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Since the introduction of the glucose tolerance
test as a diagnostic aid the glucose has-classically
been administered by mouth. By this procedure
the pregnant women may exhibit a normal toler-
ance to glucose or may in many instances exhibit
a decreased tolerance to glucose (1-4). Selman
(3), for instance, reports 22 out of 47 patients
studied by him to show high, prolonged or high
and prolonged blood glucose levels when judged
by certain criteria. Hurwitz and Jensen (4) find
normal fasting blood sugar levels and normal
peaks, but 81 per cent of their pregnant series
showed high blood sugar values at two hours.
From these data these authors conclude that preg-
nancy exerts a deleterious effect on carbohydrate
metabolism.
The disadvantages of the oral route of adminis-

tration of the glucose are many and they have been
pointed out by several authors (5-9). These dis-
advantages have led to the use of the intravenous
route of administration (8, 9) as a better test of
the ability of the subject to metabolize glucose.
In pregnancy all the objections to the oral route
of administration apply as they do in the non-
pregnant individual. In addition, alterations in the
gastrointestinal tract peculiar to pregnancy might
complicate the picture further.

In view of these considerations we have deter-
mined the tolerance of pregnant women to intra-
venously administered glucose. The over-all pro-
cedure employed is essentially the same as the one
described by Lozner, Winkler, Taylor and Peters
(9) who have determined the tolerance of non-
pregnant individuals to 25 grams of intravenously
administered glucose.

SUBJECTS AND METHODS

Subjects were chosen from the obstetrical in-patient
and out-patient services of the New York Hospital. Only

1 This study was aided by a grant from the John and
Mary R. Markle Foundation,

women whose course and past history were considered
normal were chosen. Individuals with histories of pre-
vious glycosuria, or current diabetes, hypertension, kidney
or liver disease were eliminated. The tests were per-
formed on subjects at various stages of pregnancy. Sub-
jects for control study were chosen from gynecological
in-patients. They were all within the child-bearing age.
Only those with benign conditions were selected.
There were 20 in the pregnant group. Their ages

ranged from 17 to 43 years with an average age of 28.9
years. There were five in the fourth, three in the fifth,
two in the sixth, three in the seventh, three in the eighth,
one in the ninth, and three in the tenth lunar month of
pregnancy. There were 11 in the non-pregnant group.
Their ages ranged from 20 to 38 years with an average
age of 28.9 years.

All subjects were in the post-absorptive state. Some
were encouraged to drink 600 to 800 ml. of water before
the test was started in order to promote urine flow. A
No. 18 Foley indwelling catheter with a 5-ml. bag was
placed in the bladder and the bladder emptied. A blood
sample was withdrawn. Then 50 ml. of 50 per cent glu-
cose were injected intravenously through a No. 18 needle
in 45 to 60 seconds. Blood samples were then drawn at
five, 15, 30, 60 and 120 minutes after the injection. Urine
specimens were drawn at 15, 30, 60 and 120 minutes
after the injection, the bladder being completely emptied
but not washed out at the time of each collection.

Protein-free filtrates of the blood samples were made
by the Folin-Wu method (10). Blood sugars were de-
termined on these filtrates by the Benedict method (11).
Quantitative urine sugars were determined on appro-
priately diluted urine specimens by the same method.
The optical densities of the final colored solutions were
determined in a Klett-Summerson photometer using
filter 42 (12).

RESULTS

The blood sugar values for the pregnant and the
control groups are presented in Table I and are
illustrated graphically in Figure 1 where the data
of Lozner et al. are added for comparison. The
values obtained by us for the control group paral-
lel closely the values obtained by Lozner et al.
The values obtained for the pregnant group, how-
ever, tend at all times to average slightly, though
not significantly, lower than those of the control
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groups. At 60 minutes the average blood sugar
value and the range of values observed in the
pregnant group tend definitely to be lower than the
average values observed in the control groups.
The difference between the two means equals 3.09
standard errors of the difference between the two
means when our data are used, and 2.72 when
the data of Lozner et al. are used. These figures
do not indicate a really significant difference.
The average values, the extreme observed val-

ues, and the standard deviation of the pregnant and
the nonpregnant groups are summarized in Table
II. The standard deviation was calculated in the
usual way where the standard deviation

a= \N- 1

The amount of glucose excreted in the urine
seems to be about the same in both the pregnant
and the nonpregnant groups. These values are,
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however, nearly twice that reported by Lozner
et al.

DISCUSSION

From these results it would appear that the
pregnant women can tolerate intravenously in-
jected glucose as well as, if not better than, the non-
pregnant women. The tendency for the blood
sugar levels of the pregnant women to fall toward
fasting levels more rapidly, i.e., to have slightly
lower blood sugar values at 60 minutes after the
injection of the glucose, might indicate a slight
increase in the rate of utilization of the glucose,
or a greater total volume in which to dilute the glu-
cose or a decreased kidney tubular reabsorptive
capacity for glucose (kidney threshold). Or all
three of these factors might be operating simul-
taneously to some extent.
Our present data (the average amount of glu-

cose found in the urine of the pregnant and the
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MINUTES AFTER INJECTION

FIG. 1. GRAPH OF RESULTS OF INTRAVENOUS GLUCOSE TOLERANCE TESTS

Open circles indicate data from pregnant women, horizontal lines from normal
women and dots from Lozner et al. (9). The upper and lower circles (lines
or dots) indicate the extremes observed; the central circle the average value.
The vertical lines are visual guides. The data from pregnant women are

plotted two minutes early and the data from Lozner et al. two minutes late.
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TABLE I

Distribution of values

Dura-
Num-Age tion Fast- 5 min. 15 min. 30 min. 60 min. 120 min.ber preg. mg

(wks.)

