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SUMMARY

The sensitivity and specificity of each of five screening
tests were estimated in each of three to ten countries by
testing subjects drawn from the general populations of adults
over thirty-four years of age. This permitted comparisons
among countries and among the different tests (fasting,
postprandial, and postglucose urine tests, and fasting and
postprandial blood glucose values).

Sensitivity and specificity of each test varied widely
among populations. For example, the sensitivity of the two-
hour urine glucose ranged from 17 per cent in Nicaragua
to 100 per cent in East Pakistan. Apparently specificity
and sensitivity of such tests are influenced by many factors
including both the circumstances under which the tests are
performed and the characteristics of the population tested.
It is, therefore, not possible to predict prevalence rates
reliably by extrapolating from the results of screening tests.
However, we believe the data for specific populations on
the sensitivity and specificity of various tests will provide
a rough guide in predicting the cost-effectiveness of alter-
native approaches to case detection in those particular coun-
tries. For instance, these results suggest that roughly 56
per cent of the occult diabetics in Costa Rica in this age
group would be detected by a two-hour urine glucose, but
only about 41 per cent of those in whom this test was
positive would prove to have diabetes.

Even modest changes of criteria in defining either "dia-
betes" or "abnormality" of the screening results produced
marked changes in rates of sensitivity and specificity. With
few exceptions, tests which were more sensitive were, com-
parably, less specific, and the reverse was also true. Rates
of "diabetes" were markedly influenced by modest changes
in diagnostic criteria. DIABETES 20:289-96, May, 1971.

As blood glucose determinations have become more
economical and more widely available, urine glucose
tests have assumed a less important and somewhat dif-
ferent role in screening for diabetes. Yet there remain
a variety of circumstances under which urine tests are
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useful as part of the process of case detection. Moreover,
in less affluent societies, the availability of blood glu-
cose determinations is often quite limited. Although a
large body of experience exists concerning the factors
which influence the concentration of urine glucose, the
sensitivity and specificity of urine glucose determinations
as screening procedures have rarely been measured sys-
tematically under controlled conditions.1-2 Groups of
negative screenees have seldom been systematically tested
with glucose tolerance tests. Remein and Wilkerson
pointed out that their results in a selected population
(adult, outpatient volunteers) would not necessarily
reflect precisely the sensitivity and specificity of such
tests in a general population.1 More information is
needed concerning the effects of various factors on the
sensitivity and specificity of both blood and urine screen-
ing procedures. We found, for example, that in marked
contrast to our previous experiences elsewhere, in East
Pakistan the urine test for glucose was a highly sensi-
tive index of the presence of diabetes even in the older
segment of the population (see below).

Several different screening tests were performed in
the course of a recent series of surveys.3"5 Because oral
glucose was administered to all subjects it was pos-
sible to relate the results of the screening tests, both
positive and negative, to the status of glucose tolerance.
This also made it possible to compare the sensitivity and
specificity of five different screening tests, and with each
test to compare the results among three to ten countries.

METHODS

Results of studies of the prevalence of diabetes and
the relationship of prevalence to various epidemiologic
factors have been reported previously for twelve age-
matched populations in eleven countries.3"5 Urine glu-
cose determinations were performed in ten of these
countries. The characteristics of these ten groups have
been described, as well as the frequency distribution of
two-hour blood glucose values for each population. "With
rare exceptions these samples from general populations
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included only subjects over thirty-four years of age. The
frequency distribution of ages was very similar in all
countries.3-4 Mean age in these ten groups only varied
from forty-eight years in Pakistan to fifty-two years in
Venezuela.

