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AIMIrwd: BIIe~ 1be current test for ges1Idiooal diabetes mellitus (GDM) usa a gIucoIe IIIOII-.er 

test beverage, wbich frequently causes ps1rOlntesdnal symptoms, and veolpuneture. We Invesdpled. 
simpli8ed test using a beveraae of g1ueose polJmer and a capiUary whole blood g1ueose measurement. 

MBtb04s: In a randomized, double-blind clinical1rlal, women at 24 to 28 weeki' ges1Idion reeeived • 50-1 
g1ueose monomer (n :II 41) or RIucose polymer (n :II 35) beveraae. Venous and capiUary blood I8IIIpIes were 
ob1ained 1 hour later. The women then completed 81ancIardlzed quesdonnalres about 1beIr symptoms. 

1I6 .. 1Is: 1be g1ueose polymer beverage was assoc:Iated whb siplflcantly fewer IJfIIlPtGIII81ban was die 
glucose monomer drink: 1he mean was 1.1 symptoms per test whb 1he pueose lIlGIlomer drink and 0.4 
symptoDlS per test with 1he glucose polymer drink (P < 0.05), 51 percent of 1he WOBIen developed 8JIIIPfOIM 
after cIrinIdq 1he puoose monomer beverage, and 27 percent of 1he women developed symptoms after 
cIrinking 1he glucose polymer beverage (P < 0.05). Glueose type did not a«ect 1he I-hour .... gIucoee 
level, mean 5.94 mmollL (107 mt'cIJ.) for 1he glucose monomer and 5.76 mmollL (103.8 mt'dL) for 1he 
g1ueose polymer (P :II 0.79). For 1he capillary test, senshMty ft8 0.75 and sped8eity was 0.82 In detecdna 
a screeninl test positive by 1he venous plasma glucose criterion. 

Colle""*"': 1be resul1s of 1his study Indicate 1hat • glucose polymer beverage is better tolerated ...... 
glucose monomer beverage durinR GDM screening, but capillary glucose measurement mlPt be of limited 
use In clinics where many personnel perform 1he capillary blood pueose tes1iD& 0 Am Board Filii Praet 
1992; 5:241-7.) 

Gestational diabetes mellitus (GDM) complicates 
2 to 3 percent of pregnancies in the United 
States. 1 Using factors in the health history, such as 
age older than 25 years, obesity, history of GDM, 
and adverse obstetric history, O'Sullivan, et ale 
found that these criteria detected fewer than 
60 percent of women with gestational diabetes.2 

This low sensitivity prompted the Second Inter­
national Workshop-Conference on Gestational 
Diabetes Mellitus to recommend universal prena­
tal testing of women for GDM.l The workshop-
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conference endorsed screening with a I-hour, 
50-g oral glucose challenge test at 24 to 28 weeks' 
gestation. H a woman's venous plasma glucose is 
equal to or greater than 7.8 mmoVL (140 mgldL) 
1 hour after glucose ingestion, the second step is 
an oral glucose tolerance test (OGTI) for diag­
nosis.3 The study presented here was prompted 
by the desire to investigate modifications of the 
standard screening test in an effort to reduce the 
burden on staff and patients created by universal 
screening for GDM. 

The standard test beverage used for the glucose 
challenge test, a mixture of glucose monomer, 
water, flavor, and carbonation, is often associated 
with nausea, vomiting, dizziness, abdominal 
bloating, and headache.4,5 Many of these adverse 
effects are related to the high osmotic load of 
glucose, which causes delayed gastric emptying.6 

This problem has led to research into alternative 
beverages that are better tolerated. 

