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Abstract

Aims The oral glucose tolerance test (OGTT), used for gestational diabetes mellitus (GDM) diagnosis for over 65 years, has
poor acceptability and tolerability. Continuous glucose monitoring is being considered as potential alternative. The aim of
our study was to formally assess women’s and health care professionals’ perception of both tests as diagnostic tools for GDM.
Methods Participants in a pilot study on continuous glucose monitoring for GDM diagnosis were invited to fill two
questionnaires, each of 6 Likert-scale and one optional open-ended question. A range of healthcare practitioners were also
invited to fill a questionnaire of 13 Likert-scale and 7 optional open-ended questions.

Results Sixty women completed the OGTT and 70 the continuous glucose monitoring questionnaire. OGTT was reported
as poorly acceptable. Continuous glucose monitoring was described as significantly more tolerable (81% vs 27% 5/5 general
acceptability rate, p < 0.001); ninety-three percent of the participants would recommend it for GDM diagnosis. Thirty health
care professionals completed the survey. Most of them (73%) had confidence in OGTT as a diagnostic test for GDM with 66%
raising some concerns. Doubts on continuous glucose monitoring were raised in terms of costs, accessibility and accuracy
for GDM diagnosis due to “lack of evidence”.

Conclusions Continuous glucose monitoring was substantially better tolerated for women than OGTT. Current lack of
evidence for diagnostic accuracy for GDM underlines the need for studies on correlation between continuous glucose
monitoring parameters and pregnancy outcomes to strengthen evidence for its use as diagnostic test for GDM.
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What does this study add to the clinical work

CGM is significantly more acceptable for women
than OGTT for GDM diagnosis. HCP profession-
als consider CGM significantly less acceptable than
women and ask for further evidence of the correla-
tion with perinatal outcomes.

> Alec Welsh
alec.welsh@unsw.edu.au

School of Women’s and Children’s Health, University

of New South Wales, Sydney, NSW, Australia .
Introduction
Diabetes Clinic, Royal Hospital for Women, Sydney, NSW,

Australia :
The oral glucose tolerance test (OGTT) was first intro-

duced for gestational diabetes (GDM) diagnosis in 1957
[1]. Its pre-analytical, analytical and post-analytical lim-
its have been widely described in the literature [2]. Low
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acceptability due to the OGTT logistics as well as side
effects of the glucose beverage have also been reported [3].

OGTT thresholds have been changed several times
over the last decades: the latest change was brought by
the International Association on Diabetes and Pregnancy
Study Groups (IADPSG) in response to the Hyperglyce-
mia and Adverse Pregnancy Outcome (HAPO) study [2].
As a result, the number of women diagnosed with GDM
has increased dramatically although without significant
improvements in maternal or fetal/neonatal outcomes
[4-6]. In twin pregnancies, this could be due to higher
OGTT thresholds related to negative outcomes than those
recommended by TADPSG [7]. GDM incidence is also
increasing due to advancing maternal age, increased use of
assisted reproductive techniques and rates of obesity [8, 9].

Some GDM risk factors, such as obesity and family his-
tory of GDM/Type 2 diabetes mellitus (T2DM) are also
recognized as long term outcomes of GDM for both moth-
ers and newborns. This demonstrates not only an intergen-
erational influence but also an expanding cascade effect
[10, 11]. As obesity and T2DM are climbing the list of the
most common causes of death worldwide, being able to
correctly identify, prevent and manage GDM, becomes an
ideal strategy to improve the health of current and future
generations [12, 13].

A wide range of biomarkers have been explored as
potential alternative to the OGTT, although none has been
demonstrated to be sufficiently accurate for GDM diagno-
sis [14]. The main limit to research is the lack of a gold
standard to rely on, apart from the OGTT with its above-
mentioned limits. Therefore, any investigation aiming to
prove superiority of diagnosis against the current OGTT
has only the OGTT as the benchmark.

Continuous glucose monitoring, (CGM) consisting of a
subcutaneous sensor which automatically tracks blood glu-
cose levels, represents a promising alternative to OGTT.
To date it has been mainly used in pregnancy for women
with Type 1 diabetes mellitus (T1DM), and more recently
for GDM management [15, 16]. However, there is mini-
mal literature addressing the role of CGM as a screening
test for GDM [8, 17, 18]. To our knowledge, no formal
assessment of OGTT acceptability in comparison to CGM
acceptability for either women or healthcare professionals
(HCP) has been reported so far.