A total of 4,262 subjects had urine glucose determi-
nations two hours after an oral glucose load of one gram
per kilogram of body weight. A specimen of venous
blood was also obtained from all subjects at two hours
for a determination of glucose concentration. With rare
exceptions tests were performed in the morning. In
Uruguay, Venezuela, and Malaya, each of a total of
1,530 persons also had other tests as described below. In
this subgroup of 1,530, the glucose load was admin-
istered in the fasting state in 418 instances. In 1,112 in-
stances, it was given 2 to 10 hours after a meal. How-
ever, with few exceptions (less than 10 per cent) those
who were not in the fasting state were tested between
two and four hours after a meal. Of these 1,112 subjects,
591 also had a "postprandial" blood glucose determina-
tion immediately prior to the glucose load. Each of the
1,530 subjects had a urine glucose test immediately prior
to, and two hours after, the glucose load. The duration of
fasting was determined only by the prevailing admin-
istrative circumstances at the thirty-nine sites at which
the 1,530 persons were tested.

It was therefore possible in the group of 1,530 to
compare the results of the glucose loading test (blood
glucose concentration two hours after the load) with
each of five screening procedures: (1) a fasting urine
glucose test; (2) a postprandial urine glucose test; (3)
a urine glucose obtained two hours after the glucose
load; (4) a fasting blood glucose; and (5) a postpran-
dial blood glucose value. Although each of the subgroups
were drawn from the same universe of three, lumped,
age-matched populations, there were differences in some
of the characteristics of these subgroups. For example,
the subgroup who had fasting urine tests contains a
smaller number of Malayans than in certain other sub-
groups. In some instances these differences probably ac-
counted for part of the differences among the tests in
sensitivity and specificity. However, the effects of this
imperfect matching can be largely corrected by calculat-
ing for each test the average of results for the three
countries. In this way the results from each country
are given equal weight with each of the tests. These
averages are presented in table 1, which also gives the
number tested and the results for each country.

Under certain circumstances, glucose tolerance may
be improved by eating prior to the load (priming ef-

fect).6 Under our experimental conditions, however,
two-hour blood glucose levels were only slightly higher
in those tested in the fasting state, and the small dif-
ference between the results in fasting and nonfasting
subjects was not statistically significant.3-4

In East Pakistan and six countries of Central Amer-
ica the glucose load was also administered in the morn-
ing; in more than 95 per cent the load was given two
to five hours after breakfast.

The Clinistix method was used to measure urine
glucose. The accuracy of this semiquantitative method
has been evaluated by Moran et al.,7 by Ackerman et
al.,8 and by O'Sullivan, Kantor and Wilkerson.9 These
studies concerning the accuracy of the Clinistix method
are reviewed in the Discussion. All observers were re-
quired to follow the manufacturer's instructions and to
determine whether the specimen was negative or posi-
tive. They did not have the option of classifying the
test as "trace" or "borderline". In some countries no
attempt was made to record the degree of positivity.
However, in most cases (see below) glycosuria was
graded as "light", "medium", or "dark" according to the
interpretation chart provided by the manufacturer.
Blood glucose levels were measured by the AutoAnalyzer
method. Subjects whose two-hour blood glucose values
exceeded 149 mg./ioo ml. were classified as diabetic.
Under the Results, data are presented showing the ef-
fects of changing these diagnostic criteria. In the Dis-
cussion, evidence is reviewed indicating that the two-
hour values reflect closely the status of tolerance as re-
vealed by full glucose tolerance tests.

Sensitivity is defined as the percentage of the dia-
betics who are identified by the screening test. Specificity
is defined as the percentage of normals correctly classi-
fied by the screening test. Thus, specificity figures pro-
vide no information concerning the specificity of posi-
tive screening tests. We have, therefore, expressed our
results in a way which also shows the "specificity" of
the positive tests by indicating in the tables the per-
centage of positives which were true positives.

