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Abstract

Background: In the Australian Capital Territory (ACT) during the Coronavirus disease
2019 (COVID-19) pandemic, gestational diabetes mellitus (GDM) testing using the World
Health Organization’s (WHO) oral glucose tolerance test (OGTT) was replaced with tempo-
rary guidelines comprising two phases: the red phase, with fasting glucose >5.1 mmol/L
(diagnosed) and <5.1 mmol/L (excluded); and the subsequent amber phase of screening
with fasting >5.1 mmol/L (diagnosed), <4.7 mmol/L (excluded) and 4.7-5.0 mmol/L,
requiring completion of an OGTT. Aims: Our aim was to determine whether there were
differences in GDM prevalence, maternal characteristics or infant outcomes during the
COVID-19 pandemic period, in association with implementation of the temporary guide-
lines. Methods: We performed a before-during observational analysis of 9686 singleton
births between April 2018 and December 2019 (pre-COVID-19, group 1, n = 4879) or April
2020 and December 2021 (COVID-19, group 2, n = 4807). Group 2 comprised subgroups
2a (1 April-2 November 2020, n = 1845) and 2b (3 November 2020-31 December 2021,
n = 2962). The GDM testing date was estimated at 26 weeks of gestation and used for
group assignment. For GDM diagnosis, group 1 applied the WHO OGTT, and group 2
applied the temporary guidelines (2a the red phase; 2b the amber phase). Associations were
tested using chi-square tests, pairwise z-tests and logistic regression. Results: Compared to
group 1, GDM prevalence significantly decreased in subgroup 2a (26.7% vs. 21.7%) and
significantly increased in subgroup 2b (26.7% vs. 31.7%) (all: p < 0.001). For non-GDM
pregnancies, there were no significant associations nor significant differences for infant
outcomes when group 1 was compared to subgroups 2a and 2b. Subgroup 2a pregnancies
with insulin-requiring GDM, compared to Group 1 counterparts, had significantly higher

RSN odds of infants with LGA (aOR = 1.73, 98.75% CI of 1.04-2.89, p = 0.008) and macrosomia
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1. Introduction

Gestational diabetes mellitus (GDM) is a metabolic disorder in pregnancy with in-
creasing global prevalence [1]. GDM is defined as glucose intolerance that begins, or is first
diagnosed, during pregnancy and is below the diagnostic threshold for diabetes diagnosed
outside of pregnancy [2]. GDM increases the risk of adverse pregnancy outcomes from
maternal hyperglycemia when it is undiagnosed and/or untreated [3-5]. The aim of testing
for GDM is to identify pregnancies in which hyperglycemia has developed to enable imple-
mentation of treatment to lessen adverse-outcome occurrence [6]. In pathology centers, the
Oral Glucose Tolerance Test (OGTT) is commonly used to diagnose GDM based on plasma
glucose thresholds [7].

Revised criteria for GDM diagnosis, issued by the World Health Organization (WHO)
in 2013, were implemented from January 2015 in the Australian Capital Territory (ACT) by
ACT Pathology, which provides pathology services to the region’s public hospitals [2,8].
Universal one-step testing using a 2 h fasting 75 g OGTT with WHO diagnostic criteria
(WHO OGTT) became the standard of care for GDM diagnosis [8]. A recommendation of
the revised criteria was that, unless diagnosed earlier, GDM testing should be undertaken
at 24-28 weeks of pregnancy using the WHO OGTT [2,9]. GDM diagnosis required at
least one positive OGTT result: plasma glucose fasting > 5.1 mmol/L, 1 h > 10.0 mmol/L
and/or 2 h > 8.5 mmol/L [9]. In 2017, a change in preanalytical processing was introduced
such that all samples were centrifuged immediately after collection to limit glycolysis [8].
We have previously shown that GDM prevalence significantly increased with these changes,
and prevalence of LGA infants decreased in the ACT [10].

In March 2020, a public health emergency was declared in the ACT due to the novel
coronavirus disease 2019 (COVID-19) pandemic [11]. Changes in healthcare-service deliv-
ery and community restrictions were progressively implemented by the ACT Government,
with one measure being the replacement of the WHO OGTT protocol with temporary
guidelines for GDM testing and diagnosis [12].

The temporary guidelines had been developed by the Australasian Diabetes in Preg-
nancy Society (ADIPS), the Australian Diabetes Society, the Australian Diabetes Educators
Association and Diabetes Australia [12]. The guidelines suggested that Australian health-
care institutions implement a three-phase system during the pandemic [12]. The phase
implemented was to be determined at the local level by considering contagion risk and
capacity of pathology collection centers to provide social distancing [12]. While women
at high risk of GDM were recommended to be tested early in pregnancy using HbAlc or
random blood glucose testing, all women not yet diagnosed with GDM were recommended
to be tested between 24 and 28 weeks of gestation with protocols according to the phase
implemented [12]. The phases and protocols were as follows [12]:

1.  Green (implemented when the collection site could adopt social distancing for women
attending for testing and contagion risk was low):
- Usual practice applied using WHO OGTT.