Lind and Hytten7 in 1969 demonstrated that 
blood glucose response curves were similar in 
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pregnant women after a 50-g test beverage of 
glucose or maltose. Court, et al.8 subsequendy 
studied the use of a glucose polymer to test for 
GDM. A 50-g loading dose of the glucose poly­
mer, under fasting conditions, produced peak and 
I-hour plasma glucose levels not significandy dif­
ferent from those recorded under identical condi­
tions using the glucose monomer. Court, et al. 
submitted questionnaires to a subset of 26 pa­
tients and found the glucose polymer to be signifi­
candy better tolerated. Court, et al. also com­
pared 100-g loading doses of glucose polymer 
with l00-g loading doses of glucose monomer 
under nonfasting conditions for screening. The 
mean plasma glucose level 1 hour after the test 
was not significantly different for polymer and 
monomer beverages when analyzed by a two­
tailed t-test.9 

Reece, et al.,4 in a study of 61 women, deter­
mined that glucose polymer and glucose mono­
mer produced equivalent plasma glucose peaks 
after 50-g loads and concluded that glucose 
polymer could be used for the glucose challenge 
test. He also found that women suffered less nau­
sea with glucose polymer, but an unspecified 
number of women did not complete the symptom 
questionnaire. 

Both Reece, et al. and Court, et al. used a 
mixture of glucose polymers prepared by degra­
dation of com starch (polycose TIl, Ross Labora­
tories, Columbus, OH), which is commercially 
available and widely used as a nutritional supple­
ment. Polycose TIl is a mixture of 3 percent glu­
cose, 7 percent maltose, 5 percent maltotriose, 
and 85 percent polysaccharides (4 to 15 glucose 
units long). The inexpensive powder is virtually 
tasteless and has an osmotic load one fifth that of 
glucose. 

In another effort to make screening simpler, 
researchers have investigated solid-phase reagent 
strips and reflectance photometry to measure cap­
illary glucose. Landon, et al.lO and Weiner, et al. ll 

both reported a high degree of correlation be­
tween venous plasma glucose levels and capillary 
whole blood glucose levels in pregnant women 
undergoing a glucose challenge test. Yoo and 
ChaOl2 confirmed these findings and found that 
capillary blood sampling was better tolerated by 
patients. 

We investigated a simplified screening test for 
gestational diabetes using a glucose polymer bev-
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erage and capillary blood sampling in a primary 
care clinic setting. Symptoms associated with glu­
cose polymer were compared with those associ­
ated with glucose monomer. We did not focus on 
the equivalence of glucose monomer and polymer 
for use in the glucose challenge test, as their 
equivalence for glucose tolerance testing has al­
ready been demonstrated.4,5,8,9 

In addition, using a reflectance meter, we com­
pared capillary blood sampling and glucose meas­
urement with venous sampling and laboratory 
glucose measurement in screening for GDM. 
These modifications in the screening test were 
compared with the standard glucose challenge 
test in terms of reliability, patient tolerance, and 
patient preference. 

Methods 
The research protocol was implemented from 
January 1988 to May 1990 at the Ketchikan Na­
tive Health Clinic in Ketchikan, Alaska, and Mt. 
Edgecumbe Hospital, Sitka, Alaska. Earlier ap­
proval by the Ketchikan Native Health Board and 
Southeast Alaska Regional Health Corporation 
was obtained. Health centers in Ketchikan and 
Sitka deliver comprehensive, free health care to 
native Alaskans residing in southeastern Alaska. 

Native Alaskan women at 24 to 28 weeks' ges­
tation, without a history of diabetes, made up the 
study population. All eligible women were invited 
to participate and informed consent was obtained. 
Participating women were randomized into two 
groups and received either a 50-g glucose mono­
mer beverage or glucose polymer beverage (poly­
cose TIl) in a double-blind design. Randomization 
was achieved by using consecutive numbers from 
a random number table. 

Each study participant was given a test bever­
age regardless of time oflast meal. One hour after 
ingesting the test beverage, venous and capillary 
blood samples were obtained. The capillary glu­
cose was immediately measured using glucose 
oxidase solid-phase reagent strips (Chemstrip 
bG TIl, Boehringer Mannheim Corporation, Indi­
anapolis, IN) and a reflectance photometer 
(Accu-Chek II Meter TIl , Boehringer Mannheim 
Corporation, Indianapolis, IN). 