RESULTS

Five screening tests in Uruguay, Venezuela and Malaya
Table 1 shows the sensitivity and specificity of five

screening tests in each of three populations. These data
permit comparisons among countries and among tests.
Table 1 also shows results for each test when data for
all three countries are lumped. In order to show the
effect of giving equal weight to the results from each
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TABLE 1
Sensitivity and specificity of five screening tests in three countries

Fasting urine glucose
Uruguay
Venezuela
Malaya
Totals

A
Total
tested

136
198
84

418

8
Dia-

betic*

11
20

3
34

C
Nondia-

betic

125
178
81

384

D
Pos.
tests

7
5
1

13
Average for 3 countries

Urine glucose 2-4 hours
after eating
Uruguay 348 22 326
Venezuela 282 15 267
Malaya 482 17 465
Totals 1,112 54 1,058
Average for 3 countries

Urine glucose 2 hours
after oral glucose
Uruguay 484 33 451
Venezuela 480 35 445
Malaya 566 20 546
Totals 1,530 88 1,442
Average for 3 countries

17
5

24
46

62
25
59

146

E F G H
True False Neg. True
pos. pos. tests neg.

7 0 129 125
4 1 193 177
1 0 83 81

12 1 405 383

9 8 331 318
3 2 277 265
9 15 458 450

21 25 1,066 1,033

25 37 422 414
18 7 455 438
16 43 507 503
59 87 1,384 1,355

False Sensi- Speci-
neg. tivityt ficityt

(per (per
cent) cent)

4
16
2

22

13
12
8

33

8
17
4

29

63.6
20.0
33.3
35.3
38.9

40.9
20.0
52.9
38.9
37.9

75.8
51.4
80.0
67.0
69.1

100.0
99.4

100.0
99.7
99.8

97.5
99.3
96.8
97.6
97.8

91.8
98.4
92.1
94.0
94.1

Total Dia- Nondia- Pos. True False Neg. True
tested betic* betic "tests pos. pos. tests neg.

Fasting blood glucose (values
> 119 mg./lOO ml. considered
positive)
Uruguay 134
Venezuela 120
Malaya 25
Totals 279
Average for 3 countries

Blood glucose 2-4 hours after
eating (values> 129 mg./lOO ml.
considered positive)
Uruguay 341
Venezuela 150
Malaya 100
Totals 591
Average for 3 countries

22
12
2
36

319
138
98
555

13
11
2
26

False Sensi- Sped- "Speci-
neg. tivity ficity ficity"

(per (per of pos.

11
13

1
25

123
107
24

254

10
5
1

16

7
3
1

11

3
2
0
5

124
115
24

263

120
105

4
249

4
10
0

12

cent)

63.6
23.1

100.0
44.0
62.2

cent)

97.6
98.1

100.0
98.0
98.6

test?
(per

cent)

70.0
60.0

100.0
68.8
76.7

10
7
1

18

328
139
98

565

316
134
97

547

12
5
1

18

45.5
58.3
50.0
50.0
51.3

99.1
97.1
99.0
98.6
98.4

76.9
63.6
50.0
69.2
63.5

* Two-hour blood glucose above 149 mg./lOO ml. Of eighty-eight diabetics tested in these three countries, fifty-five
(63 per cent) had no previous history of the disorder. The numbers of new and previously known diabetics by coun-
try are given in table 3.

t Sensitivity is columns E/B, specificity is H/C, and "specificity" of positive tests is D/E.
t Percentage of positive tests that were true positives.

country, irrespective of the number tested, the average
sensitivity and specificity in the three countries is given
for each test.

Table i shows that in the 1,530 subjects, the urine
glucose test after oral glucose was sensitive (67.0 per
cent) and specific (94.4 per cent). Yet, the utility and
role of the test is not fully evident until the "specificity"

of the positive urine test is given. Table 1 shows that
only 40.4 per cent were true positives. In certain cir-
cumstances, the disadvantage of this propensity to pro-
duce false positives would be outweighed by the other
considerations and advantages. For example, even though
a majority of the two-hour urine glucose values were
false, the prevalence of diabetes in those with positive
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tests (40.4 per cent) was more than nineteen times
higher than in those with negative two-hour urine tests
of whom only 2.1 per cent had diabetes. Since only
9.5 per cent of these subjects (146 of 1,530) had posi-
tive tests and 67.0 per cent of all diabetics had positive
tests, it would apparently be possible to identify a sub-
stantial majority of the diabetics in this group, even if
blood glucose tests were performed only in the small
subgroup with positive urine tests. One method of
doing this would be to administer a carbohydrate load
and draw blood only on those with glycosuria.
Urine tests in East Pakistan

