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Key Messages

� Diabetes Canada’s preferred approach to the diagnosis of gestational diabetes mellitus combines a 50 g glucose load test and a 75 g
oral glucose tolerance test.

� We compared this 2-step method with 7-day self-monitoring of blood glucose.
� We found that 53.8% of women with gestational diabetes mellitus were normoglycemic according to self-monitoring of blood
glucose and, conversely, that 11.7% of women with normal oral glucose tolerance tests were hyperglycemic.

� Abnormal oral glucose tolerance tests and self-monitored blood glucose levels were equally associated with greater neonatal
complications, suggesting that the 2 must be considered equally.
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Objectives: To compare: 1) 75 g oral glucose tolerance test (OGTT) and self-monitoring of blood glucose
(SMBG) in identifying gestational diabetes mellitus (GDM) and other hyperglycemic statuses in pregnant
women; 2) pregnancy outcomes according to glycemic status; and 3) participants’ opinions regarding
both methods.
Methods: A prospective study in women with a 50 g glucose load test �7.2 mmol/L at 24 to 28 weeks’
gestation and singleton pregnancy. Women underwent OGTT (blinded) at day 1, followed by 7 days of
SMBG (4 daily measurements: fasting and 2 h postprandially) without modifying diet or lifestyle. GDM
(OGTTþ) was diagnosed using the criteria of the International Association of the Diabetes and Pregnancy
Study Groups, while pregnancy hyperglycemia (SMBGþ) was defined as �4/7 glucose values �5.3 after
fasting or �6.7 mmol/L 2 h postprandially for any meal of the day. Equivalent management was provided
to women with GDM and/or pregnancy-related hyperglycemia.
Results: We divided 103 participants (age: 29.5�5.0 years; prepregnancy body mass index: 25.3�5.4 kg/
m2) into 4 groups according to test results: OGTTþ/SMBGþ (n¼12, 11.7%); OGTTþ/SMBGe (n¼14, 13.6%);
OGTTe/SMBGþ (n¼9, 8.7%); and OGTTe/SMBGe (n¼68, 66.0%). Clinical characteristics and maternal
outcomes were statistically similar between groups. Neonatal complication rates were greater in groups
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grossesse
autosurveillance de la glycémie
with hyperglycemia than in the OGTTe/SMBGe group, notably neonatal hypoglycemia (9/12, 7/14, 5/9 vs.
6/68; p<0.001). Participants reported no convenience difference between methods but would prefer
OGTT for a future pregnancy.
Conclusions: More than half of the women with OGTTþ were normoglycemic in daily life. Conversely,
11.7% of women with OGTTe had pregnancy hyperglycemia. OGTTþ and/or SMBGþ were equally asso-
ciated with greater neonatal complications. This study suggests that alongside OGTT, SMBG could
improve the care of pregnant women.
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Objectifs : Comparer: 1) le test d’hyperglycémie provoquée par voie orale (HGPO) avec 75 g de glucose et

une autosurveillance de la glycémie (ASG) dans l’identification du diabète gestationnel (DG) et d’autres
états hyperglycémiques chez la femme enceinte; 2) les issues de grossesse en fonction de l’état glycé-
mique; et 3) l’opinion des participantes concernant les deux méthodes.
Méthodes : Une étude prospective chez des femmes présentant une épreuve de charge en glucose de 50 g
� 7,2 mmol/L entre 24 et 28 semaines de gestation et une grossesse unique. Les femmes ont subi une
HGPO (résultats en aveugle) au jour 1, suivie de 7 jours d’ASG (4 mesures quotidiennes: à jeun et 2 h
après les repas) sans modifier leur régime alimentaire ni leur mode de vie. Le DG (HGPOþ) a été diag-
nostiqué selon les critères de l’Association Internationale des Groupes d’Etude sur le Diabète et la
Grossesse, tandis que l’hyperglycémie de grossesse (ASGþ) était définie par �4/7 valeurs de glucose �5,3
à jeun ou � 6,7 mmol/L 2 h après les repas pour tout repas de la journée. Une prise en charge équivalente
a été fournie aux femmes atteintes de DG et/ou d’hyperglycémie liée à la grossesse.
Résultats : Nous avons réparti 103 participantes (âge: 29,5�5,0 ans; indice de masse corporelle avant la
grossesse: 25,3�5,4 kg/m2) en 4 groupes selon les résultats des tests: HGPOþ/ASGþ (n¼12, 11,7%);
HGPOþ/ASGe (n¼14, 13,6%); HGPOe/ASGþ (n¼9, 8,7%); et HGPOe/ASGe (n¼68, 66,0%). Les caractér-
istiques cliniques et les issues maternelles étaient statistiquement similaires entre les groupes. Les taux
de complications néonatales étaient plus élevés dans les groupes avec hyperglycémie que dans le groupe
HGPOe/ASGe, notamment l’hypoglycémie néonatale (9/12, 7/14, 5/9 contre 6/68, p<0,001). Les partic-
ipantes n’ont signalé aucune différence de commodité entre les méthodes, mais préféreraient l’HGPO
pour une future grossesse.
Conclusions : Plus de la moitié des femmes avec HGPOþ étaient normoglycémiques dans la vie quoti-
dienne. À l’inverse, 11,7% des femmes avec HGPOe présentaient une hyperglycémie de grossesse.
L’HGPOþ et/ou l’ASGþ étaient également associées à de plus grandes complications néonatales. Cette
étude suggère que, parallèlement à l’HGPO, l’ASG pourrait améliorer les soins prodigués aux femmes
enceintes.
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Introduction