The reflectance meters were calibrated with 
each new container of reagent strips using the 
manufacturer's instructions and verified using a 
standard glucose test solution. Using a spring-

 on 9 M
ay 2025 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 P

ract: first published as 10.3122/jabfm
.5.3.241 on 1 M

ay 1992. D
ow

nloaded from
 

http://www.jabfm.org/


loaded microlancet, the capillary blood sampling 
was perfonned by various clinic personnel, in­
cluding registered nurses and laboratory staff. 

The same personnel perfonned the capillary 
plasma glucose measurement. The venous sam­
ples were drawn into tubes containing sodium 
fluoride and centrifuged, and the plasma glucose 
was measured by the hexokinase method. A glu­
cose challenge test with a I-hour plasma glucose 
level measuring 7.8 mmoVL (140 mgldL) or 
greater was considered positive as recom­
mended by the Second International Workshop­
Conference on Gestational Diabetes Mellitus. l 

After blood sampling, study participants com­
pleted a standardized questionnaire about symp­
toms associated with the glucose challenge test 
and preference for venous or capillary blood 
sampling. 

All study participants were requested to under­
go a l00-g, 3-hour oral glucose tolerance test 
within 3 days of their glucose challenge test. 
Study participants also received their obstetric 
care at the testing clinic. The results were evalu­
ated by the criteria of O'Sullivan, et al. modified 
for venous plasma.2•3 

Appropriate statistical tests, including analy­
sis of variance, analysis of covariance, t-test, chi­
square, linear regression, correlation, and logistic 
regression, were used. The Mann-Whitney 
method was used to determine the area under the 
receiver operator characteristic curve.13 We at­
tempted by deduction to identify confounding 
variables that could obscure the association be­
tween gastrointestinal symptoms and test bever­
ages. We included parity in the analysis of c0-

variance when comparing mean symptoms 
experienced with the test beverages. While there 
are no data on the association of gastrointestinal 
symptoms during the glucose challenge test and 
parity, the latter is strongly associated with nausea 
and vomiting during early pregnancy.l4 Parity was 
included in the model of the association between 
the presence of a symptom and the type of test 
beverage by use of logistic regression. The statis­
tical analyses were perfonned using Solo version 
3.1 (BMDP Corp.). 

Results 
StIlJjtJCIs 
During the study period from January 1988 to 
May 1990, 76 women entered the study protocol. 

The age, gravida, parity, weight, family history of 
diabetes, and gestational week of women in 
the glucose monomer and polymer groups were 
similar. Ten women (13 percent) did not com­
plete the symptom questionnaire, but their base­
line characteristics did not differ significantly 
from those with complete data collection. Ac­
cordingly, the available data were used for further 
analysis. 

lIJ1«1 ofT.,1I#nJerwgfJS 011 P""'" GI~ 
Drinking the two test beverages, glucose mono­
mer and glucose polymer, resulted in mean 
I-hour plasma glucose levels that were not sig­
nificantly different. For all 76 women who en­
tered the study, the mean I-hour venous plasma 
glucose measurement after the glucose monomer 
beverage was 5.94 mmoVL (107 mg/dL) (confi­
dence interval 5.51 to 6.37 mmoVL, or 99.3 to 
114.7 mgldL) and after the glucose polymer bev­
erage, it was 5.76 mmoVL (103.8 mgldL) (con­
fidence interval 5.07 to 6.45 mmoVL or 91.3 to 
116.2 mgldL) (P = 0.79). 

The mean I-hour plasma glucose levels for the 
women who completed the symptom question­
naire were also not significantly different. Parity, 
prepregnancy weight, or amount of weight gain 
during pregnancy did not significantly affect this 
agreement when included in the model analyzed 
by analysis of variance. 