In East Pakistan, 513 subjects had urine glucose de-
terminations before, and two hours after, oral glucose.
The tests before oral glucose were performed on speci-
mens obtained two to five hours after breakfast. Both
postprandial and postglucose urine tests identified 100
per cent of the diabetics (9 of 9) . Four of thirteen (33
per cent) postprandial positives were false, while 18
of 27 (67 per cent) postglucose specimens were false
positives.

Effects of changing criteria for interpreting tests
and for diagnosis

The blood glucose screening levels shown in table 1
for the fasting (120 mg. per 100 ml.) and the post-
prandial (130 mg./ioo ml.) tests were arrived at arbi-
trarily. Sensitivity or specificity for each of these tests
may be changed at will by lowering or raising the arbi-
trary values we used. But improvements in sensitivity
were achieved at the price of roughly comparable deteri-
oration in specificity, and the reverse was also true. For
example, when the postprandial screening level was

raised progressively from 120 mg./ioo ml. to 130, 140
and 150, respectively, the "specificity." of positive tests
(per cent of positives which are true positives) was im-
proved progressively from 52 to 69 per cent, 83 and 100
per cent, respectively. On the other hand, these improve-
ments in the "specificity" of positive tests were attended
by a declining sensitivity which fell from 59 per cent to
50, 41, and 38 per cent, respectively.

Most of the subjects with false positive two-hour
urine tests had minimal glycosuria. When data from East
Pakistan, Malaya, Venezuela and Uruguay were lumped,
64 per cent of the false negative tests (69 of 108) were
only slightly positive ("light" glycosuria by the Clinistix
interpretation chart). Only 13 per cent of the subjects
with "light" glycosuria proved to be diabetic in these
four countries, while 50 per cent of those with "medium"
glycosuria were diabetic, and 71 per cent with "dark"
tests were diabetic.

Diagnostic criteria also had a substantial influence on
sensitivity and specificity. For example, in Guatemala
only 12 of 18 subjects (67 per cent) with "abnormal"
tolerance (two-hour glucose more than 149 mg./ioo
ml.) had glycosuria after oral glucose, but 100 per cent
(12 of 12) of those with two-hour blood glucose values
over 189 mg./ioo ml. had glycosuria after oral glucose.

We arbitrarily divided the subjects into "diabetic"
and "nondiabetic" groups on the basis of their two-hour
blood glucose levels after the oral glucose load. Those
with values above 149 mg./ioo ml. were classified as
diabetic and those below 150 were regarded as normal.
Two-hour values as low as 120 mg./ioo ml. are some-
times considered abnormal. We believe that this level

TABLE 2
Effect on sensitivity and specificity of changing diagnostic criteria*

Screening tests
Fasting urine glucose

Urine glucose 2-4 hours
eatingj

Urine glucose 2 hours after
glucose

Fasting blood glucose (over
mg./lOO ml.)

Blood glucose 2-4 hours
eatingt (over 129 mg./lOO

after

oral

119

after
ml.)