Purpose of this study was to formally assess OGTT and
CGM perception of women who have undergone both tests
as part of a pilot study on the use of CGM for GDM diag-
nosis. A secondary aim was to understand the perspective
of health care professionals involved in pregnancy care
regarding the use of CGM for GDM diagnosis, in terms
of perceived acceptability (for patients and for them) and
of reliability.
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Methods
Participants, setting and recruitment

Women were requested to fill the questionnaires on OGTT
and CGM as part of a previous pilot study evaluating the
use of the Freestyle Libre Pro (Abbott, Australia) for GDM
diagnosis, based in two metropolitan hospitals in Sydney.
The participants (n = 106) were administered the surveys,
as Google questionnaires, from April 2021 to April 2022,
(Supplementary material 1) on the day of their OGTT,
which was also the last day of a 7 day CGM monitoring
period. Questionnaires were linked to a website (Www.
cgm4gdm.net), where women could also find more infor-
mation about GDM, CGM and the study.

All the endocrinologists, midwives, obstetric consult-
ants/trainees and diabetes educators employed within
the two hospitals where the pilot study took place were
requested, via email from their respective managers, to fill
an online Redcap survey between the end of April to the
end of June 2022. Written informed consent was obtained
for all patient participants at recruitment, and was implicit
for HCP participants upon reading the email, consenting
to participate and filling the questionnaire (Supplemen-
tary material 2). Questionnaire results were automatically
stored online in password protected accounts through
Google (RTM) and Redcap (RTM). Data analysis spread-
sheet were generated from the software and data integrity
was verified before coding and anonymizing the question-
naires of the patients.

Study design and approval

A semi-quantitative survey approach including multiple
choice questions, open-ended/free-text questions and Likert
scale questions was undertaken to explore perceived OGTT
and CGM acceptability for women and health care profes-
sionals. This study was performed in accordance with the
Declaration of Helsinki and was approved by South Eastern
Sydney Local Health District HREC (2019/ETH04910).

Data analysis

Women’s demographics were analyzed extensively as part
of the pilot study. HCP demographics and work experience
information were reviewed and summarized. Likert
answers were analyzed quantitatively, and categorical
variables expressed as percentages of different scores were
compared between groups (women’s perception of OGTT
vs CGM, and women’s vs HCP’s perception of OGTT and
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Table 1 OGTT acceptability for OGTT aspects investigated RATING/5 n (%) (total n=60)

pregnant women

1 2 3 4 5
General acceptability 3 (5%) 9 (15%) 16 27%) 16 27%) 16 27%)
Fasting for OGTT 2 (3%) 10 (17%) 14 (23%) 18 (30%) 16 (27%)
Glucose beverage 11 (18%) 21 (35%) 9 (15%) 13 (22%) 6 (10%)
Blood collection 2 (3%) 8 (13%) 12 20%) 13 (22%) 25 (42%)
OGTT timeframe 8 (13%) 26 (43%) 11 (18%) 8 (13%) 7 (12%)
Likelihood of recommending it 15 (25%) 13 (22%) 17 (28%) 8 (13%) 7 (12%)
to other women

OGTT Oral glucose tolerance test

Table.2 CC,}M acceptability CGM aspects investigated RATING/5 n (%) (total n="70)

questionnaire for pregnant

women 1 2 3 4 5
General acceptability 0 (0%) 0 (0%) 2 (3%) 11 (16%) 57 (81%)
(comparison with OGTT (n=60)) 3 (5%) 9 (15%) 16 27%) 16 27%) 16 27%)
Insertion 0 (0%) 0 (0%) 2 (3%) 10 (14%) 58 (83%)
Wearing 0 (0%) 0 (0%) 4 (6%) 9 (13%) 57 (81%)
Removal 0 (0%) 0(0%) 6 (9%) 13 (19%) 51 (73%)
Likelihood of recommending it to 0 (0%) 1 (1%) 4 (6%) 9 (13%) 56 (80%)

other women

(comparison with OGTT (n=60)) 15 (25%) 13 (22%) 17 (28%) 8 (13%) 7 (12%)

CGM Continuous glucose monitoring

CGM) using y° test using SPSS. Values of p <0.05 were
considered significant. Responses to open-ended questions
were grouped in themes and summarized [19].