2. Amber (implemented when the collection site had limited ability to adopt social

distancing and/or contagion risk was moderate-high), options included one of
the following:

(@ WHOOGTT.
(b)  Two-stage testing of an initial fasting plasma glucose level:

(1) Diagnostic of GDM if >5.1 mmol/L;
(i) If 4.7-5.0 mmol/L, a subsequent WHO OGTT was recommended.

(c) If GDM has been diagnosed in a previous pregnancy, then immediate com-
mencement of Home Blood Glucose Monitoring.
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3. Red (implemented when the collection site was unable to adopt social distancing
and/or contagion risk was high):

- Fasting plasma glucose only; diagnostic of GDM if >5.1 mmol/L.

ACT Pathology adopted the red protocol from 31 March 2020, followed by the amber
two-stage protocol, from the 3 November 2020, which remained until September 2022
(email, 5 November 2025 from Clinical Director Chemical Pathology, ACT Pathology to
] Hutchinson).

During the pandemic, public health measures were implemented quickly during a
time of significant uncertainty [13]. To improve responses in similar future circumstances,
post-pandemic evaluation is essential and “requires real-time evidence relevant to the
Australian context” [13] (p. 28). Measures which perform well under normal conditions
may not perform well under crisis conditions, and unintended consequences may occur [13].
The purpose of our study was to undertake an observational before-during analysis to
investigate the real-world impact of the change in GDM testing protocol on ACT pregnancy
outcomes in the setting of COVID-19. We compared maternal and infant outcomes of
singleton births in the ACT which occurred during the pre-COVID-19 period from 1 April
2018 to 31 December 2019, during which GDM was tested using the WHO OGTT protocol
with those of the COVID-19 period from 1 April 2020 to 31 December 2021, during which
GDM was tested using the temporary guidelines. Using the OGTT for GDM diagnosis is
considered best practice, as it assesses fasting, as well as post-load glucose [14], thereby
providing an ideal standard for comparison. We believe that our study is the first to
have undertaken a before-during comparison using both the red phase and the two-stage
amber phase.

The temporary guidelines acknowledged that some women who would normally
be diagnosed with GDM using the WHO OGTT test may be missed using the COVID-19
protocols [12]. Therefore, we hypothesized that using the temporary guidelines would
be associated with a decrease in GDM prevalence and a consequent increase in adverse
pregnancy outcomes in pregnancies with undiagnosed and untreated GDM. Our research
question was, were there differences in GDM prevalence, maternal characteristics and
infant outcomes associated with implementation of the temporary guidelines during the
COVID-19 pandemic from April 2020 to December 2021? Our primary objective was to
determine whether there were differences in GDM prevalence between the pre-COVID-19
period and the COVID-19 period, including for each of the red and amber phases, and also
between the phases. The secondary objectives were to determine if there were differences
between these periods in, firstly, maternal characteristics; and, secondly, infant outcomes.

2. Materials and Methods
2.1. Ethics Approval

The ACT Health Human Research Ethics Committee provided ethical approval (Can-
berra, ACT, Australia no.: 2022.1LRE.00194).

2.2. Study Design and Population

The methodology of our previous study was used [10], covering, in the current study,
the period from 2018 to 2021. Modifications include the dates and methods used to stratify
the study sample into groups and subgroups, additional maternal characteristics and infant
outcomes, and logistic regression analyses.

Our study was an observational retrospective analysis. We used de-identified data
for a single public hospital obtained from the ACT Health’s Birthing Outcomes System
(BOS). The BOS contains information on births which occurred in ACT public hospitals.
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The hospital receives pregnancies which are usual care, as well as higher-risk pregnancies
from the ACT and regional hospitals, including from New South Wales (NSW).

We extracted data from the BOS for the period from 1 April 2018 to 31 December 2019
(the pre-COVID-19 period), represented as group 1, and from 1 April 2020 to 31 December
2021 (the COVID-19 period), represented as group 2. The 21-month period of group 2
included subgroups tested for GDM in the 7-month red phase (1 April to 2 November
2020), represented as group 2a, and the 14-month period of the amber phase (3 November
2020 to 31 December 2021), represented as group 2b. Allocation to groups and subgroups
was based on the estimated GDM testing date (assumed to be at 26 weeks of gestation, on
average, in the ACT) using the infant date of birth and gestational week of birthing for each
pregnancy. We excluded from our analyses women with pre-existing diabetes. Within the
groups and subgroups, women were classified into those without and with GDM diagnosis,
and in those with GDM, into those treated by diet only and those requiring insulin.

2.3. Outcomes
(i) Primary outcome

The primary outcome, in accordance with our primary objective, was defined as the
differences in GDM prevalence between the pre-COVID-19 period and the COVID-19
period, including for each of the red and amber phases, and also between the phases. GDM
prevalence was defined as the frequency of GDM pregnancies for the period divided by
the total frequency of pregnancies in the same period.