Assuming 2-hour blood glucose values
greater than 149 mg./lOO ml.

are diagnostic
Sensitivity Specificity "Specificity of
(per cent) (per cent) positive testst

35.3
38.9

67.0

44.0

50.0

99.7
97.6

94.0

98.0

98.6

92.3
45.7

40.4

68.8

69.2

Assuming 2-hour blood glucose values
greater than 119 mg./lOO ml.

are diagnostic
Sensitivity Specificity "Specificity" oi
(per cent) (per cent) positive testst

18.8
20.2

41.7

23.4

27.7

99.7
97.6

94.4

97.8

96.6

92.3
45.7

47.9

68.8

69.2

* These are data on the same 1,530 subjects for whom data are presented in table 1.
t Percentage of positive tests that were true positives.
t i n a few instances (less than 10 per cent) these specimens were drawn 4 to 10 hours after eating.
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is inappropriately low in middle age and older adults.10

Nevertheless, since this level has been widely used, we
also examined the sensitivity and specificity of the five
screening tests under the assumption that all individuals
with two-hour levels of 120 mg./ioo ml. or more were
"diabetic." Table 2 shows that the apparent sensitivity
of all five tests declined substantially under these as-
sumptions. Specificity of each of the tests was about
the same with the two different diagnostic criteria.

When the dividing line between normal and ab-
normal two-hour blood glucose values was set at 150
mg./ioo ml., the prevalence of "diabetes" among these
1,530 subjects was 5.8 per cent. On the other hand,
when the dividing line was lowered to 120 mg./ioo
ml., the apparent prevalence rate became 11.0 per cent.
Thus, even when testing methods are the same, relatively
modest differences in diagnostic criteria may account
for marked differences in apparent rates of prevalence.
Comparisons among countries

We had hoped that these studies would allow us to
establish, at least for certain age groups, some general
relationships between the results with the various tests,
as a basis for the development of formulas for estimating
prevalence rates from the results of screening tests. One
might hypothesize, for example, from certain" of the
data in table 1 (results for all three countries lumped)
that postprandial urine tests and fasting blood glucose
determinations would identify in this age group about
one third of those who have diabetes, and that urine
glucose determinations after a carbohydrate load would
identify about two thirds of the diabetics. The establish-

ment of such relationships would also make it possible
to estimate prospectively the cost-effectiveness of various
approaches to diabetes screening. Unfortunately, our
data, when analyzed in detail, showed that the sensitivity
and specificity of these tests varied markedly among
populations even when populations were matched for
prevalence of diabetes and for age. Table 3 shows, for
example, that the sensitivity of a urine glucose test two
hours after oral glucose in ten populations ranged from
11 per cent in Nicaragua to 100 per cent in East Pak-
istan. The rate of falsely positive tests in those with
glycosuria ranged from 14 per cent in Honduras to
83 per cent in Malaya. Table 1 also shows substantial
differences among countries in the sensitivity and speci-
ficity of the screening tests.

Table 3 shows that in some countries a substantial
majority of the positive two-hour urine tests occurred
in persons with normal glucose tolerance. However, this
table also shows that this was in some cases mainly
the result of the low number of true positives rather
than a high frequency of false positives among the non-
diabetics.

DISCUSSION

We recognize that a single two-hour blood glucose
value is probably not so definitive as a full glucose tol-
erance test in classifying individuals as diabetic or non-
diabetic. Doubtless a small percentage of our subjects
would have been classified differently based on results
with one or more full glucose tolerance tests. But inter-
individual changes in results of duplicate tests are not

TABLE 3
Marked variation in ten populations of sensitivity and specificity of urine glucose two hours after oral glucose

Country
Uruguay
Venezuela
Malaya
East Pakistan
Costa Rica
El Salvador
Guatemala
Honduras
Nicaragua
Panama
Totals

Total
no.
484
480
566
513
470
265
413
343
383
345

4,262

Known diabetics
Urine test

No.
17
7
9
0
4
2
6
0
5
0

50

Pos.
15
7
7
0
3
2
5
0
2
0

41

Neg.
2
0
2
0
1
0
1
0
3
0
9

s

467
473
557
513
466
263
407
343
378
345

4,212

No history of

Diabetics
discovered
Urine test

No.
16
28
11
9

23
7

12
16
18
10

150

Pos. Neg.
10 6
11 17
9 2
9 0

12 11
2 5
7 5
6 10
2 16
4 6

72 78

diabetes

Nondiabetics
Urine test

No.
451
445
546
504
443
256
395
327
360
335

4,062

Pos.
37
7

43
29
22
7
7
1
8

14
175:

Neg.
414
438
503
475
421
249
392
326
378
321

3,887

Sensitivity*
(per cent)
63 (76)
39 (51)
82 (80)
100(100)
52 (56)
29 (44)
58 (67)
38 (38)
11 (17)
40 (40)
48 (57)

Specificity*
(per cent)

91.4(91.8)
98.4 (98.4)
91.8(92.1)
94.2 (94.2)
94.8 (95.0)
97.3 (97.3)
98.0(98.2)
99.7 (99.7)
96.9 (97.7)
95.8 (95.8)
95.5 (95.7)

"Specificity"
of positive

testst
(per cent)

21 (40)
61 (72)
17 (27)
24 (24)
36(41)
22 (36)
50 (52)
86 (86)
20(33)
22 (22)
29 (39)

* Numbers in parentheses are results when calculations are based on the entire population sample including known
diabetics.

t Percentage of positive tests that were true positives.
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infrequent when "full" oral glucose tolerance tests are
performed employing three or more blood glucose de-
terminations.11"13 Moreover, even the most elaborate test
leaves something to be desired in dividing general popu-
lations into "diabetics" and "nondiabetics."10>14 Jackson
and his associates have presented and reviewed evidence
to support the sensitivity and specificity of the two-
hour value.2

In order to further evaluate the validity of the two-
hour value as a diagnostic instrument we analyzed data
of Unger who performed glucose tolerance tests on a
population of food handlers.11 Each subject had a fast-
ing glucose determination on venous blood, and the blood
glucose was also determined on specimens drawn one and
two hours after ioo gm. of oral glucose. We found that
the two-hour value was above 149 mg./ioo ml. in
thirty of 152 (19.7 per cent) subjects. Thirty of 152
had values over 398 when the result was expressed as
the sum of the three values. If it is assumed that two-
hour values above 149 mg./ioo ml. and summed values
above 398 are diagnostic (in each case, the thirty high-
est of 152 values), the two diagnostic methods yield very
similar results. Only two of the thirty (7 per cent) with
"diabetic" two-hour values would have been reclassified
as "nondiabetic" by the results of the full glucose toler-
ance test, and only two of the 122 (1.6 per cent) with
"nondiabetic" two-hour values would have been classi-
fied as "diabetic" by the full glucose tolerance test.

Previous studies7"9 have shown that the Clinistix meth-
od is highly reliable in identifying the presence of glu-
cose at concentrations above 0.1 per cent. Specimens
containing between 0.05 per cent and 0.1 per cent were
usually found to be negative, but positive results were
not infrequent at this concentration. Specimens con-
taining less than 0.05 per cent glucose were always
negative in the study of Ackerman and his associates.8

Thus, the test is highly specific for glucose. In our
studies, many (one to three per country) different physi-
cians, medical students and technicians performed the
urine glucose tests. It is quite possible that there
were some differences among observers in "reading" the
results. However, in view of the simplicity of the test, we
believe it is unlikely that our results were affected sub-
stantially by inter-individual differences in the per-
formance or interpretation of the tests.

Although 4,262 persons were tested, some of the
percentages in the tables are based on small numbers.
The high sensitivity of the fasting blood glucose in
Malaya, for example, has limited meaning because only
twenty-five persons were tested. For this reason, the
numbers tested and the numbers of positives and nega-

tives are given in each instance. In several cases the
sensitivity figures should be considered only crude
estimates because of the small numbers on which they
are based.