Gestational diabetes mellitus (GDM) is a state of glucose intol-
erance of variable severity, with onset or first recognition during
pregnancy. GDM affects 2% to 20% of pregnancies, depending on the
ethnicity, age and body mass index (BMI) of the mother and on
screening and diagnostic methods (1,2). GDM carries many risks for
both mother and neonate, although most complications (hyper-
tension, macrosomia, small or large for gestational age, hypogly-
cemia) (1,2) can be reduced by treatment during pregnancy (3e6).
GDM is also associated with increased lifetime risk for type 2 dia-
betes and cardiovascular diseases for the mothers (7,8) and of
obesity, metabolic syndrome and diabetes for the offspring (9,10).

In North America, GDM is diagnosed using either a 1- or a 2-step
procedure. In the 1-step method, GDM is directly screened and
diagnosed using a 75 g oral glucose tolerance test (OGTT). The
2-step method consists of screening with a 50 g glucose load test
(50 g GLT), followed by diagnosis by an OGTT. Diabetes Canada
recommends a 75 g OGTT, whereas the American Diabetes Asso-
ciation recommends a 100 g OGTT (1,2).

The accuracy and reproducibility of OGTTs have been the sub-
jects of lengthy debates (11e14). Threshold values for GDM diag-
nosis have been reassessed numerous times since the Princeps
study by O’Sullivan in 1964 (15). In 2010, the International
Association of Diabetes and Pregnancy Study Groups released their
recommendations for GDM diagnosis, and they are now widely
recognized (16).

In current practice, whenwomen are diagnosed with GDM (also
referred to as OGTTþ in this article), a diet-and-exercise program is
initiated immediately, along with self-monitoring of blood glucose
(SMBG) to track daily glucose profiles. Therefore, current guidelines
do not call for daily glucose profiles to be routinely recorded under
normal conditions, before lifestyle modifications, and SMBG com-
parison is not used to assess the efficacy of these modifications.
Pharmacologic therapy is initiated when recommended SMBG
targets are not met (1,2).

It has been established that more than 60% of women diagnosed
with GDM are successful in controlling their glucose levels using
diet and exercise alone (17,18). However, under routine clinical care,
we have noticed a paradox: many OGTTþ pregnant women report
normal SMBG values despite not having changed their lifestyle
habits. This could suggest an intermediate stage in which women
are normoglycemic in daily life but respond pathologically to acute
oral glucose challenges after overnight fasts (OGTTþ) (19). The
frequency of this particular glycemic status and its impact on
pregnancy outcomes have yet to be explored. Conversely, the
occurrence of unexpected neonatal complications in women
without GDM (OGTTe) observed in clinical practice and in
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population studies (20e23) may suggest that a proportion of these
women could be dysglycemic but that it is overlooked by OGTTs.

These pieces of evidence bring into question the reliability of the
OGTT as a diagnostic test when performed alone. Our objectives in
this exploratory study were to compare: 1) 75 g OGTT and SMBG in
defining hyperglycemic statuses in pregnant women; 2) pregnancy
outcomes according to glycemic status; and 3) women’s opinions
with respect to the relative convenience of OGTT and SMBG.

Methods

Study design

We conducted a prospective study of pregnant women receiving
pre- and perinatal care and delivering at the Centre Hospitalier
Universitaire de Sherbrooke (CHUS), Quebec, Canada, between
November 11, 2014, and September 30, 2015. The experiment’s
protocol was reviewed and approved by the CHUS research ethics
committee. All participants were duly informed and gave written
consent prior to participation, in accordance with applicable laws
and regulations.

Participants

Women were approached to participate during the 50 g GLT
screening test at the CHUS Blood Sampling in Pregnancy Clinic (24).
Inclusion criteria were age �18 years, singleton pregnancy, 24 to
28weeks’ gestation, 50 g GLT�7.2mmol/L (GLTþ) and being able to
read and understand French. We choose the American Diabetes
Association 7.2 mmol/L threshold rather than 7.5 or 7.8 mmol/L to
increase sensitivity (25). Exclusion criteria were prepregnancy
diabetes, disease or treatment interfering with glucose metabolism
and any disorder susceptible to creating a bias in results and/or
hindering the study data analyses and interpretation.

Course of the study

On day 1, women performed the 75 g OGTT at the CHUS
Research Centre after fasting for at least 8 h. They ingested a 300mL
drink (Jamp-Glucose 75, Jamp-Pharma, Boucherville, Quebec,
Canada). Venous blood samples were taken before ingestion, and
1-h and 2-h postingestion. During the waiting time, a nurse
educator instructed women on how to perform SMBG with a cali-
brated glucometer (variations <10% between blood glucose values
measured at the CHUS Biochemistry Laboratory and the glucometer
were accepted. This calibration was done once; glucometers with
more than a 10% variation were set aside and not retested later).
SMBG material was provided to participants free of charge. Par-
ticipants were asked to self-monitor glycemia 4 times a day (after
fasting and 2 h after the beginning of each of breakfast, lunch and
dinner, according to routine practice in our area), over 7 consecu-
tive days (days 2 through 8) without modifying their eating or
exercise habits. SMBG levels were registered by participants on a
preprinted data sheet, which they were asked to transmit to the
study nurse (via e-mail or fax) on day 9. Upon receipt, the ques-
tionnaire was sent out to participants. Completed questionnaires
were returned the same day, i.e. before diagnoses were announced
to participants.