Results
Women'’s perception of OGTT and CGM

Sixty women completed the questionnaire on OGTT and
seventy the questionnaire on CGM. The mean age of
participants was 32 years, with gravidity ranging from 1 to 6
and parity from 1 to 3. Twenty-five of the 70 participants had
at least one risk factor for GDM (age > 40 years, BMI > 25,
high-risk ethnicity, polycystic ovarian syndrome, family
history of diabetes mellitus) [20]. Table 1 summarizes
women’s responses regarding the OGTT. A majority
of participants (80%) found the test acceptable rating it
3-5/5. However, 20% found the test generally unacceptable
(1-2/5). Having to fast for the test was rated 3—-5/5 by
80% of the women. Only 10% of the participants rated the
glucose beverage 5/5, and more than half (53%) found it
unacceptable (1-2/5). Blood collection was described as
acceptable (3-5/5) by 84% of the women. More than half of
the participants (56%) found the OGTT timeframe, including
the 2 h waiting period, unacceptable (1-2/5) and only 12%

rated it 5/5. In terms of likelihood of recommending the
OGTT to other women, only 12% of participants gave a 5/5
response and 47% of them a 1-2/5 response.

Table 2 reports women’s feedback on CGM. In terms of
general acceptability, no participant found CGM unaccepta-
ble (i.e., no scores of 1-2/5) and 81% (57/70) of the women
gave a 5/5 score. This is a significantly higher score than for
the OGTT for which only 16/60 participants gave a 5/5 score
(»<0.001). For CGM insertion, wearing and removal there
were no score 1 or 2/5 reported: respectively with 83% 5/5
for insertion, 81% 5/5 for wearing and 73% 5/5 for removal.
When asked if they would have recommended CGM as a
diagnostic test for GDM, 93% of the women responded very
much likely (4-5/5), 7% quite likely (2-3/5), with no 1/5
responses. The percentage of women who would recommend
the CGM for GDM diagnosis with a 5/5 score was signifi-
cantly higher than for OGTT (7/60-11.7% vs 56/70-80%,
p<0.001).

The comments recorded by women in the free-text
section of the OGTT and CGM questionnaires are reported
in Supplementary material 3. Most comments on OGTT
(8) were regarding the side effects of the glucose beverage
which was difficult to consume within five minutes, and
caused nausea, light-headedness, and general malaise. Six
participants highlighted the need for an alternative test and
five the challenges represented by the OGTT, which was
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Table 3 HCP perception of OGTT aspects investigated

RATING/5 n (%) (total n=30)

OGTT
Missing 1 2 3 4 5
General acceptability 1 3%) 1 (3%) 6 (20%) 8 (27%) 13 (43%) 1 (3%)
Glucose beverage 1 3%) 3 (10%) 12 (40%) 10 (33%) 4 (13%) 0 (0%)
Blood collection 1 (3%) 0 (0%) 10 (33%) 7 (23%) 9 (30%) 3 (10%)
OGTT timeframe 1 (3%) 6 (20%) 10 (33%) 4 (13%) 8 (27%) 1 (3%)
Reliability 1 (3%) 0 (0%) 7 (23%) 8 (27%) 9 (30%) 5(17%)
Replicability 1(3%) 0(0%) 10 (33%) 11 37%) 6 (20%) 2 (7%)

HCP Healthcare professionals, OGTT Oral glucose tolerance test

Table 4 HCP perception of CGM aspects investigated

RATING / 5 n (%) (total n=30)

CGM
Missing 1 2 3 4 5
General acceptability 4 (13%) 0 (0%) 2 (7%) 8 (27%) 10 (33%) 6 (20%)
Insertion of the device
For yourself 4 (13%) 0 (0%) 0 (0%) 16 (53%) 5(17%) 5(17%)
For the patients 4 (13%) 0 (0%) 1 3%) 13 (43%) 7 (23%) 5(17%)
Wearing 4 (13%) 0 (0%) 2 (7%) 13 (43%) 10 (33%) 1 (3%)
Removing the device
For yourself 4 (13%) 0 (0%) 0 (0%) 13 (43%) 5(17%) 8 (27%)
For the patients 4 (13%) 0 (0%) 0 (0%) 13 (43%) 7 (23%) 6 (20%)

CGM Continuous glucose monitoring, HCP Healthcare professionals

reported to be a big inconvenience. Four women reported
concerns regarding the glucose load and the sitting
period of two hours encompassed by the OGTT being not
representative of their lifestyle.