Our data permit only limited conclusions concerning
the reasons for the differences among populations in the
sensitivity and specificity of the screening procedures.
We were, however, able to account for some of these
differences. For instance, the unusual sensitivity of the
urine tests in East Pakistan was explained by the fre-
quency distribution of blood glucose values. There were
very few people with mild abnormalities of glucose tol-
erance.3 The people who had diabetes had gross hyper-
glycemia.3 It is not surprising, then, that the urine
tests were a highly sensitive index of the presence of
diabetes. On the other hand, some of the differences
among countries (such as between Nicaragua and
Guatemala) could not be attributed to differences in the
frequency distribution of blood glucose values because
the two groups were very similar in this respect.4

One of the factors which affects both sensitivity and
specificity of screening procedures is the amount of
previous screening. Seventy-five per cent (150 of 200)
of the diabetics in the total group of 4,262 had no
previous history of diabetes, but there were substantial
differences among countries in this respect. In Uruguay,
seventeen of thirty-three diabetics had a history of dia-
betes, while none of the nine diabetics in East Pakistan
had a history of the disorder. Tests for diabetes are com-
monly performed in Uruguay and rarely done in East
Pakistan. In order to "correct" for this variable in com-
paring results in the various countries, we have shown in
the tables sensitivity and specificity rates based on calcula-
tions which included all subjects in these samples of
general populations. Thus, differences among countries
in results are not attributable to differences in the
amount of previous screening. In table 3, results for each
country are also shown when calculations for sensitivity
and specificity excluded the small subgroup with known
diabetes. Because of certain shortcomings in our coding
methods we were not able to calculate the sensitivity
and specificity for all tests in Uruguay, Venezuela and
Malaya with the known diabetics excluded, but table 3
shows the number of new and previously known dia-
betics for each country. In these three countries only 33
of 1,530 subjects (2.2 per cent) had known diabetes and
only thirty-three of eighty-eight (37 per cent) of those
with diabetes were known diabetics.

There are many other possibilities which might ac-
count for the differences among groups in the sensitivity
and specificity of the screening procedures including
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differences in hydration and in renal thresholds for glu-
cose. In each of the populations we tested, the concen-
trations of the loading doses were the same (25 per
cent). Water intake was not specifically restricted or
measured prior to or during the tests, but in every
country only a very small minority of the subjects con-
sumed water during the test period. In contrast to the
experimental conditions in Uruguay, Venezuela, Malaya
and East Pakistan, urine specimens were not collected
before the glucose load was administered to the Central
Americans. This would tend to dilute the glucose ex-
creted after administration of glucose and make the
urine test less sensitive and more specific. This would not
however, account for differences among the Central
American countries because the same procedures were
used in all countries with respect to urine collections.
The frequency distribution of the duration of the post-
prandial period was similar in each of the ten popula-
tions. However, there were some small differences among
countries in this respect that could explain a small part
of some of the differences in the results relating to the
postprandial urine tests. Although experimental con-
ditions were similar in all of these countries, doubtless
the differences mentioned above and other differences,
if corrected, would tend to reduce the wide variations of
the results. On the other hand, even greater differences
might be expected among mass screening programs and
in clinical practice with respect to factors such as hy-
dration of the patients, details of procedures for timing
and performing the tests, etc. These results indicate the
extent to which the sensitivity and specificity of a rela-
tively standardized procedure, such as the two-hour urine
glucose, may be influenced by the characteristics of the
subjects tested and other factors. A recent report of the
Committee on Statistics of the American Diabetes Asso-
ciation has discussed concepts relating to determinations
of sensitivity and specificity.15

These data also illustrate dramatically the extent to
which differences in methods of testing and diagnostic
criteria may affect reported rates of prevalence of dia-
betes. For example, table 1 shows that estimates of
prevalence in a population might vary as much as five-
fold depending on the methods and diagnostic criteria
employed, even if all positive screenees had follow-up
glucose loading tests.

While the results based on our lumped data cannot be
applied to a specific country, we believe that our re-
sults in specific countries would be useful in predicting
roughly the cost-effectiveness of various approaches to
case finding in those particular countries.