Results of the 75 g OGTT were blinded to both participants and
the research team until reception of the SMBG data and question-
naire. International Association of Diabetes and Pregnancy Study
Groups criteria (fasting �5.1 mmol/L, 1-h postprandial
�10.0 mmol/L and 2-h postprandial �8.5 mmol/L) were used for
diagnosis of GDM (OGTTþ) (1,2,16). We defined pregnancy hyper-
glycemia (also referred to as SMBGþ in this article) as a state in
which at least 4 of the 7 SMBG glucose values for any time point of
the day (fasting or 2 h postprandially) exceeded the target values
used for women with GDM (<5.3 mmol/L and <6.7 mmol/L,
respectively, as recommended by Diabetes Canada and the Amer-
ican Diabetes Association) (1,2). For instance, awomanwith glucose
values �6.7 mmol/L after 4 of 7 dinners qualifies as having preg-
nancy hyperglycemia. A woman with 3 high values after breakfast
and 1 high value after dinner would not be considered hypergly-
cemic because the 4 values are not recorded at the samemoment of
the day. These SMBG values were not blinded to participants in
order to assess conditions close to daily practice. Participants with
OGTTþ and/or SMBGþ received the recommended care delivered
to women with GDM at our dedicated Diabetes in Pregnancy Clinic
(24): a 3-h educational group session and diet and exercise inter-
vention under SMBG surveillance. Insulin therapy was initiated
when SMBG values remained above recommended targets at the
first follow up (1 or 2 weeks) or later in pregnancy if deterioration
in glucose profiles was detected.

Study variables

Demographic and clinical data were recorded at enrolment.
Gestational age was calculated from the last menstrual period.
Women self-reported their prepregnancy weights, which were
used to calculate prepregnancy BMI (kg/m2).

Plasma glucose was measured in the Biochemistry Laboratory of
the CHUS with the hexokinase enzyme technique (Roche Di-
agnostics, Indianapolis, Indiana, United States). Two types of gluc-
ometers of comparable precision (26,27) were used to measure
SMBG (Accu-Chek Aviva, Roche Diagnostics, Laval, Quebec, Canada,
and Freestyle Lite, Abbott Diabetes Care Canada, Mississauga,
Ontario, Canada) by 59% and 41% of the women, respectively. SMBG
values were classified as being either below or above recom-
mended targets and, per protocol, were used to define pregnancy
hyperglycemia.

Based on the Metformin in Gestational Diabetes study (3) and
on the Diabetes Treatment Satisfaction Questionnaire (28), a 5-item
suitability questionnaire was developed using standard back-
translation, English/French, as we had done in another study (29).

Data concerning pregnancy, delivery and neonatal outcomes
were extracted from medical files. Maternal variables included
GDM treatment, weight at delivery, weight gain, hypertension and
mode of delivery. Neonatal variables included sex, sex-, race- and
gestational age-specific birth weights, gestational age, malforma-
tions and admission to the intensive care unit. We defined a
metabolic composite outcome score per group as the total number
of neonatal metabolic complications in that group, including large
for gestational age, macrosomia (�4000 g), small for gestational
age, 5-min Apgar score <7, hypoglycemia (<2.6 mmol/L), hyper-
bilirubinemia, birth trauma and respiratory distress syndrome. We
looked at additional delivery/neonatal outcomes separately:
caesarian sections, admissions to the intensive care unit and
lengths of stay.

Women’s compliance with SMBG was defined as the percentage
of tests completed relative to the total maximum of 28 (4 tests per
day during 7 days).

Statistical analyses

Because of the relatively small number of women in each
category, nonparametric tests were used for the main statistical
analyses. Continuous variables are presented as mean � SD; cate-
gorical variables as frequencies and percentages. Comparisons of
continuous variables between subgroups of OGTT and SMBG sta-
tuses were performed using the Kruskal-Wallis andMann-Whitney
tests for independent groups. Categorical variables were compared
using Fisher exact tests. For the composite score, a 1-sample chi-
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squared test was used to compare the distribution of adverse
events among groups with the expected distributions of these
events. Generalized estimating equations for binomial outcome
with logit link, considering repeated measures on a same subject,
were used to assess the glucose values exceeding target variables. A
Spearman rank correlationwas used to test the associations among
variables in the different groups, and a Pearson correlation was
used for the whole cohort. Statistical significance was set at
p<0.05, and p values were adjusted by Holm-Bonferroni correction
for multiple paired post hoc comparisons. Statistical analyses were
performed using SPSS v. 20 software (IBM, Armonk, New York,
United States).
Results

We approached 993 pregnant women (Figure 1) and recruited
103 (10.4%) eligible participants (age 29.5�5.0 years, prepregnancy
BMI 25.3�5.4 kg/m2, 55% multiparous, 50 g GLT 8.2�0.8 mmol/L at
27.1�1.0 weeks’ gestation).

Women were classified into 4 diagnostic groups according to
OGTT and SMBG status (Table 1). Age and weight across groups
were not statistically significant in difference. Of the entire cohort,
84 (81.6%) were�25 years of age, and 46 (44.7%) had prepregnancy
BMIs �25 kg/m2. Other risk factors are listed in Table 1.