(ii) Secondary outcomes

There were two secondary outcomes in accordance with our secondary objectives.
The first secondary outcome was defined as the differences in each of the six maternal
characteristics between the pre-COVID-19 period and the COVID-19 period, including
for each of the red and amber phases, and also between the phases. The six maternal
characteristics were early body mass index (early BMI), region of birth, parity, whether
aged > 35 years, in vitro fertilization (IVF) and hypertension (HTN).

Although BMI is normally determined by dividing weight in kilograms by the height
in meters squared, the BOS does not record weight and height. Instead, BMI is recorded
rounded to the nearest whole number and is collected at the first “booking in visit” during
the first trimester [15] (early BMI). Following the method used in published studies [10,16],
we stratified the BMI values into six categories: underweight (<18 kg/m?); healthy
weight (19-24 kg/m?); overweight (25-29 kg/m?); obese class I (30-34 kg/m?); obese
class 1T (35-39 kg/m?); and obese class III (>40 kg/m?). Pregnancies with a maternal early
BMI < 16 kg/m? were excluded in this study. The WHO states that a BMI < 16 is associated
with malnutrition in women and adverse pregnancy outcomes and considers this cut-off
point to be a valid extreme limit [17].

For the maternal region of birth, we followed the method used in published
studies [10,15]. Women were stratified into three broad categories using a standard Aus-
tralian classification of countries [18]. The categories were “Australian-born”, “Asian-born”
and “other”, the latter comprising women who were neither of the other two categories.

The maternal characteristics identified in the BOS were pregnancies which had resulted
from in vitro fertilization (IVF), and women with hypertension (HTN) and preeclampsia.
HTN is identified in the BOS as either essential (EHTN) or gestational (GHTN). If women
were identified as having both, they were considered, in this study, to have EHTN. Although
both preeclampsia and eclampsia were identified in the BOS, due to the low frequencies of
women with either, these conditions were combined. As some women were identified as
having both preeclampsia/eclampsia (Pre/E) and EHTN or Pre/E and GHTN, they were
considered in this study to have Pre/E.
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The second of the secondary outcomes was defined as the differences in each of
the eight infant outcomes between the pre-COVID-19 period and the COVID-19 period,
including for each of the red and amber phases, and also between the phases. The eight
infant outcomes were large for gestational age (LGA), small for gestational age (SGA),
macrosomia, low birth weight, preterm birth, fetal deaths in utero (FDIU), hypoglycemia
and respiratory distress.

The infant information identified in the BOS included gestational age of birth and birth
weight. LGA infants were defined as a birth weight greater than the 90th centile for their
gestational age [19]; SGA infants were defined as a birth weight less than the 10th centile
for their gestational age [19]; macrosomia was defined as a birth weight greater than 4000 g,
irrespective of gestational age; low birth weight was defined as a birth weight less than
2500 g [19]; and preterm birth was defined as birth prior to 37 weeks of gestation [19]. The
infant outcomes identified in the BOS were FDIU from 26 weeks of gestation, hypoglycemia
and respiratory distress. LGA and SGA infants were identified using published data by
Joseph et al. (2020) [20] on Australian birth-weight centiles and gestational age.

Records with missing data for any variable were excluded from the analysis. The inclu-
sion criteria were singleton births; an estimated date of GDM testing and infant birth date
within the periods of either 1 April 2018-31 December 2019 or 1 April 2020-31 December
2021; an estimated gestation at birth of between 26 and 42 weeks; and complete data. The
exclusion criteria were BMI < 16, multiple births, missing data, an estimated gestation
at birth of less than 26 weeks or greater than 42 weeks, Type 1 or Type 2 diabetes and
incomplete data.

2.4. Statistical Analysis

The unit of analysis was the pregnancy; therefore, women with more than one preg-
nancy during the periods of analyses were potentially included more than once [21].
Categorical variables were presented using frequencies and percentages. Associations were
assessed using Pearson’s chi-squared independence test, or when expected frequencies
were <5, Fisher’s Exact Test (for 2 x 2 contingency tables) or the Fisher—Freeman—-Halton
Exact Test (for larger contingency tables) [22]. Comparisons between the groups and sub-
groups were undertaken using the post hoc pairwise z-test for independent proportions.
The Bonferroni method was used to adjust the p-values for multiple comparisons (see
Supplementary Materials Tables S1-S3 for between-group comparisons for groups 1 and 2).

