificity and positive
predictive value (this issue, M. Modan,
M.I. Harris, p. 436-439). Casual blood
glucose cannot be standardized with re-
spect to detecting diabetes because of the
considerable fluctuations of plasma glu-
cose levels according to time since the
previous meal and the unstandardized
content of the meal, and thus it provides
potentially misleading information to the
clinician about the patient's glycemia.
Glycosylated hemoglobin has the same
advantage as fasting glucose in that it re-
quires minimal patient cooperation and is
not affected by time of day or recent food
intake; however, it is unsatisfactory for
screening because of the considerable
overlap between diabetic and nondiabetic
groups in its distribution (65-69). We be-
lieve the OGTT should be endorsed as the
primary screening method because the
complexity of this test is more than bal-
anced by its sensitivity, specificity, and
positive predictive value. This complexity
may be merely a perception, because only
a single 2-h postchallenge glucose mea-
surement is needed for screening pur-
poses. FPG, however, may detect a group
of N1DDM patients at higher risk for com-
plications than those with postchallenge
hyperglycemia alone.

We believe that screening for
N1DDM is an important health promoting
measure. This is particularly true for
obese and hypertensive patients who are
at high risk for N1DDM. Moreover, pa-
tients with both diabetes and hyperten-
sion are at the highest risk for developing
micro- and macrovascular complications,
and early follow-up and treatment of
these individuals is essential. In commu-
nity screening programs where consider-
ations of cost and efficiency are impor-
tant, restricting screening to individuals
who are obese and/or hypertensive might
be considered. In the clinical setting, it is
important to incorporate periodic screen-

ing for diabetes into routine follow-up of
at-risk patients.

Treatment for newly diagnosed
patients should include a program of diet,
physical activity, weight maintenance/
reduction, and hypoglycemic medication
to address the patient's hyperglycemia
and insulin resistance. Vigorous attention
should be paid to the treatment of risk
factors for micro- and macrovascular dis-
ease including hyperglycemia, hyperten-
sion, dyslipidemia, obesity, and cigarette
smoking.
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