SympIoIIuAaoellllM flllli II» GI~ 
CIMlIMgBTal 
Sixty-six women completed the symptom ques­
tionnaire following the glucose challenge test. 
Women screened with the glucose polymer bev­
erage reported fewer symptoms than those study 
participants screened with the glucose monomer 
beverage. The proportion of women experienc­
ing any symptoms was lower in the glucose poly­
mer beverage group, 9 of 33, compared with 
the glucose monomer test beverage group, 17 
of 33. The odds ratio for women developing 
any symptom after drinking a glucose polymer 
beverage compared with a glucose monomer 
beverage was 0.33 (confidence interval 0.11 to 
0.95) by logistic regression with parity in­
cluded in the model (P < 0.05). Of the eight 
symptoms on the questionnaire, five had odds 
ratios of less than 1, signifying fewer symptoms 
associated with the glucose polymer beverage 
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'IlIbIe 1. Symp10ms -' Side I!&:cta AIIocIIded with GbwoIe Moacaer ad G1ucoee Polymer Tat JIeverIIFI durIn& • Sc:reeaJaa Tat for 
GaIadoaal Diabetes Memt..1ll1Vomen at 24 to 28 Wee'" GaIatIon (0 • 66). 

Glucose Glucose Polymer 
Symptom or Side Effect Monomer (n • 33) (n = 33) 

Number of patients with 17 9 
any symptom 

Felt sick 4 0 

Felt nauseated 10 4 

Headache 5 1 

Felt dizzy 5 2 

Felt bloated 6 4 

Felt tired 3 4 

Vomited 0 0 

Felt abdominal discomfort 2 0 

Mean number of 1.1 0.4 
symptoms per test 

NA. confidence interval is not applicable as it is not interpretable. 
NS • not significant. 

Odds Ratio 
Odds Ratio 95% Confidence Interval PValue 

0.33 0.11,0.95 0.03* 

<O.oI NA NS* 

0.22 0.05,0.90 0.03* 

<0.01 NA NS* 

0.34 0.06,1.95 NS* 

0.61 0.51,2.41 NS* 

1.00 0.03,6.65 NS* 

1.00 NA NS* 

0.42 0.03,5.43 NS* 

0.03t 

*Logistic regression with test solution and parity as independent variables. 
tAnalysis of covariance with adjustment for parity. 

(Table 1). Only the difference in frequency of 
nausea had statistical significance at the P = 0.05 
level with an odds ratio 0.22 (confidence interval 
0.05 to 0.90). 

The mean symptom scores associated with the 
two test beverages (the sum of all symptoms di­
vided by the number of subjects) were signifi­
candy different, with a mean symptom score of 
1.1 for those in the glucose monomer group and 
0.4 for those in the glucose polymer group (analy­
sis of covariance, adjusted for parity, P < 0.05). 
The 95 percent confidence interval of the differ­
ence in mean symptoms was 0.1 to 1.2 symptoms 
per screening test. 

1fJT«t of Blootl SIImp""'''_ GlflC05B MetI8IIrl"g 
TBCbItIqfuls 011 Blootl GIIleO.W MMSfIrfJmB1JI 
There was a high degree of correlation between 
capillary whole blood glucose measured with 
solid-state reagent strip and meter and venous 
plasma glucose measured by the hexokinase 
method (r= 0.82, confidence interval 0.72 to 
0.89). The mean difference between venous 
plasma glucose and capillary whole blood glucose 
was -0.04 mmoVL (0.7 mg/dL) (confidence 
interval -0.20 to +0.28 mmoVL, or - 3.6 to 
+ 5.0 mg/dL). 

Regression analysis of the capillary whole 
blood glucose levels and the venous plasma glu­
cose levels, using a least-squares method, gener­
ated the line of best fit for the data: 
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Capillary whole blood glucose. 
1.2 + 0.79 (venous plasma glucose) 

The data from the two test beverages were 
pooled to generate a single regression line, as the 
separate regression lines for the monomer and 
polymer test beverages test for coincidence (F = 1.4, 
P> 0.10). The capillary whole blood glucose 95 
percent prediction interval for a venous plasma glu­
cose of 7.8 mmoJ/L (140 mgldL) was calculated to 
be 5.4 to 9.3 mmoJ/L (97.3 to 167.3 mgldL). 