Each infant outcome was an outcome of interest categorized as a dichotomous depen-
dent variable. For each group and subgroup, binary logistic regression was performed.
Due to the potential for unobserved heterogeneity [23], we used the categorical predic-
tor variable “group”, with levels 1 and 2 representing groups 1 and 2, respectively, and
“subgroup”, with levels 2a and 2b representing subgroups 2a and 2b, respectively. For
each outcome of interest, the odds of the COVID-19 level 2, 2a or 2b were compared to the
corresponding pre-COVID-19 level 1 as the reference, and the odds of the COVID-19 level
2b were compared to the corresponding COVID-19 level 2a as the reference. Using the
forced-entry method, we then performed multivariate binary logistic regression. The cate-
gorical maternal characteristics entered as adjustments were the early BMI group, region of
birth, parity group, maternal age > 35 years, IVF and HTN [10,15,24,25]. We ensured an
adequate number of outcome events per predictor variables [26].

We undertook sensitivity analyses to test our assumption that GDM testing occurred,
on average, at an estimated 26 weeks of gestation. We applied GDM testing estimated at
both 24 weeks and 28 weeks of gestation to the logistic regression analyses. We also deter-
mined the number of repeat pregnancies and modeled Generalized Estimating Equations
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(GEESs) to test key findings adjusted for repeat pregnancies using estimated GDM testing at
24, 26 and 28 weeks of gestation (see Supplementary Materials Table S4A-E).

Statistical assumptions were verified and included DFbetas, Cook’s Distances, multi-
collinearity, leverage and standardized residuals. Statistical significance for associations
using Pearson’s chi-squared independence test, Fisher’s Exact Test or the Fisher—Freeman-—
Halton Exact Test, and pairwise z-tests was set at p < 0.05. Adjustments for multiplicity
were made for the subgroup analyses in the logistic regression. As there were four sub-
group analyses for each infant outcome, statistical significance was set at p < 0.0125. We
considered odds ratios to be significant if the corresponding 98.75% confidence intervals
did not contain the value 1 [27]. Microsoft Excel version 2605 and SPSS version 31 were
used for data preparation and the analyses, respectively.

3. Results
3.1. Groups and Subgroups

Figure 1 shows that there were 10,370 birth records with estimated GDM testing
date and infant birth date from 1 April 2018 to 31 December 2019 and from 1 April 2020
to 31 December 2021. After excluding records with maternal BMI < 16, missing data, a
gestational age at birth of <26 weeks or >42 weeks, multiple births, and women with Type 1
or Type 2 diabetes, there remained 9686 singleton births. Group 1 comprised 4879 singleton
births, and group 2 comprised 4807 singleton births. Subgroups 2a and 2b comprised 1845
and 2962 singleton births, respectively.

10,370 birth records extracted from the

BOS
684 births excluded:
15 with BMI < 16
92 missing data (68 BMI, 20 region of
_____ p birth, 4 birthweight)
122 with gestational age at birth of <26
weeks or > 42 weeks
264 multiple births
191 with maternal Type 1 or 2 diabetes
v
9686 singleton births
. | .
Variable Group 1 Group 2
Period Pre-COVID-19 COVID-19
GDM testing strategy WHO OGTT Temporary guidelines
Period length (months) 21 21
No. of singleton births* 4879 4807
|
Group 2 stratified by
implementation dates of
phases
Subgroup 2a Subgroup 2b
red phase amber phase
fasting only two-stage
7 14
1845 2962

Figure 1. Flowchart of exclusions and inclusions and group and subgroup selection. * Group selection
was based on estimated GDM testing date at 26 weeks of gestation. BOS, Birthing Outcomes System;
GDM, gestational diabetes mellitus; BMI, body mass index; WHO, World Health Organization; OGTT,
Oral Glucose Tolerance Test; No., number.
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Tables 1 and S1 show the total study sample, with the maternal characteristics and
infant outcomes stratified by the groups and subgroups. Sample sizes during the pre-
COVID-19 and COVID-19 periods were similar, with group 1 comprising 50.4% (n = 4879)
and group 2 comprising 49.6% (n = 4807) of the total sample. Subgroups 2a and 2b
comprised 38.4% (n = 1845) and 61.6% (n = 2962), respectively, of group 2.

Table 1. Total study sample, with estimated GDM testing at 26 weeks of gestation categorized by
maternal characteristics and infant outcomes and stratified by pre-COVID-19 and COVID-19 groups
and subgroups. Group 1 = pre-COVID-19 period, from 1 April 2018 to 31 December 2019; subgroup
2a = COVID-19 red phase, from 1 April to 2 November 2020; and subgroup 2b = COVID-19 two-stage
amber phase, from 3 November 2020 to 31 December 2021. Significance is p < 0.05.