Of the 26 (25%) women diagnosed with GDM (OGTTþ), SMBG
revealed pregnancy hyperglycemia in 12 (group A, 46.2%) and
normal levels in 14 (group B, 53.8%). Of the 77 (75%) participants
with normal OGTTs, 9 had positive SMBG levels (group C, 11.7%),
Approached during 50 g GLT
n=993

Accepted to be contacted
n=548

50 g GLT ≥7.2 mmol/L
n=103

Positive
n=26 (25%) n=

75 g OGTT

Positive
n=12

(11.7%)
Group A

SMBG

Negative
n=14

(13.6%)
Group B

Positive
n = 9

(8.7%)
Group C

Figure 1. Course of the study. 50 g GLT, 50 g glucose load test; n (%), numbers and percentage
self-monitoring of blood glucose. *Including 159 women with 50 g-GLT �7.2 mmol/L (35.7
and 68 had normal SMBG levels (group D, 88.3%). Overall, test
discordance was revealed for 23 (22.3%) women in the cohort.

OGTT glucose values (Table 1) differed in all groups at fasting,
1-h and 2-h, with higher values in groups A and B compared to
group D at all 3 test times, as expected based on the groups’ defi-
nitions. Group B’s 1-h value was greater than group C’s, and group
C’s 1-h value was greater than group D’s.

SMBG data (Table 1) also showed significant differences among
groups for mean glucose values at fasting, each 2-h, and the mean
of all 2-h values, as expected based on the groups’ definitions. There
were no differences in SMBG levels between groups A and C (both
SMBGþ) or between groups B and D (both SMBGe). Individual
postprandial values were higher in group A than in groups B and D.
Group C had higher overall postprandial values than groups B and
D. Over the 28 measurements, the mean number of glucose values
exceeding recommended targets, per participant, was higher (10
and 9.8) in groups A and C, respectively, than in groups B and D (3.5
and 2.4, respectively). Among the 21 women classified as SMBGþ
(20.4%; groups A and C), 16 (76.2%) exceeded targets at only 1 of the
4 daily testing times, 3 (14.3%) at 2 and 2 (9.5%) at all 4 (total: 30).

Comparing OGTT and SMBG glucose values in the whole cohort
showed a correlation between fasting glucose onOGTTand on SMBG
(r¼0.626; p<0.001) and between 2-h OGTT and SMBG values after
breakfast (r¼0.211; p¼0.033). In each of the 4 groups, there were
correlations only for fasting values (OGTT vs. SMBG) in groups 1
(r¼0.856; p<0.001), 3 (r¼0.905; p¼0.001) and4 (r¼0.474; p<0.001).

Therewas no difference between the glucose values of the first 3
and the last 3 days of the 7-day SMBG period (fasting, 4.52�0.41 vs.
4.56�0.44; p ¼ 0.523; after breakfast, 5.68�0.80 vs. 5.74�0.75;
 

Refused to be contacted: 445*

50 g GLT <7.2 mmol/L: 379
Not eligible (other criteria): 13
Refused to participate: 52

Negative
77 (75%)

SMBG

Negative
n = 68

(66.0%)
Group D

s of the whole cohort of participants; 75 g OGTT, 75 g oral glucose tolerance test; SMBG,
%).



Table 1
Maternal characteristics

Participants
(N¼103)

Group A: OGTTþ and
SMBGþ (n¼12)

Group B: OGTTþ and
SMBGe (n¼14)

Group C: OGTTe and
SMBGþ (n¼9)

Group D: OGTTe and
SMBGe (n¼68)

p value

Age (years) 29.5�5.0 32.0�6.5 26.9�5.0 28.7�4.0 29.8�4.7 0.188
Prepregnancy weight (kg) 66.7�17.0 67.6�12.4{ 66.3�13.5 79.0�18.8 66.4�13.2 0.266
Prepregnancy BMI (kg/m2) 25.3�5.4 26.2�5.8 25.2�4.6 30.5�8.8 24.5�4.6 0.116
Weight at OGTT (kg) 76.5�15.0 80.8�22.3{ 76.4�14.7 88.3�17.8 74.3�12.7 0.107
Gestational weight gain at OGTT (kg) 8.5�4.2 9.1�3.2 10.1�5.2 9.2�3.9 7.9�4.1 0.435
Weeks of gestation at OGTT 27.7�1.0 28.0�1.3 27.7�1.0 27.6�1.2 27.7�1.0 0.683
50 g GLT 8.2�0.8 8.3�0.6 8.6�1.0 8.3�0.6 8.1�0.6 0.270
Risk factors for GDM 95 (92.2) 12 (100.0) 13 (92.9) 9 (100.0) 61 (89.7) 0.693
Age �25 years: n (%) 84 (81.6) 10 (83.3) 10 (71.4) 7 (77.8) 57 (83.8) 0.667
Prepregnancy BMI �25 kg/m2 n (%) 46 (44.7) 5 (41.7) 7 (50.0) 7 (77.8) 27 (39.7) 0.191
Race or ethnic group
Caucasian: n (%) 101 (98.1) 11 (91.7) 14 (100.0) 9 (100.0) 67 (98.5) 0.385
Other: n (%)* 2 (1.9) 1 (8.3) 0 (0.0) 0 (0.0) 1 (1.5)