Undoubtedly sensitivity and specificity are to some
degree affected by prevalence. For example, if prevalence
rates were quite low, specificity rates would tend to be
high because false negatives would be infrequent. The
effect of prevalence on sensitivity would depend on the
frequency distribution of the hyperglycemic values. If
a substantial portion of the diabetics had mild impair-
ment of tolerance, false negatives would be frequent
and sensitivity low. Probably this is usually the case.
However, we did not observe a significant relationship
between prevalence and either sensitivity or specificity.
This does not, of course, discredit the theoretical rela-
tionships between prevalence and either specificity or
sensitivity. The failure to demonstrate these relationships
was probably attributable to the relatively small number
of populations studied and the many other factors which
influence sensitivity and specificity.
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Pancreatic Alpha Cell Function in Man

{Continued from page 288)
In each of the three groups a forty-minute infusion

of L-arginine at constant rate caused a rise in plasma
glucagon levels. The mean maximum rise in twenty-eight
normal subjects was 239 /x/*g. per milliliter, whereas in
both diabetic groups it was similar and significantly
greater, being 458 and 452 p.jxg. per milliliter respec-
tively. If the arginine infusion was given to normal sub-
jects in whom a glucose infusion was already in prog-
ress, the absolute levels of plasma glucagon achieved in
response to arginine were, at all times, lower than when
arginine was given alone. However, the rate and degree
of rise from the fasting level were similar with or
without glucose. This indicated that, in normal subjects,
the plasma glucagon response to arginine is little af-
fected, if at all, by hyperglycemia. This finding en-
hanced the unusual nature of the observation that the
plasma glucagon response to arginine was greater than
normal in diabetic subjects, all of whom were hyper-
glycemic at the time of the arginine infusion.

Further indication that alpha cell function may be
disturbed in diabetes mellitus came from observations
on patients with severe ketoacidosis or Kimmelstiel-Wil-
son disease. It was argued that the striking reduction in
insulin requirements seen in some patients with Kimmel-
stiel-Wilson disease could be the consequence of dimin-
ished glucagon secretion. This idea was not supported by
the finding of a normal plasma glucagon response to
arginine in two such patients. In eight patients with
severe diabetic ketoacidosis initial plasma glucagon
levels averaged 587 /x/xg. per milliliter. With treatment
and restoration of normal diabetic control the plasma
glucagon levels declined towards normal.

The salient features of this paper lie in the description
of normal pancreatic alpha cell function in man when
fasting and in response to stimulation with glucose and
arginine. The qualitative nature of the changes described
does not differ from that reported earlier in which less
specific immunoassays were employed. The importance
of the absolute values of the normal subjects is that they
form a yardstick against which another facet of ab-
normal pancreatic islet cell function in the diabetic can
be assessed.

The discovery that there is hyperglucagonemia in both
juvenile-type and adult-onset diabetics is amplified fur-
ther by Miiller, G. R. Faloona, Aguilar-Parada, and Un-
ger (New" Eng. J. Med. 283:109, 1970). The authors
take up and reiterate an old suggestion that excessive
glucagon secretion may be a pathogenetic factor in
diabetes and adduce in support of this viewpoint the
relative hyperglucagonemia of the diabetics both in the
fasting state and in response to arginine.

In a discussion of the possible mechanisms by which
an increased glucagon secretion results, the suggestion is
made that glucagon release is related, in a reciprocal
manner, to the intracellular concentration of glucose in
the alpha cell. If glucose transport across the alpha cell
membrane is dependent upon insulin, the findings in
the diabetic subjects could be explained. The availability
of a radioimmunoassay for pancreatic glucagon will per-
mit further analysis of this particular hypothesis and
elucidation of the physiology of the alpha cell which
has been for so long the poor cousin in the islet family.

From Nutrition Reviews, Vol. 29, No. 1
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