2
Variable Total Group 1 Subgroup 2a  Subgroup 2b p-V)il:les Pairwise z-Test p-Values
Glvs. S2a Glvs.S2a  S2avs.S2b  Glvs. S2b
vs. S2b
N 9686 4879 1845 2962
n (%) 1 (%) 1 (%) n (%)
Maternal characteristics
x2 = 50.639
Early BMI p <0.001
<18 392 (4.0) 239 (4.9) 61 (3.3) 92 (3.1) 0.014 t <0.001
19-24 4379 (45.2) 2303 (47.2) 818 (44.3) 1258 (42.5) 1 1 <0.001
25-29 2570 (26.5) 1250 (25.6) 506 (27.4) 814 (27.5) b i t
30-34 1204 (12.4) 551 (11.3) 245 (13.3) 408 (13.8) 1 1 0.003
35-39 594 (6.1) 279 (5.7) 103 (5.6) 212 (7.2) i t 0.032
>40 547 (5.6) 257 (5.3) 112 (6.1) 178 (6.0) i 1 1
Region of birth p=0.485
Australian 6157 (63.6) 3087 (63.3) 1170 (63.4) 1900 (64.1) 1 1 1
Asian 2337 (24.1) 1177 (24.1) 436 (23.6) 724 (24.4) i 1 1
Other 1192 (12.3) 615 (12.6) 239 (13.0) 338 (11.4) t i t
Parity p =0.075
0 4083 (42.2) 1990 (40.8) 806 (43.7) 1287 (43.5) i i i
1 3574 (36.9) 1850 (37.9) 646 (35.0) 1078 (36.4) 1 1 1
2 1318 (13.6) 662 (13.6) 262 (14.2) 394 (13.3) I i i
3 444 (4.6) 236 (4.8) 73 (4.0) 135 (4.6) 1 1 1
>4 267 (2.8) 141 (2.9) 58 (3.1) 68 (2.3) i 1 1
Age > 35 years p =0.068
No 7187 (74.2) 3666 (75.1) 1365 (74.0) 2156 (72.8) 1 1 1
Yes 2499 (25.8) 1213 (24.9) 480 (26.0) 806 (27.2) t i i
GDM x? =58.091
p <0.001
No 7043 (72.7) 3575 (73.3) 1444 (78.3) 2024 (68.3) <0.001 <0.001 <0.001
Yes 2643 (27.3) 1304 (26.7) 401 (21.7) 938 (31.7) <0.001 <0.001 <0.001
IVF p =0.427
No 9316 (96.2) 4703 (96.4) 1766 (95.7) 2847 (96.1) 1 1 1
Yes 370 (3.8) 176 (3.6) 79 (4.3) 115 (3.9) i i i
HTN p=0230
No 9195 (94.9) 4636 (95.0) 1741 (94.4) 2818 (95.1) i 1 1
EHTN 165 (1.7) 74 (1.5) 31(L.7) 60 (2.0) 1 1 i
GHIN 188 (1.9) 100 (2.0) 43 (2.3) 45 (1.5) i 1 1
Pre/E 138 (1.4) 69 (1.4) 30 (1.6) 39 (1.3) i i i
Infant outcomes
x% =8.325
LGA p=0.016
No 8565 (88.4) 4355 (89.3) 1602 (86.8) 2608 (88.0) 0.015 I I
Yes 1121 (11.6) 524 (10.7) 243 (13.2) 354 (12.0) 0.015 1 1
SGA p =0.909
No 8635 (89.1) 4356 (89.3) 1641 (88.9) 2638 (89.1) i i i
Yes 1051 (10.9) 523 (10.7) 204 (11.1) 324 (10.9) i i i
M ) x2 =10.268
acrosomia » = 0.006
No 8669 (89.5) 4409 (90.4) 1619 (87.8) 2641 (89.2) 0.005 t i
Yes 1017 (10.5) 470 (9.6) 226 (12.2) 321 (10.8) 0.005 1 1
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Table 1. Cont.

2
Variable Total Group 1 Subgroup 2a  Subgroup 2b p-V);l:les Pairwise z-Test p-Values
Glvs. S2a Glvs.S2a  S2avs.S2b  Glvs. S2b
vs. S2b
Low birth weight p =0.566
No 9041 (93.3) 4565 (93.6) 1713 (92.8) 2763 (93.3) i I i
Yes 645 (6.7) 314 (6.4) 132 (7.2) 199 (6.7) t i i
Preterm birth p =0.887
No 8985 (92.8) 4532 (92.9) 1710 (92.7) 2743 (92.6) f i i
Yes 701 (7.2) 347 (7.1) 135 (7.3) 219 (7.4) i 1 1
FDIU p =0.806**
No 9665 (99.8) 4867 (99.8) 1841 (99.8) 2957 (99.8) t 1 i
Yes 21(0.2) 12 (0.2) 4(0.2) 5(0.2) b i i
Hypoglycemia p=0314
No 9372 (96.8) 4732 (97.0) 1776 (96.3) 2864 (96.7) i i i
Yes 314 (3.2) 147 (3.0) 69 (3.7) 98 (3.3) it i i
Respiratory distress p=0.249
No 9526 (98.3) 4789 (98.2) 1815 (98.4) 2922 (98.6) i i i
Yes 160 (1.7) 90 (1.8) 30 (1.6) 40 (1.4) i 1 i

1 p > 0.05; ** Fisher—Freeman-Halton Exact Test. G1, group 1; S2a, subgroup 2a; S2b, subgroup 2b; BMI,
body mass index; GDM, gestational diabetes mellitus; IVF, in vitro fertilization; HTN, hypertension;
GHTN, gestational hypertension; EHTN, essential hypertension; Pre/E, preeclampsia/eclampsia;
LGA, large for gestational age; SGA, small for gestational age; FDIU, fetal deaths in utero.

