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OBJECTIVE. To determine the value of using risk fac
tors to decide which patients should undergo serum 
screening for type 2 diabetes.

SEARCH STRATEGIES. The MEDLINE and EMBASE 
electronic databases were searched for original studies 
of screening for type 2 diabetes on the basis of risk fac
tors. The reference lists of all reviews, letters, editorials, 
consensus statements, and guidelines for diabetes 
screening were searched for additional studies. The 
Cochrane database was also searched for relevant 
reviews.

SELECTION CRITERIA. All original studies regarding 
selective serum screening for type 2 diabetes on the 
basis of risk factors were included.

MAIN RESULTS. Seven studies were selected for

review. Three studies were cross-sectional in design; 3 
employed survey data to develop computerized statis
tical models that used risk factors to identify cases of 
type 2 diabetes; and 1 used a similar method, but the 
resulting model was field tested in a separate popula
tion. No study describes a risk-factor-based method or 
instrument that helps substantially in the diagnosis of 
type 2 diabetes.

CONCLUSIONS. Selective screening for type 2 dia
betes on the basis of risk factors cannot be recom
mended. Serum screening can be offered to patients 
who present with typical symptoms of diabetes.

KEY WORDS. Diabetes mellitus, non-insulin-depen- 
dent; mass screening; review literature. (J Fam Pract 
1999; 48:805-810)

CLINICAL QUESTION Should risk factors for 
type 2 diabetes be used as a diagnostic 
screening tool to decide who should undergo 
subsequent blood glucose testing?

Diabetes is responsible for half o f  all nontraumatic 
amputations, 15% o f blindness, and more than a third o f 
all end-stage renal disease. The costs attributed to this 
disease total more than $100 billion annually.1

Identifying new patients with diabetes has always 
been a challenge. The third National Health and 
Nutrition Examination Survey (NHANES III)2 revealed 
that roughly 35% o f the people with type 2 diabetes 
remains undiagnosed. This suggests that universal 
screening might be prudent. Several studies, however, 
have shown that the yield from universal serum screen
ing in specific populations is low.3'5 Because o f this low  
yield and because the risk factors for type 2 diabetes are 
well known (Table 1), selective serum screening on the 
basis o f  risk factors is widely recommended.wo

The goal o f  this paper was to determine the useful
ness o f the assessment o f risk factors as a tool to decide
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who should undergo serum screening. Different investi
gators and organizations use slightly different serum 
tests and definitions to rule out or confirm the presence 
o f type 2 diabetes. This paper does not address the per
formance o f different blood tests (eg, fasting blood glu
cose, oral glucose tolerance test) or different definitions 
o f type 2 diabetes.

METHODS

The MEDLINE and EMBASE electronic databases were 
searched for the years 1966 to 1998, using the medical sub
ject headings “diabetes mellitus” and “mass screening.” 
The search was then limited to English language papers 
dealing with human subjects. Resulting sets were com
bined. Titles o f all papers in the combined set for each 
database were surveyed. Original studies, regardless o f 
design, that deal specifically with the use o f  risk factors to 
screen and identify patients with type 2 diabetes were 
included. Reference lists o f all publications including orig
inal studies, letters, commentaries, guidelines, and reviews 
were surveyed for relevant original studies. The Cochrane 
Database o f Systematic Reviews was searched for rele
vant reviews.

Selected studies were assessed for validity using the 
“Users’ Guide to the Medical Literature.”11 The results o f all 
studies were reviewed, regardless o f shortcomings in 
validity (Table 2).
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Risk Factors for Type 2 Diabetes

Aged older than 45 years 
Ethnicity*
Obesity
Hypertension
Family history of diabetes in first-degree relatives 
Low HDL cholesterol level or high triglyceride levelf 
History o f gestational diabetes mellitus 
Previous impaired glucose tolerance:):

From: Harris Ml, Flegal KM, Cowie CC, et al. Prevalence of diabetes, 
impaired fasting glucose, and impaired glucose tolerance in U.S. 
adults: the third national health and nutrition examination survey, 
1988-1994. Diabetes Care 1998; 21:518-24.
‘Type 2 diabetes is more common among Mexican Americans (1.9 
times) and African Americans (1.6 times) than among non-Hispanic 
whites.
fDefined as HDL<34.8 mg/dL (0.9 mM) or triglyceride level >248.2 
mg/dL.
fiDefined as fasting blood glucose between 110 and 128 mg/dL 
(6.1 - 7.1 mM) or 2-h post 75-g glucose load between 140 and 200 
mg/dL (7.8 -11.1 mM).
HDL denotes high-density lipoprotein.