Previous GDM: n (%) 7 (6.8) 0 (0.0) 1 (7.1) 0 (0.0) 6 (8.8) 0.912
Family history of diabetes: n (%) 17 (16.7)x 5 (45.5)x 3 (21.4) 1 (11.1) 8 (11.8) 0.045
OGTT (mmol/L)
Fasting 4.4�0.4 4.9�0.5jj 4.6�0.4# 4.4�0.2 4.3�0.3 <0.001
1 h 8.3�1.6 9.2�1.8jj 10.5�1.0jj 8.6�0.8#,** 7.6�1.1 <0.001
2 h 6.6�1.3 7.9�1.6jj 7.5�1.3jj 6.5�1.2 6.2�1.0 <0.001

SMBG (mmol/L)
Fastingy 4.5�0.4 5.0�0.6# 4.5�0.4 4.7�0.4 4.4�0.3 <0.001
2 h after breakfasty 5.7�0.7 6.5�1.0jj,yy 5.6�0.5 5.8�0.8 5.5�0.5 <0.001
2 h after lunchy 5.9�0.7 6.6�0.9jj,** 5.6�0.5 6.9�0.6jj,** 5.7�0.4 <0.001
2 h after dinnery 5.9�0.6 6.6�0.7jj,** 5.7�0.5 6.2�0.5jj 5.7�0.4 <0.001
2 h postprandialz 5.8�0.5 6.6�0.8jj,** 5.7�0.4 6.3�0.4jj,** 5.6�0.3 <0.001

Glucose values exceeding targets (n, %) 419/2647 (15.8) 120/326 (36.8)jj,** 49/387 (12.7)zz 88/250 (35.2)jj 162/1684 (9.6) 0.0002
Gestational hyperglycemia (n)
Fasting 6 5 - 1 - 0.178
2 h after breakfast 7 5 - 2 - 0.642
2 h after lunch 11 5 - 6 - 0.387
2 h after dinner 6 3 - 3 - 1.000

Gestational hyperglycemia at n (%)
1 moment of the day 16/21 (76.2) 8 (66.7) - 8 (88.9) - 0.355
2 moments of the day 3/21 (14.3) 3 (25.0) - 0 (0.0) -
3 moments of the day 0/21 (0.0) 0 (0.0) - 0 (0.0) -
4 moments of the day 2/21 (9.5) 1 (8.3) - 1 (11.1) -

BMI, Body mass index; GDM, gestational diabetes mellitus; GLT, glucose load test; OGTT, oral glucose tolerance test; OGTTe, glucose values below GDM range; OGTTþ, glucose
values in GDM range; SMBG, self-monitoring of blood glucose; SMBGe, below pregnancy hyperglycemia range; SMBGþ, pregnancy hyperglycemia.

* Hispanic (n¼2).
y Mean � SD of 7 values.
z Mean � SD of the 3 postprandial capillary glucose values.
x Information unavailable for one woman (adopted).
{ Information unavailable for one woman.
jj �0.009 and #¼0.02: compared to group D.
** �0.009 and yy ¼ 0.02: compared to group B.
zz �0.009 compared to group C.
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p ¼ 0.557; after lunch, 5.89�0.85 vs. 5.89�0.78; p¼0.979; after
dinner, 5.86�0.67 vs. 5.88�0.72; p¼0.821).

Mean compliance with SMBG was 97.6% (fasting, 99%; after
breakfast, 97.1%; after lunch, 97.6%; after dinner, 96.9%). Overall,
69 women (67% of the cohort) complied with 28 of 28 tests, and 101
(98.1%) completed at least 24 of 28 measurements.

Maternal and neonatal outcomes are presented in Table 2.
Weight at study entry, weight gain (Table 1), birth weight, gesta-
tional age at delivery and mode of delivery were not statistically
different in any of the groups. Treatment was similar for the
3 groups with hyperglycemia and significantly different from that
for group D. Neonatal complications were found in 44 (42.7%) in-
fants: 22 (21.4%) had 1, 18 (17.5%) had 2 and 4 (3.9%) had at least 3.
Neonatal hypoglycemia rates were significantly greater in groups A
(n¼9, 75.0%), B (n¼7, 50.0%) and C (n¼5, 55.6%) compared to group
D (n¼6, 8.8%; p�0.001). Additionally, therewas no difference in the
ratio of composite score values per neonate among groups A, B and
C, but the ratios in each of these 3 groups were significantly greater
than those in group D.

The suitability questionnaire (Table 3) was completed by all
participants. Women seem to prefer performing the OGTT (n¼52,
50.5%) to the SMBG (n¼36, 35%), with 15 (14.5%) uncertain. The
easiest task reported was drinking the sugary beverage, according
to 35 (34.0%) respondents, and the multiple finger-prick tests were
easiest for 32 (31.1%). Remembering to test after meals was the
most difficult task for 58 (56.3%) participants. They did not report
any difference in subjective convenience for both tests.