The women without GDM are shown in Tables 2 and S2, with the maternal character-
istics and infant outcomes stratified by the groups and subgroups.

Table 2. Pregnancies without GDM with estimated GDM testing at 26 weeks of gestation categorized
by maternal characteristics and infant outcomes and stratified by pre-COVID19 and COVID-19
groups and subgroups. Group 1 = pre-COVID-19 period, from 1 April 2018 to 31 December 2019;
subgroup 2a = COVID-19 red phase, from 1 April to 2 November 2020; and subgroup 2b = COVID19
two-stage amber phase, from 3 November 2020 to 31 December 2021. Significance is p < 0.05.

2
Variable Total Group 1 Subgroup 2a  Subgroup 2b p-V)a(ll;les Pairwise z-Test p-Values
Glvs. 22 Givs.S2a  S2avs.S2b  Glvs. S2b
vs. S2b
N 7043 3575 1444 2024
n (%) n (%) n (%) 1 (%)
Maternal characteristics
X2 = 41.644
Early BMI P <0.001
<18 341 (4.8) 209 (5.8) 55 (3.8) 77 (3.8) 0.010 i 0.003
19-24 3605 (51.2) 1904 (53.3) 716 (49.6) 985 (48.7) t 1 0.003
25-29 1805 (25.6) 859 (24.0) 404 (28.0) 542 (26.8) 0.011 i i
30-34 720 (10.2) 332(9.3) 150 (10.4) 238 (11.8) t i 0.010
35-39 321 (4.6) 159 (4.4) 62 (4.3) 100 (4.9) i t t
>40 251 (3.6) 112 (3.1) 57 (3.9) 82 (4.1) i i i
Region of birth p=0.204
Australian 4742 (67.3) 2390 (66.9) 950 (65.8) 1402 (69.3) i i i
Asian 1377 (19.6) 702 (19.6) 302 (20.9) 373 (18.4) t 1 i
Other 924 (13.1) 483 (13.5) 192 (13.3) 249 (12.3) i i i
Parity p =0.262
0 3041 (43.2) 1495 (41.8) 653 (45.2) 893 (44.1) i i i
1 2544 (36.1) 1324 (37.0) 496 (34.3) 724 (35.8) t i i
2 961 (13.6) 494 (13.8) 202 (14.0) 265 (13.1) i i i
3 315 (4.5) 161 (4.5) 56 (3.9) 98 (4.8) i i i
>4 182 (2.6) 101 (2.8) 37 (2.6) 44 (2.2) t 1 i
Age > 35 X% =8.224
ge > 35 years p=0016
No 5375 (76.3) 2776 (77.7) 1095 (75.8) 1504 (74.3) i 1 0.014
Yes 1668 (23.7) 799 (22.3) 349 (24.2) 520 (25.7) b i 0.014
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Table 2. Cont.
2
i X' -
Variable Total Group 1 Subgroup 2a  Subgroup 2b p-Values Pairwise z-Test p-Values
Glvs. S2a Glvs.S2a  S2avs.S2b  Glvs.S2b
vs. S2b
2
X2 = 6.486
IVE p=0.039
No 6796 (96.5) 3469 (97.0) 1383 (95.8) 1944 (96.0) 1 1 t
Yes 247 (3.5) 106 (3.0) 61 (4.2) 80 (4.0) 1 1 1
HTN p=0.878
No 6734 (95.6) 3415 (95.5) 1376 (95.3) 1943 (96.0) 1 t t
EHTN 83(1.2) 42 (1.2) 19 (1.3) 22 (1.1) t 1 1
GHTN 129 (1.8) 70 (2.0) 29 (2.0) 30 (1.5) 1 t 1
Pre/E 97 (1.4) 48 (1.3) 20 (1.4) 29 (1.4) 1 1 1
Infant outcomes
LGA p=0333
No 6256 (88.8) 3195 (89.4) 1276 (88.4) 1785 (88.2) 1 t 1
Yes 787 (11.2) 380 (10.6) 168 (11.6) 239 (11.8) 1 1 1
SGA p=0785
No 6265 (89.0) 3188 (89.2) 1278 (88.5) 1799 (88.9) 1 1 t
Yes 778 (11.0) 387 (10.8) 166 (11.5) 225 (11.1) t 1 1
Macrosomia p=0.167
No 6255 (88.8) 3197 (89.4) 1265 (87.6) 1793 (88.6) b I I
Yes 788 (11.2) 378 (10.6) 179 (12.4) 231 (11.4) t t t
Low birth weight p=0.779
No 6548 (93.0) 3331 (93.2) 1341 (92.9) 1876 (92.7) 1 1 1
Yes 495 (7.0) 244 (6.8) 103 (7.1) 148 (7.3) 1 t 1
Preterm birth p =0.502
No 6507 (92.4) 3307 (92.5) 1341 (92.9) 1859 (91.8) 1 1 t
Yes 536 (7.6) 268 (7.5) 103 (7.1) 165 (8.2) 1 1 1
FDIU p =0.640 **
No 7027 (99.8) 3566 (99.7) 1440 (99.7) 2021 (99.9) 1 1 1
Yes 16 (0.2) 9(0.3) 4(0.3) 3(0.1) t T 1
Hypoglycemia p=0271
No 6878 (97.7) 3495 (97.8) 1402 (97.1) 1981 (97.9) i 1 1
Yes 165 (2.3) 80 (2.2) 42 (2.9) 43 (2.1) 1 t t
Respiratory distress p=0.191
No 6930 (98.4) 3510 (98.2) 1420 (98.3) 2000 (98.8) 1 t t
Yes 113 (1.6) 65 (1.8) 24 (1.7) 24 (1.2) 1 1 1
1 p > 0.05; ** Fisher—Freeman-Halton Exact Test. G1, group 1; S2a, subgroup 2a; S2b, subgroup 2b; BMI,
body mass index; GDM, gestational diabetes mellitus; IVF, in vitro fertilization; HTN, hypertension;
GHTN, gestational hypertension; EHTN, essential hypertension; Pre/E, preeclampsia/eclampsia;
LGA, large for gestational age; SGA, small for gestational age; FDIU, fetal deaths in utero.
The women with GDM are shown in Tables 3 and S3, with the maternal characteristics
and infant outcomes stratified by the groups and subgroups.
Table 3. Pregnancies with GDM, with estimated GDM testing at 26 weeks of gestation, categorized by
maternal characteristics and infant outcomes and stratified by pre-COVID-19 and COVID-19 groups
and subgroups. Group 1 = pre-COVID-19 period, from 1 April 2018 to 31 December 2019; subgroup
2a = COVID-19 red phase, from 1 April to 2 November 2020; and subgroup 2b = COVID-19 two-stage
amber phase, from 3 November 2020 to 31 December 2021. Significance is p < 0.05.
2
Variable Total Group 1 Subgroup 2a  Subgroup 2b p-V)a(ll:Jes Pairwise z-Test p-Values
Glvs-52a  Giys.S2a  S2avs.S2b  Glvs. S2b
vs. S2b
N 2643 1304 401 938
1 (%) 1 (%) 1 (%) 1 (%)
Maternal characteristics
2
X2 =21.863
Early BMI p=0.016
<18 51 (1.9) 30 (2.3) 6 (1.5) 15 (1.6) i 1 1
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Table 3. Cont.