Regarding CGM, women mostly commented on the
minimal impact on daily life (15 comments). Ten women
reported diet/training tracking as being poorly acceptable,
limited by a defective app and influencing their diet rep-
resenting a risk of bias for the study. In terms of techni-
cal issues, two women reported minimal bleeding at site of
insertion, two described the risk of the sensor getting stuck
in clothes/furniture when walking, two women reported
itchiness and two described the removal uncomfortable. Six
women underlined their willingness to recommend this test
over OGTT for GDM diagnosis. Among the free comments,
two women recommended to shorten the CGM period to
3 days and two women proposed the option of allowing
women to self-remove the sensor at home and sending it to
the treating team.

HCP’s perception of OGTT and CGM

Thirty HCP filled the questionnaire, including midwives
(10), obstetric specialists (7), diabetic educators (6),
endocrinologists (4) and obstetric trainees (3). Most (60%)
were 41-60 years old, had more than 15 years of experience
(50%) and had been reviewing more than 50 women

@ Springer

diagnosed with GDM per year (66%). All considered GDM
as having either a crucial (69%) or a ‘somewhat important’
impact (31%) on global health. Most HCP (73%) had
confidence in OGTT as a diagnostic test for GDM, although
66% of them declared that there are some or numerous issues
with the current method of GDM diagnosis.

HCP evaluation of the OGTT is described in Table 3.
Less than half scored general acceptability as high (46% rat-
ing 4-5/5). More than half gave a poor rating to the glucose
beverage (50% rating 1-2/5; none rating 5/5). The blood
collection component was rated higher (63% rating=/>3/5).
More than half rated the timeframe as poorly acceptable
(53% rating 1-2/5). Reliability was given a higher rating,
with 74% giving a response > 3/5, although replicability was
lower with 64% giving a response > 3. No significant differ-
ence was found between HCP and women’s perception of
OGTT acceptability.

Nine HCP (32%) had had previous direct experience with
one or more CGMs (8 Freestyle Libre 2; 7 Medtronic iPro2;
7 other devices). When asked if they would consider the use
of CGM for GDM diagnosis, a majority (54%) responded
positively (23% “absolutely yes” and 31% probably yes)
while only 2 participants responded negatively.

HCP evaluation of CGM is described in Table 4. In rating
CGM, all the surveyed HCP evaluated the general accept-
ability, insertion of the device for themselves and the women
as well as wearing and removing the device (again both for
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themselves and the women) above 1/5. Two HCP rated the
general acceptability as 2/5, and 16 (53%) as 4-5/5. Rating
for HCP insertion was high (87% 3-5/5;).. HCP’s percep-
tion of CGM insertion’s acceptability for women was signifi-
cantly lower than that expressed by the women themselves
(20% HCP vs 81% women rating it 5/5, p <0.001). Wearing
was considered very acceptable (4-5/5) by 36% of the HCP
cohort and poorly acceptable (2/5) by two of them. Eighty-
seven percent rated the removal of CGM acceptable (3-5/5),
both for them and their patients. Again, HCP perceptions
regarding CGM for women were significantly less positive
than that of the women themselves, for both CGM wearing
(3% HCP versus 81% women gave 5/5 rating, p <0.001) and
removal (20% versus 73% 5/5 rating, p <0.001).