RESULTS

A  total o f  346 citations were retrieved from MEDLINE by 
combining the sets for “diabetes mellitus” and “mass 
screening” and limiting the search to English language 
papers dealing with human subjects. Review o f the titles 
revealed 23 papers that specifically addressed the strategy 
o f serum screening on the basis o f risk factors. All 23 were 
retrieved; 7 were original studies. Searches o f the 
EMBASE database, The Cochrane Database o f Systematic 
Reviews, and reference lists o f  all papers did not yield 
additional studies.

Three o f  the 7 studies were cross-sectional in design. 
Three other studies used data from health surveys to 
develop computerized models designed to predict the 
presence o f diabetes on the basis o f risk factors. The final 
study used a similar design, but the resulting model was 
then tested in a population different from that in which it 
was developed.

Four o f  the studies used a combination o f risk factors 
and symptoms o f diabetes (eg, polyuria). The use o f symp
toms in combination with risk factors does not precisely fit 
the question addressed by this paper. So few  studies 
address the use o f risk factors alone, however, that these 
studies were also included. Table 3 provides a summary o f 
the results.

Cross-Sectional Studies
Duncan, Linville, and Clement1- measured the risk factors 
and blood glucose levels o f 575 self-selected participants 
in a screening program to test the strategy recommended 
by the American Diabetes Association (AD A )6 o f screening

only those patients with 1 or more risk factors for diabetes. 
It is unknown whether blood glucose levels were mea
sured by independent blind investigators without knowl
edge o f  each patient’s risk factors. The authors describe 
blood glucose test results only as “normal” or “abnormal.” 
It is not specified whether fasting or random blood glucose 
levels were used and what level was considered abnormal 
or diagnostic o f  diabetes. The demographic characteristics 
o f the patients were not described. Blood glucose testing 
was done on all subjects, regardless o f whether risk fac
tors were present. Only patients with abnormal results 
were followed up to determine which o f them were even
tually diagnosed with type 2 diabetes. The validity o f this 
study, therefore, is questionable, as the standards used for 
abnormal and normal blood glucose levels and the charac
teristics o f the patients studied are unclear.

Among 575 screening participants, 383 had 1 or more 
risk factors. Fifty-one glucose measurements were consid
ered abnormal: 16 in patients without risk factors and 35 in 
patients with 1 or more risk factors. The likelihood ratio 
(LR ) for a positive or “at risk” questionnaire (LR+) was 
1.05; for a negative questionnaire (LR-), it was 0.93. Follow
up o f only those patients with abnormal blood glucose 
results over 1.8 years revealed that 21 (41%) had confirmed 
diabetes: 15 with one or more risk factors and 6 with none. 
Performing blood glucose testing in only patients with 1 or 
more risk factors would have missed at least 6 o f  21 or 29% 
o f all cases o f confirmed diabetes. As diabetes was not 
ruled out or confirmed in the patients without abnormal 
blood glucose concentrations, it is unknown how many 
cases were missed in that population.

The ADA has developed questionnaires13 from which 
risk o f  diabetes is calculated as a composite score. 
McGregor and colleagues14 studied the performance o f 1 of 
these questionnaires in a screening program. This ques
tionnaire combines assessment o f risk factors with ques
tions about diabetic symptoms, such as fatigue and thirst, 
to generate a total score. Questionnaires were mailed to 
and completed by 349 individuals aged older than 60 years 
in Everett, Washington. Only those individuals identified 
as “high risk” by the questionnaire were offered follow-up 
fasting blood glucose testing. This study also falls short of 
the validity criteria o f the “Users’ Guide to the Medical 
Literature.” An independent nonblinded comparison was 
made between at-risk questionnaires and the widely 
accepted diagnostic standard o f fasting blood glucose. The 
patients were older community residents who would like
ly be candidates for diabetes screening. The risk assess
ment instrument is widely available and easy to use. 
Unfortunately, blood glucose testing was not performed 
on all subjects regardless o f their assessed risk. This 
makes it impossible to assess the likelihood o f diabetes 
among those patients with negative questionnaire results.