2
Variable Total Group 1 Subgroup 2a  Subgroup 2b p-V);l:les Pairwise z-Test p-Values
Glyvs. S2a Glvs.S2a  S2avs.S2b  Glvs. S2b
vs. S2b
19-24 774 (29.3) 399 (30.6) 102 (25.4) 273 (29.1) t 1 i
25-29 765 (28.9) 391 (30.0) 102 (25.4) 272 (29.0) i i i
30-34 484 (18.3) 219 (16.8) 95 (23.7) 170 (18.1) 0.006 i i
35-39 273 (10.3) 120 (9.2) 41 (10.2) 112 (11.9) i i i
>40 296 (11.2) 145 (11.1) 55 (13.7) 96 (10.2) b i i
Region of birth p=0.592
Australian 1415 (53.5) 697 (53.5) 220 (54.9) 498 (53.1) i IS is
Asian 960 (36.3) 475 (36.4) 134 (33.4) 351 (37.4) i 1 i
Other 268 (10.1) 132 (10.1) 47 (11.7) 89 (9.5) i i i
Parity p =0.055
0 1042 (39.4) 495 (38.0) 153 (38.2) 394 (42.0) i i i
1 1030 (39.0) 526 (40.3) 150 (37.4) 354 (37.7) t t t
2 357 (13.5) 168 (12.9) 60 (15.0) 129 (13.8) t 1 i
3 129 (4.9) 75 (5.8) 17 (4.2) 37(3.9) i i i
>4 85(3.2) 40 (3.1) 21(5.2) 24 (2.6) t 0.038 i
Age > 35 years p =0.694
No 1812 (68.6) 890 (68.3) 270 (67.3) 652 (69.5) t it i
Yes 831 (31.4) 414 (31.7) 131 (32.7) 286 (30.5) I i i
x2 =10.750
GDM by treatment p = 0.005
Diet 1203 (45.5) 565 (43.3) 171 (42.6) 467 (49.8) i 0.050 0.007
Insulin 1440 (54.5) 739 (56.7) 230 (57.4) 471 (50.2) t 0.050 0.007
IVF p=0.190
No 2520 (95.3) 1234 (94.6) 383 (95.5) 903 (96.3) i i i
Yes 123 (4.7) 70 (5.4) 18 (4.5) 35(3.7) i 1 1
x% =13.041
HIN p =0.042
No 2461 (93.1) 1221 (93.6) 365 (91.0) 875 (93.3) t 1 1
EHTN 82(3.1) 32(2.5) 12 (3.0) 38 (4.1) i i i
GHTN 59 (2.2) 30 (2.3) 14 (3.5) 15 (1.6) t 1 i
Pre/E 41 (1.6) 21 (1.6) 10 (2.5) 10 (1.1) I i i
Infant outcomes
x2 = 16.488
LGA p <0.001
No 2309 (87.4) 1160 (89.0) 326 (81.3) 823 (87.7) <0.001 0.006 i
Yes 334 (12.6) 144 (11.0) 75 (18.7) 115 (12.3) <0.001 0.006 i
SGA p=0.827
No 2370 (89.7) 1168 (89.6) 363 (90.5) 839 (89.4) i 1 i
Yes 273 (10.3) 136 (10.4) 38 (9.5) 99 (10.6) t i i
. x? =10.026
Macrosomia b =0.007
No 2414 (91.3) 1212 (92.9) 354 (88.3) 848 (90.4) 0.008 i i
Yes 229 (8.7) 92(7.1) 47 (11.7) 90 (9.6) 0.008 1 i
Low birth weight p=0.342
No 2493 (94.3) 1234 (94.6) 372(92.8) 887 (94.6) t 1 i
Yes 150 (5.7) 70 (5.4) 29 (7.2) 51(5.4) I i i
Preterm birth p=0.283
No 2478 (93.8) 1225 (93.9) 369 (92.0) 884 (94.2) i i i
Yes 165 (6.2) 79 (6.1) 32 (8.0) 54 (5.8) t i i
FDIU p =1.000 **
No 2638 (99.8) 1301 (99.8) 401 (100.0) 936 (99.8) o0 o0 i
Yes 5(0.2) 3(0.2) 0(0.0) 2(0.2) o o0 i
Hypoglycemia p=0.448
No 2494 (94.4) 1237 (94.9) 374 (93.3) 883 (94.1) t i i
Yes 149 (5.6) 67 (5.1) 27 (6.7) 55 (5.9) b i i
Respiratory distress p=0.837
No 2596 (98.2) 1279 (98.1) 395 (98.5) 922 (98.3) i 1 i
Yes 47 (1.8) 25(1.9) 6(1.5) 16 (1.7) b i i