The free text comments of HCPs are reported in Sup-
plementary material 4. Most related to GDM impact, which
was reported as underestimated (2), having long-term con-
sequences on health (10) as well as impact on the health-
care system and care. Fourteen HCP commented on OGTT
limits in terms of: pre/analytical/post-analytical issues (2),
poor reliability/reproducibility (7), and poor acceptability
for women (5). Doubts on CGM for GDM diagnosis were
raised by eleven HCP in terms of costs and accessibility,
accuracy due to lack of evidence for effectiveness in iden-
tifying the highest risk patients and possibility of bias due
to the opportunity for patient to manipulate CGM results by
exercising more, eating better, during testing week to avoid
GDM diagnosis.

Almost all HCP (92%) had had previous experience
with complementary biomarkers for GDM such as HbAlc
and fasting blood glucose. Seven of them (27%) suggested
potential biomarkers for triangulation in the relevant free-
text comment: early pregnancy HBA1C to exclude frank
diabetes, 28" weeks HbAlc/fasting blood glucose/fetal
growth rate as well as maternal weight gain in third trimes-
ter > 0.5 kg per week.

Discussion

To the best of our knowledge, this is the first study to report
and compare women’s and HCP’s perception of both OGTT
and CGM for GDM diagnosis. OGTT was rated as highly
inconvenient and poorly accepted by women, especially in
terms of timeframe and glucose beverage. Almost half of the
surveyed women would be unlikely to recommend OGTT for
GDM diagnosis to other pregnant women. HCP rated OGTT
as overall acceptable for patients, although most of them
expressed some doubts on the current diagnostic method and
wished to change the current GDM diagnostic test.

CGM was significantly more acceptable from both wom-
en’s and HCP perspectives. A significant larger proportion
of women in our study would recommend CGM for GDM

diagnosis to other pregnant women. Given the different
nature of the two tests it was not possible to compare the
acceptability of specific aspects. No women nor HCP scored
any of the considered CGM aspects (general acceptability,
insertion, wearing and removal) as low as 1/5.

In a recent article by Kirke about OGTT in remote Aus-
tralia, patient factors limiting compliance to the OGTT were
reported including women not liking the test, especially if
“health-conscious” and concerned of the effect of the glu-
cose beverage on their body, but also women experienc-
ing nausea and vomiting and having no time availability to
complete the test or possibility to overcome the logistical
limits (having to attend the test in a laboratory) [21]. All
these perspectives were confirmed in the free-text section
of our study by the participating women, who also reported
concerns over the ability of the OGTT to reflect their daily
glucose metabolism, as being poorly reflective of their usual
activities and meals.

Among clinician factors influencing adherence to OGTT,
alternative tests offered as a compromise to reluctant women
and confusion among thresholds and upcoming biomarkers
were reported in the article by Kirke [3]. HCP participating
in our study underlined in the free comments the several
pre-analytical/analytical and post-analytical issues of the
OGTT as undermining its reliability for them and among
their patients.

The high acceptability of CGM described by women is
consistent with previous reports on its use as a management
tool for GDM [22], although this is the first study to assess
the acceptability for CGM as a diagnostic test for GDM, in
comparison with the OGTT. CGM has hence mainly been
assessed for GDM management. The positive feedback
expressed by the pregnant women participating in our study
demonstrate that CGM is more acceptable than the OGTT
for GDM diagnosis, regardless of their risk for GDM. In
the free text-section, some participants suggested a shorter
CGM period of three instead of seven days. Although most
studies evaluating CGM parameters consider a 7-14 day
monitoring period, a shorter duration could represent a good
compromise for its use as a diagnostic test still potentially
giving a good insight into glucose metabolism. The reliabil-
ity of a 3-days CGM period for GDM diagnosis will need
to be proven in a prospective cohort study correlating CGM
data with GDM outcomes. Diet and training diary were also
reported as annoying by some of our participants.

We propose that women could scan the monitor on the
third day and remotely share data with their treating HCPs.
Those with normal BGL profile could then cease monitor-
ing (and be considered as having no GDM), while those
identified as having labile or borderline BGL control would
be asked to continue wearing the device for another 4 days.
In this second part of CGM wearing, women could be
requested to keep track of their diet and exercise to evaluate
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how their BGLs respond to their lifestyle, and identify key
points for their management, such as personalized change in
food/exercise quality and quantity. The opportunity to add
this part of assessment as a second step would still offer a
wider evaluation of glucose metabolism dynamics in those
women considered at risk of having/developing GDM after
three days of monitoring. This would minimize the impact of
CGM monitoring as a population screening test for women,
reducing the overall burden but focusing on those requiring
closer evaluation.