One hundred eighty-one o f the 349 completed ques
tionnaires indicated patients as high risk. One hundred 
ten o f these patients underwent fasting plasma glucose 
(FPG ) testing. Eleven (10%) had FPG values that exceed-
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TABLE 2 ________________________________

Validity Assessment of Studies Included in Review

Criteria*

Duncan,
Linville,
& Clement12

McGregor 
et al14

Burden 
& Burden15

Herman 
et al15

Barriga 
et al18

Azzopardi 
et al19

Ruige 
et al20

Was there an 
independent blind 
comparison with a 
reference standard?

Unknown No No No No No Unknown

Did the patient 
sample include an 
appropriate spectrum 
of patients to  whom 
the diagnostic test will 
be applied in 
clinical practice?

Unknown Yes Yes Yes Yes Yes Yes (but 
no racial 
minority 
groups)

Did the results of 
the test being 
evaluated influence 
the decision to 
perform the reference 
standard?

No Yes No Not
applicable

Not
applicable

Yes No

Were the methods 
for performing the 
test described in 
sufficient detail to 
permit replication?

Yes Yes Yes Yes No Yes Yes

'From: Jaeschke R, Guyatt G, Sackett DL. Users’ guide to the medical literature. III. How to use an article about a diagnostic test. A. Are the results of the 
study valid? JAMA 1994; 27:389-91.

ed 6.38 mM (114.8 mg/dL); 7 (6.3%) had FPG levels that 
exceeded the higher reference standard o f 7.77 mM (140 
mg/dL).

Burden and Burden15 evaluated the performance o f 
the same AD A questionnaire among 383 self-selected 
participants at a health fair in England. It is unknown 
whether the comparison o f questionnaires and blood 
glucose results was done independently or blindly. A  
random glucose value o f greater than 6.5 mM (117 
mg/dL) was considered abnormal. Random blood glu
cose can be used as a diagnostic standard for diabetes 
only in patients with typical symptoms, such as polyuria 
and polydipsia.6 The investigators do not specify how 
many screening participants had symptoms. Burden and 
Burden, therefore, used a questionable reference stan
dard for comparison. A ll patients underwent subsequent 
random blood glucose testing. One hundred fifty-eight o f 
383 participants who completed questionnaires were 
identified as high risk. Fifty elevated random blood glu
cose concentrations were found. Among these patients, 
23 were indicated as high risk by the questionnaires. The 
LR+ for this study was 1.15; LR-, 0.92.

C om puterized  Statistical  M odels
Three studies used statistical analysis to develop question
naires to identify those subjects at high risk o f diabetes. 
This method uses data from programs in which all partici
pants undergo screening, and their diabetes status, risk 
factors, and other demographic variables are recorded. In 
the NHANES III, for example, known history o f diabetes 
and a large number o f demographic variables were record
ed for each patient. All participants underwent blood glu
cose testing, and the proportion o f previously undiagnosed 
diabetes was determined. Using this data, the risk factors 
for diabetes could be determined, and their relative contri
bution to the likelihood o f a diagnosis o f diabetes could be 
calculated. The resulting risk-factor-based model was test
ed on the same data to determine how effectively it detect
ed the previously undiagnosed cases o f diabetes. The obvi
ous difficulty with this method is that the performance o f 
the risk-factor-based model was not field tested in a popu
lation separate from that in which it was developed. 
Rather than comparing a diagnostic test with an accepted 
standard, this technique involves developing a diagnostic 
test and “fitting” it to results already obtained by the appli-
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TABLE 3

Summary of the Risk Factors, Symptoms, or Instrument Used in Each Study and Their Resulting Likelihood Ratios

Risk Factors, Symptoms,
Study or Instrument Used LR+ LR-

Duncan, Linville, 
& Clement12

Race, family history, obesity, hypertension, 
low HDL, high triglycerides, history o f gestational 
diabetes or delivery of macrosomic 
infant, previous impaired glucose tolerance

1.05 0.93

McGregor et a l" ADA Risk Assessment Questionnaire Cannot be determined Cannot be determined

Burden & Burden15 ADA Risk Assessment Questionnaire 1.15 0.92

Herman et al16 Age, obesity, physical activity 
level, family history, history of delivery 
of a macrosomic infant

2.22 0.32

Barriga et al18 Body mass index and age* 1.56 0.20

Azzopardi et al19 Sex, thirst, appetite, lethargy, 
pruritus, boils, weight change, 
attitude to sweets, family history, age