No cases of GDM were found. Sixty-two 
women (82 percent) completed an oral glucose 
tolerance test, including all women with a glucose 
challenge test result of 7.8 mmollL (140 mgldL) 
or greater. The mean glucose challenge test result 
for women who did not complete an oral glucose 
tolerance test was 6.06 mmollL (109.2 mgldL). 
Four women had a positive glucose challenge 
test with venous plasma glucose> 7.8 mmollL 
(140 mg/dL) on the screening test. By receiver 
operator characteristic curve analysis and identi­
fication of the point closest to a true-positive rate 
of 1 and a false-positive rate of 0, the optimal 
cutpoint for capillary whole blood glucose meas­
urement to detect women with a positive glucose 
challenge test, by venous plasma criterion, was 
6.94 mmoVL (125 mgldL),ls This cutpoint re­
sulted in the capillary blood test having a sensitiv­
ity of 0.75 and specificity of 0.82. The area under 
this curve is 0.83 (a test with the area of 1 perfectly 
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distinguishes between nonnal and abnormal con­
ditions, whereas a test with the area of 0.5 cannot 
distinguish between these two groups).13 

Bloo4 SlImp". PrejilmtCB 

Women were polled, immediately after venipunc­
ture and capillary sampling, as to their preference 
of technique for blood sampling. Twenty-three 
women preferred venipuncture, 26 women pre­
ferred capillary sampling, and the remainder 
listed no preference. The proportions preferring 
one of the two sampling techniques were not sig­
nificantly different (x2 = 0.314, 1 df, P = 0.575). 

Discussion 
This investigation focused on symptoms experi­
enced by women in the second trimester of preg­
nancy while undergoing screening for GDM with 
a glucose challenge test using the traditional glu­
cose monomer beverage or a glucose polymer 
beverage. The glucose polymer beverage was as­
sociated with significantly fewer symptomatic 
women, and those who received the glucose poly­
mer noted significantly fewer symptoms per test 
after adjustment of their symptoms for parity. 

Although our study has confirmed previous re­
search on using a glucose polymer beverage, there 
are several limitations to this investigation. De­
spite collecting more data than previous studies, 
our sample size was small. Our inability to find 
significant differences in most of the symptoms 
women experienced during the glucose challenge 
test using the two beverages could be due to the 
small sample size. The confidence intervals of the 
odds ratios for the symptom data were quite wide, 
which is also a function of the small sample size. 

The dichotomous symptom response data re­
sult from the design of our questionnaire. This 
limitation prevented us from detecting differ­
ences in severity of symptoms between the bever­
ages, because a mild and a severe symptom were 
both recorded as the simple presence of a symp­
tom. It is possible that when symptoms were 
present with the polymer beverage, they were 
not as intense as with the monomer beverage. 

The patient questionnaire was subjective in na­
ture although it was based on complaints associ­
ated with the glucose monomer beverage as re­
ported in the literature and by women previously 
screened for GDM in our patient population. 
None of the questions focused on symptoms asso-

ciated specifically with the polymer beverage, as 
no specific symptoms had been identified by the 
previous studies. Our questionnaire contained an 
open-ended request for unlisted symptoms in an 
attempt to identify other morbidity. The only 
additional complaint that we collected was that 
one study participant thought the polymer bever­
age was "not sweet enough." 

The capillary method of blood glucose deter­
mination gave a mean glucose measurement not 
significantly different from the venous plasma­
based technique. The correlation between the 
blood glucose testing techniques was high. We 
cannot determine the ability of the modified 
screening test, using the capillary blood tech­
nique, to detect women who eventually are shown 
to have GDM by an abnormal oral glucose 
tolerance test because no cases of GDM were 
uncovered. 