1 29 29 69 - 152 126 79 59
2 39 40 65 198 170 130 99 63
3 23 15 82 202 170 147 92 66
4 43 22 83 245 171 127 92 73
5 23 18 90 206 154 93 81 86
6 21 15 68 231 143 96 56 84

. 7 23 39 69 222 149 109 74 63
0 8 33 30 79 224 181 137 108 71o 9 37 22 84 257 161 131 97 63
w 10 30 32 78 250 213 139 78 75
a 11 34 20 94 243 179 137 96 73
a 12 17 26 75 286 210 156 103 78
t 13 25 34 70 220 163 133 96 70
v 14 36 15 79 315 138 99 75 74

15 21 26 69 230 160 106 83 74
16 35 37 79 191 167 86 69 70
17 32 20 79 258 218 165 91 75
18 24 27 74 315 191 118 62 76
19 31 13 77 237 179 118 72 68
20 22 15 81 245 223 164 97 78

1 30 79 229 174 117 66 73
2 24 92 230 195 162 147 72

o.3 30 83 300 200 130 82 66
4 22 79 187 138 123 84 69
5 25 80 273 217 189 134 79

_ 6 27 84 245 192 159 103 60o 7 20 86 301 195 174 136 78
0 8 26 91 354 247 183 107 77
O 9 38 70 271 111 58 58 73

10 29 70 244 211 178 152 90
11 25 85 282 240 207 160 91

nonpregnant groups) do not indicate a marked de-
crease in the kidney tubular reabsorptive capacity
for glucose in the pregnant women. It must be
admitted, however, that the average value for the
amount of glucose found in the urine in the preg-
nant group is about twice the amount observed by

Lozner et al. Since, however, we obtained a value
of the same order of magnitude in our pregnant
and nonpregnant groups, the discrepancy may be
due to the use of different methods for the deter-
mination of the urine sugar. The actual determina-
tion of the maximal kidney tubular reabsorptive ca-

pacity for glucose in the pregnant women will
answer this question.

Since the glucose tolerance test becomes more

like that observed in the nonpregnant women in
the early puerperium, one factor operating toward
this tendency toward lower values at 60 minutes
following the administration of the glucose may be
the increased total volume in which the glucose
may be distributed. When equilibrium is reestab-
lished essentially normal values obtain. On the
other hand, no correlation with the time of preg-

nancy can be seen if the data are arranged in order
of the weeks pregnant. Several different mecha-
nisms may, therefore, operate to produce this tend-
ency.

Intravenously injected glucose seems, then, to

be removed from the blood of pregnant women at

essentially the same rate as from the blood of
nonpregnant women. It becomes difficult now to

explain the previously reported tendency toward
a decreased tolerance of pregnant women to glu-
cose administered by mouth. This apparent para-

dox needs further elucidation.
This contradiction in results obtained by the in-

travenous and the oral glucose tolerance test in

pregnancy shows the oral route of administration,

TABLE II

Analysis of data of pregnant and control groups

Pregnant group Control group

Glucose in mgm. per 100 cc. blood Glucose in mgm. per 100 cc. blood
Minutes Number Minutes Number

after of after of
injection subjects Max. Min. Ave. Stand. injection subjects Max. Min. Aver. Stand.

Max.Mm. Aver. ~~devia. Ma. M. Ae. devia.

0 20 94 65 77 7 0 11 92 70 82 7
5 19 315 191 241 35 5 11 354 187 265 45
15 20 223 138 175 25 15 11 247 111 193 40
30 20 164 86 126 23 30 11 207 58 153 42
60 20 103 56 85 14 60 11 160 58 112 36
120 20 86 59 72 7 120 11 91 60 75 9

Average urine excretion 7.2% Average urine excretion 6.8%
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with its undesirable and uncontrollable factors in
the nonpregnant state, to be less desirable in the
pregnant state. Further, there is less objection on
the part of the patient to the intravenous adminis-
tration of 50 per cent glucose than to the ingestion
of large quantities of glucose by mouth. In this
series the rate of administration of the glucose
was as rapid as possible using a No. 18 gauge
needle. The only complaint registered by the pa-
tients in all instances was a sensation of "warmth"
first appearing at the site of the injection and later
in the neck. The sensation appeared within 30
seconds of the start of the injection and had com-
pletely vanished within 30 seconds of the comple-
tion of the injection.

SUMMARY

Intravenous glucose tolerance tests have been
performed on 20 pregnant women and on 11 non-
pregnant women within the childbearing age. The
intravenously injected glucose disappears from the
blood of the pregnant women at essentially the
same rate as from the blood of nonpregnant
women. There is a tendency for the blood sugar
of the pregnant women to return to fasting levels
more rapidly than of the nonpregnant individuals.
These results are discussed. It is concluded that
the tolerance for intravenously injected glucose is
essentially the same in the pregnant women as in
the nonpregnant women of childbearing age.
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