Cannot be determined Cannot be determined

Ruige et al20t Thirst, dyspnea, reluctance to  use 
a bicycle, age, obesity, sex, family 
history, use of antihypertensive drugs

1.604: 0.504

LR+ denotes the likelihood ratio of a positive questionnaire; LR-, the likelihood ratio of a negative questionnaire; HDL, high-density lipoprotein; ADA, 
American Diabetes Association.
’Several risk-factor-based models were developed by these investigators. All but 1 use serum test results as part of risk assessment. The diagnostic yield of 
these was not considered.
fRuige and colleagues also assessed the risk assessment instrument developed by Herman and coworkers (LR+, 1.60; LR-, 0.51) and the ADA question
naire (LR+, 1.37; LR-, 0.72).
fCutoff score on risk assessment instrument was set at 5.

cation o f an accepted standard test.
Herman and coworkers16 used this technique to devel

op a risk-factor-based questionnaire using data from 
NHANES II,17 in which 164 people with previously undiag
nosed diabetes and 3220 with neither previously known 
nor newly diagnosed diabetes were identified. Their ques
tionnaire used older age, excess body weight, lower level 
o f  physical activity, family history o f  diabetes, and history 
o f  delivery o f a macrosomic infant as risks for type 2 dia
betes. It was then tested on the same NHANES II data. The 
comparison with the reference standard was, therefore, 
neither independent nor blind. A  broad spectrum o f 
patients, typical o f those who might undergo diagnostic 
testing for diabetes in clinical practice, was included in 
NHANES H. As the reference standard was obtained 
before completion o f the questionnaire, the question o f 
whether the results o f the test being evaluated influenced 
the decision to perform the reference standard is not 
applicable. Administration o f the questionnaire is easy and 
reproducible.

Herman and colleagues’ risk assessment instrument 
identified 1269 o f 3384 patients in the sample as high risk. 
The questionnaire identified 129 o f the 164 persons with

diabetes (LR+ was 2.22; LR-, 0.32). In this model, 10% of 
those identified as high risk would actually have diabetes. 
Performing blood glucose testing on only those at high risk 
would miss 21% o f the cases o f diabetes.

Barriga and coworkersls used the same technique as 
Herman and colleagues to develop several risk-factor- 
based models using data from community-based Hispanic 
and non-Hispanic white patients in California. Models 
were designed to help decide which patients should under
go confirmatory blood glucose testing through oral glu
cose tolerance testing (OGTT) to identify both type 2 dia
betes and impaired glucose tolerance. All but 1 o f their 
models used a serum test result as a risk factor, either fast
ing blood glucose or glycohemoglobin. Using a serum test 
result as a risk factor defeats the purpose o f risk-factor- 
based screening, in which the goal is to minimize blood 
glucose tests. Sequential fasting glucose measurements 
can be used to confirm or rule out diabetes.6

The use o f serum test results as a risk factor, measuring 
impaired glucose tolerance and type 2 diabetes as a com
bined outcome, and the methodologic shortcomings inher
ent to computerized statistical model design and testing 
make the validity o f  this study questionable and the results
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difficult to compare and interpret. One o f the models 
described, the first step in a sequential assessment o f risk 
factors, used only body mass index (>27.9) and age (>53.6 
years) as risk factors. A  high-risk patient had 1 or both o f 
these risk factors. The LR+ for this risk factor model was 
1.56; LR-, 0.2.

Azzopardi and coworkers19 developed computerized 
models on the basis o f  risk factors and symptoms o f dia
betes such as lethargy and thirst. Models were designed 
to collectively identify both type 1 and type 2 diabetes. 
Their study, therefore, does not precisely match the 
question addressed in this review. In developing their 
models, the authors studied patients in Malta: 128 newly 
diagnosed with diabetes and 320 without known dia
betes. This second group was used as a control group. 
The prevalence o f  risk factors and symptoms were com
pared between the 2 groups to generate models to iden
tify high-risk patients. The models were then tested on 
the same group o f control patients and those with dia
betes. OGTT was used as the reference standard for 
diagnosis o f  diabetes, and was performed only on the 
control subjects identified as high risk.

This study not only suffers from the shortcomings in 
validity inherent to this methodology, but the reference 
standard o f  OGTT was not applied to all control patients. 
In a true control group, the absence o f diabetes would be 
confirmed. H ow  many cases o f diabetes were missed in 
this group is unknown; therefore, likelihood ratios can
not be calculated. The best performing model identified 
84% o f the 128 patients with diabetes as high risk. Sixty- 
four (20%) o f control patients were identified as being at 
high risk. Diabetes was confirmed in 17. There were, 
therefore, 47 false positives.