The sensitivity of the capillary method to de­
tect an abnonnal screening test as defined by a 
venous plasma glucose of 7.8 mmoVL (140 
mg/dL) was 0.75. This finding compares unfavor­
ably to a sensitivity of 0.93 found by Landon, et 
al. IO Our specificity, 0.82, was also lower than that 
found by Landon, et al. The lower sensitivity 
could be a function of different definitions of a 
positive glucose challenge test. Landon, et al. 
used a plasma glucose cutpoint of 7.5 mmoVL 
(135 mg/dL), while we used the cutpoint of 
7.8 mmoVL (140 mg/dL), as recommended by 
the Second International Workshop-Conference 
on Gestational Diabetes. Our test protocols were 
also different; in the Landon, et al. study only 
1 nurse performed the capillary glucose meas­
urement, and the reflectance meter was cali­
brated before each test. Our study used various 
personnel in two clinics, and the equipment was 
~brated less frequently. Landon, et al. paid 
greater attention to detail, which might increase 
the accuracy of the capillary glucose measurement 
method but would also make using in-office 
capillary glucose reflectance meters much more 
cumbersome. 

H capillary blood tests were substituted fur ve­
nous blood tests in screening fur GDM, one posi­
tive glucose challenge test would have been 
missed, although no cases of GDM would have 
gone undiagnosed in this population. Of more 
concern is the low specificity of the capillary 
blood method, which would cause 13 women with 
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nonnal glucose challenge tests by venous plasma 
glucose criterion to undergo full oral glucose tol­
erance tests if capillary blood glucose measure­
ment were used. Any savings in test cost and 
patient morbidity by substituting capillary sam­
pling for venous sampling would be offset by the 
larger number of women who end up undergoing 
a 3-hour oral glucose tolerance test. 

The lack of patient preference for capillary 
sampling was surprising as capillary sampling is 
widely used for blood sampling in children and for 
repeated sampling in adults. Despite the generally 
held perception that capillary sampling is less in­
vasive, women in this study did not prefer this 
method. Because our women were polled im­
mediately after experiencing both blood-drawing 
techniques, their responses probably reflected 
their actual preferences. Whether this ambiva­
lence to blood sampling technique is general­
izable or a characteristic of Alaskan women can­
not be discerned. 

Condusions 
The results of this study indicate that a glucose 
polymer beverage is better tolerated by pregnant 
women undergoing screening for GDM than is 
the widely used glucose monomer beverage. The 
proportion of women with any symptom after 
drinking a glucose polymer beverage was 9 of 33 
compared with 17 of 33 for those drinking a 
glucose monomer beverage, a significant differ­
ence (P < 0.05). The mean number of symptoms 
per test was also significandy less in the glucose 
polymer group (0.4) compared with that of the 
glucose monomer group (1.1) (p < 0.05). The 
mean 1-hour venous plasma glucose reading of 
the glucose polymer beverage group was not sig­
nificantly different from that of the glucose 
monomer beverage group. 

Capillary plasma glucose samples had a 
high correlation with venous plasma glucose sam­
ples (r = 0.82); mean difference was 0.04 mmollL 
(0.7 mgldL) (confidence interval-0.20 to +0.24 
mmollL,or -3.6to +4.3 mgldL). The sensitivity 
and specificity of the capillary-based test, how­
ever, raises concern about its clinical usefulness in 
clinics where many personnel perfonn the capil­
lary blood glucose testing. 

We thmk the medic:al, nursing, phmnacy, laboratory, and 
cleric:al statrs of the Ketchikan Native Health Clinic and Mt. 
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Edgecumbe Hospital. Without their hard work and support, this 
project could not have been completed. Dr. C. Schraer, of the 
Alaska Area Native Health Service, kindly reviewed the research 
protocol and manuscript and gave important input to both. Julie 
Quinlan expertly prepared the numerous drafts of this manuscript 
in preparation for publication. 
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DON'T WAIT RESERVE YOUR APPLICATION TODAY 

SEND YOUR WRITTEN REQUEST FOR APPLICATION MATERIALS TO: 

Sports Medicine CAQ 

American Board of Family Practice 

2228 Young Drive 

Lexington, Kentucky 40505 

YOUR MATERIALS WILL BE MAILED TO YOU AUTOMATICALLY 
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