As suggested by our participants, women could then use
a pre-addressed envelope to return the CGM sensors after
having scanned and removed them at home, saving wom-
en’s and HCP’s/healthcare settings’ time and resources. The
opportunities for remote care offered by CGM application
to diabetes in pregnancy management have previously been
reported [23], and would be consistent with this strategy.

Significantly lower percentages of HCP than women rated
CGM insertion, wearing and removal for their patients as
highly acceptable (p <0.001), although practical experi-
ence in use of CGM was limited among HCPs. Interestingly,
only 32% had had previous direct experience with CGMs.
The disparity between patients’ and HCP’s perception of
acceptability for insertion, wearing and removal for CGM
may reflect the lack of direct experience of the HCPs. The
reduced perception of patient acceptability for CGM as a
diagnostic test for GDM could also be influenced by what
was described by Miller as “therapeutic inertia” when refer-
ring to the hesitance of HCP to adopt CGM for managing
diabetic patients, mostly due to the perception of data over-
load and need for additional education [24]. The paucity
of available literature corroborates HCP’s disorientation on
CGM applicability for GDM diagnosis [8, 17, 18].

Given the relative lack of data currently available, HCPs
requested a cost-effectiveness analysis of CGM use for
GDM diagnosis as well as a confirmation of the correla-
tion of CGM with GDM outcomes, in order to support its
future application. This is consistent with a previous review
on CGM use in GDM management by Niranjala that con-
cluded that despite the predicted increasing prevalence of
GDM, future funding for CGM diagnostic protocols will
depend on strong evidence of improved outcomes through its
application [25]. This has been previously described in the
CONCEPTT study for CGM use in T1DM monitoring dur-
ing pregnancy [26]. In the CONCEPTT study, the number
of pregnant women needed to treat with CGM to prevent one
newborn complication was six in terms of neonatal inten-
sive care admission and large for gestational age and eight
for neonatal hypoglycaemia, contributing to a yearly cost
savings of over £9 million for the adoption of CGM over
SBGM, despite a much higher cost for each single CGM use
compared to SBGM [26].
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Our group recently published the only pilot study
assessing CGM use independently from the OGTT, using
the Medtronic iPro2 CGM, where we identified 11/60 FP
(18%) and 1/60 FN (2%). CGM is potentially more costly
to perform than OGTT, with average cost of Medtronic
iPro2=3$ 62 AUD and Abbott Freestyle=$ 97 AUD [27,
28]. However, this is unclear as although the Medicare
Benefits schedule cost of the OGTT is $19.90 AUD, this is
unlikely to reflect the true cost of the test in terms of per-
sonnel time involved three blood draws and facilities for
patient to wait for 2 h [29]. Regardless, if CGM was shown
to be better reflective of women’s glycaemic status than
OGTT (i.e., fewer false positives and negatives), it would
become cost-saving, given the recent findings of Beilby
of costs of almost $6,000 AUD per ante/postnatal care in
case of GDM diagnosis (false positive) and over $5,500
per perinatal adverse events in case of not intervention
(false negative) [30]. When considering the OGTT/CGM
prices and the economic consequences of potential GDM
misdiagnosis, the increased cost of CGM appears justified
by the potential prospective saving in antenatal and post-
natal care. The results of this study encourage the progres-
sion in researching the role of CGM for GDM diagnosis
to improve women’s experience and potentially HCP’s
insight. Due to the limited sample size, deeply affected
by the Covid-19 pandemic, this is only to be considered
a pilot study. Further research with multicentre studies to
explore the correlation between 3 days/7 days of CGM
and GDM outcomes in a variety of populations, as well
as a detailed OGTT/CGM costs analysis, including the
costs of equipment, staff and infrastructures, are needed
to strengthen the candidature of CGM as an alternative
test to OGTT for GDM diagnosis. We propose that future
research could expand this project in terms of acceptabil-
ity for women as part of a multicentre study on the use
of CGM for GDM and in terms of HCP’s feedback with
questionnaires to be shared through the national colleges.
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