Discussion

Our team’s overall goal was to find an optimal method of
identifying hyperglycemia during pregnancy because its treatment
reduces complications (3e6). To our knowledge, this study is the
first to propose a 7-day SMBG practice without lifestyle changes as
a complementary measure to 75 g OGTTs in pregnant women
screened and having positive 50 g GLT. Participants were sorted
into 4 groups. It is not surprising that OGTTglucose values in groups
A and B (both OGTTþ) were higher than those in group D (OGTTe/
SMBGe). Similarly, the total number of glucose values exceeding
SMBG targets in groups A and C (both SMBGþ) were significantly
greater than those in groups B and D (both SMBGe), and there was
no difference between groups A and C. It is of interest that even in



Table 2
Maternal and neonatal outcomes

Participating
women
(N¼103)

Group A: OGTTþ
and SMBGþ (n¼12)

Group B: OGTTþ
and SMBGe (n¼14)

Group C: OGTTe
and SMBGþ (n¼9)

Group D: OGTTe
and SMBGe (n¼68)

p value

Maternal outcomes
Weight gain during pregnancy (kg) 14.9�5.3 14.8�6.5 15.6�5.8 15.4�4.5 14.7�5.2 0.856
Treatment: n (%)
Diet only 23 (20.4) 8 (66.6)y 10 (71.4)y 5 (55.6)y 0 (0.0) <0.001
Insulin 11 (12.6) 4 (33.3)y 3 (21.4)y 4 (44.4)y 0 (0.0)
None 69 (67.0) 0 (0.0)y 1 (7.1)y 0 (0.0)y 68 (100)

Mode of delivery: n (%)
Vaginal 74 (71.8) 9 (75.0) 8 (57.1) 7 (77.8) 50 (73.5) 0.724
Assisted 10 (9.7) 0 (0.0) 3 (21.4) 0 (0.0) 7 (10.3)
Elective C-section 8 (7.8) 1 (8.3) 1 (7.1) 1 (11.1) 5 (7.4)
Emergency C-section 11 (10.7) 2 (16.7) 2 (14.3) 1 (11.1) 6 (8.8)

Neonatal outcomes
Sex male: n (%) 53 (51.5) 4 (33.3) 11 (78.6) 4 (44.4) 34 (50.0) 0.118
Birth weight (g) 3361�399 3349�480 3243�408 3296�537 3396�366 0.481
Birth weight z-score 0.092�0.742 0.143�0.976 -0.044�0.806 0.128�0.743 0.107�0.697 0.600
Gestational age (weeks) 39.1�1.1 39.0�1.2 38.9�1.3 38.5�1.6 39.2�0.9 0.308
Complications: n (%)
Macrosomia (�4,000 g) 5 (4.9) 2 (16.7) 0 (0.0) 0 (0.0) 3 (4.4) 0.234
LGA (>90th percentile) 3 (2.9) 1 (8.3) 0 (0.0) 0 (0.0) 2 (2.9) 0.536
SGA (<10th percentile) 6 (5.8) 1 (8.3) 1 (7.1) 1 (11.1) 3 (4.4) 0.439
Apgar score, 5 min <7 2 (2.0) 0 (0.0) 2 (14.3) 0 (0.0) 0 (0.0) 0.036z

Hypoglycemia (<2.6 mmol/L) 27 (26.2) 9 (75.0)y 7 (50.0)y 5 (55.6)y 6 (8.8) <0.001
Hyperbilirubinemia 8 (7.8) 3 (25.0) 1 (7.1) 1 (11.1) 3 (4.4) 0.068
Birth trauma 1 (1.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.5) 1.000
Respiratory distress syndrome 4 (3.9) 2 (16.7) 1 (7.1) 0 (0.0) 1 (1.5) 0.072

Composite of complications: n (ratio per neonate) 56 (0.54) 18 (1.50)y 12 (0.86)y 7 (0.78) 19 (0.28) <0.001
Other neonatal outcomes: n (%)
Malformations* 3 (2.9) 0 (0.0) 0 (0.0) 0 (0.0) 3 (4.4) 1.000
Admission to ICU 11 (10.7) 2 (16.7) 2 (14.3) 1 (11.1) 6 (8.8) 0.678

Apgar, American pediatric gross assesment record at 5 minutes of life: Appearance, Pulse, Grimace, Activity and Respiration (scores range from 0 to 10); GDM, gestational
diabetes mellitus; ICU, intensive care unit; LGA, large for gestational age; OGTT, 75 g oral glucose tolerance test; OGTTe, glucose values below GDM range; OGTTþ, glucose
values in GDM range; SGA, small for gestationl age; SMBG, self-monitoring of blood glucose; SMBGe, below pregnancy hyperglycemia range; SMBGþ, pregnancy hypergly-
cemia.
Notes: Composite includes macrosomia, LGA, SGA, Apgar score, neonatal hypoglycemia, hyperbilirubinemia, birth trauma and respiratory distress syndrome (transient
tachypnea of the newborn). Given the small size of our study, we aggregated SGA and LGA in the composite score although they have different etiologies

* Three malformations (hypospadias, paralysis of the left vocal cord and cryptorchidism) not related to glycemia.
y Difference between groups using Mann-Withney tests with Bonferroni-corrected p values: �0.009 compared to group D.
z Not significant after post hoc test.