St a tist ic a l  M o d e l  w it h  P r ospective  
Va l id a t io n
Ruige and colleagues20 developed a questionnaire to iden
tify patients at risk for type 2 diabetes by studying both 
symptoms and risk factors among 2364 white patients in 
the Netherlands without known diabetes. OGTT was used 
to confirm or rule out disease in all patients. The final 
questionnaire included questions about thirst, shortness o f 
breath, reluctance to use a bicycle, age, obesity, sex, fami
ly history o f diabetes, and use o f antihypertensive drugs as 
predictors o f  type 2 diabetes. Age, family history, and obe
sity were the most significant risks. This questionnaire was 
then prospectively evaluated in a completely separate but 
similar second population o f 786 patients in whom dia
betes was confirmed either through fasting glucose or 
OGTT. The questionnaire generates a composite score 
with a cutoff that can be varied.

Ruige and coworkers used the w idely accepted tests 
of fasting glucose and OGTT as diagnostic reference 
standards. It is unclear whether the comparison o f ques
tionnaire results with blood glucose testing was blind or 
completely independent. The reference standard was 
applied regardless o f the results on the questionnaire.

The questionnaire is easy to use and reproduce.
The sample did not include nonwhite patients. Race 

is a significant risk factor for type 2 diabetes in the 
United States. Nonwhite patients may receive the 
greatest benefit from  diabetes screening.

Using a cu to ff score o f  5 on the self-reporting ques
tionnaire, the LR+ was 1.6; LR-, 0.50. In the second 
population, Ruige and colleagues also tested the ques
tionnaires used by Herman and cow orkers16 which 
yielded an LR+ o f 1.60 and an LR- o f  0.51, and the AD A 
questionnaire,13 which yielded an LR+ o f  1.37 and an 
L R -o f 0.72.

DISCUSSION

Several aspects o f  the diagnosis and care o f  patients 
with type 2 diabetes remain controversial and are the 
subjects o f  intensive research. It is unclear, for exam 
ple, whether early identification through screening 
influences the course o f  diabetes and its com plica
tions. Evidence has only recently emerged that sug
gests that intensive treatment o f  type 2 diabetes pre
vents complications.21 These unresolved issues aside, 
the accurate identification o f cases is a significant goal 
among clinicians.

Though the strategy o f  identifying and screening only 
high-risk individuals is w idely recommended and prac
ticed, there is little research to prove its effectiveness.

The results presented in the 7 papers do not make a 
convincing case for using the assessment o f  risk factors 
alone or in combination with typical symptoms as a 
screening tool. The LR+s o f the studies fall between 1.05 
and 2.22, meaning that screening only high-risk patients 
may modestly raise the post-test probability o f  dia
betes.22 Similarly, the LR-s o f  0.92 to 0.20 indicate that 
assessing and screening high-risk patients is only slight
ly helpful in ruling out disease. It seems that screening 
on the basis o f  risk factors is not useful. Together with 
the w idely held v iew  that universal screening is ineffi
cient, w e are left without an answer to the question o f 
who should undergo blood glucose testing.

IMPLICATIONS FOR FURTHER 
RESEARCH

It would be interesting to test Ruige and coworkers’ self- 
reporting questionnaire in a population that includes large 
numbers o f minority groups at high risk. The diagnostic 
yield o f a risk and symptom assessment instrument in such 
a population may be higher. Alternatively, a new risk and 
symptom assessment instrument could be developed and 
prospectively evaluated in the American population. 
Ideally, a study using such an instrument would include 
long-term follow-up o f patients, not only to verify the pres
ence or absence o f diabetes, but also to see whether use o f 
the instrument has any impact on morbidity and mortality 
resulting from this disease.

The Journal o f Family Practice, Vol. 48, No. 10 (Oct), 1999 8  0 9



DIAGNOSTIC YIELD OF SCREENING FOR TYPE 2 DIABETES IN HIGH-RISK PATIENTS

RECOMMENDATIONS FOR 
CLINICAL PRACTICE

Assessing risk factors and performing blood glucose test
ing in only high-risk patients to identify type 2 diabetes is 
not recommended. The best way to identify new cases is 
unclear at this point. Blood glucose testing can be offered 
to patients who present with typical symptoms o f diabetes.
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