Table 3
Suitability questionnaire

Questions* N (%) 95%
confidence
interval

1. In a future pregnancy, if you were told that you had to do a diagnostic test to
determine whether you have pregnancy diabetes, which test would you
choose?
Measurement of blood sugar at home 36 (35.0) 25.7e44.2
Test with the sweet juice 52 (50.5) 40.8e60.2
I am uncertain 15 (14.5) 7.7e21.4

2. Which part of the tests was the easiest?
Doing the finger-prick tests 32 (31.1) 22.1e40.0
Remembering to measure blood sugar 2 h after

meals
3 (2.9) e0.4e6.2

Having to fast for the sweet-juice test 17 (16.5) 9.3e23.7
Drinking the sweet juice 35 (34.0) 24.8e43.2
Staying seated for 2 h 16 (15.5) 8.5e22.6

3. Which part of the tests was the most difficult?
Doing the finger-prick tests 5 (4.9) 0.7e9.0
Remembering to measure blood sugar 2 h after

meals
58 (56.3) 46.7e65.9

Having to fast for the sweet-juice test 16 (15.5) 8.5e22.6
Drinking the sweet juice 10 (9.7) 4.0e15.5
Staying seated for 2 h 14 (13.6) 6.9e20.1

4. How convenient did you find.y,z

.measuring blood sugar at home? 6.6�2.5 6.2e7.1

.performing the test with the sweet juice? 6.9�2.2 6.5e7.3

* For all questions, n¼103.
y Rated from 0 to 10 (not at all to very convenient); calculated as the mean � SD.
z Difference between both answers using the paired t test; p¼0.442.
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the normoglycemic group (group D), 10% of SMBG glucose values
were above targets. Interestingly, 1-h glucose values in group C
(OGTTe/SMBGþ) were significantly greater than those in group D.
This could suggest that group C, although characterized by SMBGþ,
may present some OGTT alterations. The comparison of glucose
values on OGTT and SMBG showed that fasting is fasting, as
demonstrated by the strong correlation of fasting values and that
the OGTT cannot be seen as a meal, according to the poor rela-
tionship between 2-h OGTT and SMBG values after breakfast and
the divergence of glucose profiles for the OGTT and daily meals.

Women in the 3 hyperglycemic groups (A, B and C) were pro-
vided with similar follow up and care to achieve glycemic control.
Remarkably, the relative proportions of women treated by diet
and exercise or by insulin therapy were comparable in these
groups, with no difference in maternal outcomes or modes of
delivery, although this is likely to be due to the small sample size
of our study. Only 19 women (18.5%) in our sample underwent
caesarian sections, presumably due to intense knowledge-transfer
activities and audits aiming to decrease the rate of caesarian sec-
tions in Quebec (30). Neonatal hypoglycemia and the composite
scores were higher in groups A, B and C compared to group D, with
no significant differences among these 3 groups. This was probably
due to the small size of our study, which was not powered to detect
differences in clinical characteristics and obstetric/neonatal out-
comes. If confirmed by larger studies, this finding suggests that all
forms of dysglycemia pose risks to mother and infant and, thus,
should be equally treated.
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The rates of hypoglycemia are rather high for this type of pop-
ulation, although that can be explained by our low threshold value
(2.6 mmol/L, as in the Metformin in Gestational Diabetes study) (3),
by our institutional protocol to utilize a single measure for the
initiation of hypoglycemia treatment and by intravenous dextrose
fluids given towomen during labour (a routine procedure at time of
study), which is related to neonatal hypoglycemia (31).

As expected from our clinical observations, we found a pre-
occupying divergence (22.3%) between OGTT results and SMBG
profiles. In groups with OGTTþ (A and B), SMBG values werewithin
recommended glycemic targets in 53.8% of women before any
lifestyle modifications. These data are noteworthy because the
women in group B represent 13.6% of our cohort, suggesting that
this condition may be a common occurrence. Assuming that
4,400,000 pregnancies occur yearly in Canada (32,33) and the
United States (34), group B could translate yearly into approxi-
mately 120,000 women who are immediately managed as having
GDM, according to current guidelines. Although it is possible to
deduce that these women could be followed by delaying inter-
vention until deterioration of SMBG profiles, this assumption
should be subtly reconsidered. In our view, thorough SMBG
follow up and care should be offered because the prevalence of
adverse outcomes in group B was comparable to that of group A.
Interestingly, 21% of women in group B were taking insulin,
which indicates that continued monitoring detected a
deterioration of glucose control some time after initial testing.

However, we see 2 unwelcome consequences related to group
B. First, quality of life may deteriorate because of the intensity of
SMBG monitoring over many weeks, especially while values are
still on target, and because of the lifestyle changes that accompany
a diagnosis of GDM (35,36). Second, in our experience, most
women with GDM on diets are well aware that relatively little
effort is needed to keep glucose targets in check (likely belonging
to group B), which could be why many pay little attention to or
devalue the importance of GDM and do not consider themselves
sick or at risk for future diabetes (36,37). Counseling and educa-
tion are of the utmost importance in women with group B
characteristics.

The second case of debate, group C, includes women at risk for
GDM, i.e. screened GLTþ, who had normal OGTT results but pre-
sented with SMBGþ and glucose values exceeding targets, similar
to group A. In terms of clinical characteristics or GDM risk factors,
data from group C were not statistically different from those of the
other groups. Prepregnancy weights and BMIs and weights at entry
and the 1-h OGTTs were greater, but the size of our cohort did not
enable us to detect any statistical difference. This may suggest that
overweight women with GLTþ might benefit from further atten-
tion, even if OGTTs are normal. Under current recommendations,
they are not offered timely care, putting both mother and child at
higher risk for short- and long-term complications (7,9,10,38). This
may represent a serious issue, and it invites further consideration
and investigation.

The answers to the suitability questionnaire, although based on
validated tools (3,28), are subjective and do not allow for firm
conclusions. Questions were subject to interpretation, which could
have contributed to the high variability in answers. Although both
diagnostic measures were rated by respondents as being equally
convenient, they reported that they would prefer doing an OGTT in
future pregnancies. Remembering to measure blood glucose after
each meal was deemed the most difficult task of the study. Most
women at 24 to 28 weeks of gestation are still at work, and some
may quite understandably experience difficulties in managing
SMBG while complying with the demands of their workplaces. Our
analysis is that women tend to prefer the single-appointment test
(OGTT) to the longer term 7-day testing (SMBG), which can be
challenging.
The particular role of SMBG before lifestyle changes in women
with GDM and in GLTþ/OGTTe women needs to be thoroughly
assessed. It should be noted that in many centres in Canada and the
United Kingdom, women with histories of GDM are immediately
offered self-monitoring, but they do not have a repeat OGTTs
(39,40). At this time, it is up for debate whether it is acceptable to
ask all at-risk (GLTþ) pregnant women to perform SMBG for an
entireweek following OGTTs if results are normal so as to detect the
hyperglycemic status described in this study. A subsidiary issue is
that because the 7-day period may be too long, studies are needed
to assess whether the SMBG-detected criteria to define pregnancy
hyperglycemia can be met with fewer monitoring days. One can
also argue that women could have changed their dietary habits
over the 7-day SMBG after having some high glucose values, sug-
gesting that we have missed abnormal SMBG cases. However, we
found no difference between the first 3 and the last 3 days of the
7-day SMBG assessment. Acceptance of this dual method (OGTT
plus SMBG) and its related quality of life also deserve further
investigation. However, our experience indicates that the SMBG
diagnosis method is feasible. In our area, GDM is universally
screened for using a 50 g GLT, and women with GLTþ have been
offered OGTTs and/or 7-day SMBG since 2007 (more than 30,000
pregnancies). Most choose SMBG (20). This management route was
originally initiated as a 3-year research trial, after which it was
implemented in regular practice (24). Of course, if pregnancy hy-
perglycemia is diagnosed, treatment ensues accordingly (20), as
described in this study. We observed an important advantage of the
SMBG method: women (and practitioners) can appreciate for
themselves the beneficial effects of lifestyle changes when
comparing their glucose profiles before and after intervention or
when their glucose values deteriorate. However, performing only
SMBG should not be recommended because it may overlook cases
of GDM that would otherwise be captured by an OGTT (group B).

Our original findings add to the literature that brings into
question the relative value of the OGTT as a diagnostic gold stan-
dard (11e14). Our results suggest that the OGTT should not be used
alone in at-risk pregnant women, and they point to a useful com-
plementary role for SMBG to capture the true complexity of post-
prandial glycemia during pregnancy. Moreover, practitioners
should treat both women with OGTTþ and those who are hyper-
glycemic in their daily lives (41). GLTþ and OGTTþ could be seen as
red flags to employ SMBG over a to-be-determinedwindowof time.
Optimal care and timely intervention in these different hypergly-
cemic statuses need to be investigated further.

Limitations

The small size of our cohort may explain why some differences
were not statistically significant (older age and more complications
in group A, higher weights and BMIs in group C) in the normo-
glycemic and hyperglycemic groups. Conversely, differences ob-
tained despite the small sample groups invite pursuance of this
area of research. Another limitation is the lack of ethnic diversity,
although it increases the internal validity of our study. Moreover,
we cannot infer whether treatment improved outcomes in hyper-
glycemic groups because there were no control groups, for ethical
reasons.

Our study is impaired by the procedures used in this work. First,
we used the 2-step method, which hampers extrapolation to the
1-step strategy. This method has also been shown to miss as much
as 16% of womenwith abnormal glucose tolerance (42), suggesting
that groups A and B may represent larger populations in clinical
practice. Second, glucose was monitored 2 h postprandially, as is
the standard practice in our area. However, the postprandial
glucose peak occurs at approximately 55 to 80 min (43), so even
more women may have been detected by testing at 60 min. This
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could imply that group C may be under-represented in our study.
Moreover, participants with normal 2-h values may have scored
high at 1 h. Testing at both time points, using new devices not on
themarket at the time of study, will improve the relevance of future
studies.

It may have also been preferable to use identical glucometers
throughout the study, although previous reports (26,27) showed
that the 2 models used in this work are of comparable precision.
Additionally, using multiple glucometers better reflects real-life
conditions and increases the external validity of our study.
Another drawback is that capillary glucose data were not down-
loaded directly from glucometers but transcribed by participants,
leaving potentially erroneous values unchecked. This concern is
debated (44) and difficult to verify. Nevertheless, the transcription
method is used with most patients in routine medical practice, so it
is a better representation of real-life care. The reliability of our
results is not expected to be substantially affected because the rate
of transcription errors should be similar in all groups. Moreover,
this possibility is mitigated by the high compliance rate, the initial
rehearsal, the thorough education of participants and the short
period of SMBG in our study.

Conclusions

This study highlights the limitations of the OGTT, which mea-
sures only the response to a fast-acting carbohydrate load, unlike
SMBG, which measures glucose profiles in day-to-day life. It points
to the possible benefits of combining OGTT and SMBG in charac-
terizing hyperglycemic statuses in pregnant women. Complemen-
tary SMBG allows differentiation between women with GDM who
are hyperglycemic daily vs. normoglycemic and allows for the
identification of women who are hyperglycemic daily but do not
exceed International Association of Diabetes and Pregnancy Study
Groups thresholds during OGTTs. The fact that, under current
guidelines, womenwho are hyperglycemic daily remain untreated,
despite their risk for adverse neonatal outcomes, is cause for worry.
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