T p > 0.05; ** Fisher-Freeman-Halton Exact Test; co inadequate frequencies for calculations. G1,
group 1; S2a, subgroup 2a; S2b, subgroup 2b; BMI, body mass index; GDM, gestational diabetes
mellitus; IVF, in vitro fertilization; HTN, hypertension; GHTN, gestational hypertension; EHTN,
essential hypertension; Pre/E, preeclampsia/eclampsia; LGA, large for gestational age; SGA, small
for gestational age; FDIU, fetal deaths in utero.
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3.2. Primary Outcome: Were There Differences in GDM Prevalence Associated with
Implementation of the Temporary Guidelines?

Although there was a nonsignificant increase in GDM prevalence from group 1 to 2 of
1.2% (Supplementary Table S1, 26.7% vs. 27.9%), pairwise z-tests in Table 1 show that there
was a significant decrease of 5.0% in the proportion of women with GDM from group 1 to
subgroup 2a (26.7% vs. 21.7%), and a significant increase by 5.0% from group 1 to subgroup
2b (26.7% vs. 31.7%) and by 10.0% from subgroup 2a to 2b (21.7% to 31.7%).

Supplementary Table S4A shows results of sensitivity analyses of GDM prevalence
using estimated GDM testing at 24 weeks and 28 weeks of gestation. Results for both
show significant differences between group 1, subgroup 2a and subgroup 2b (24 weeks
of gestation, 26.9% vs. 22.4% vs. 31.9%, respectively; and 28 weeks of gestation, 26.7% vs.
21.5% vs. 31.4%, respectively).

Supplementary Table S4B shows results of sensitivity analyses for repeat pregnancies
and GDM prevalence using Generalized Estimating Equations (GEEs), adjusting for repeat
pregnancies, with estimated GDM testing at 24, 26 and 28 weeks of gestation. There were
8171 women with one pregnancy, 747 women with two pregnancies and seven women with
three pregnancies. GEE models adjusting for repeat pregnancies showed that all differences
in GDM prevalence between the group and subgroups remained significant.

3.3. Secondary Outcome 1: Were There Differences in Maternal Characteristics Associated with
Implementation of the Temporary Guidelines?

Tables 1 and S1 show the maternal characteristics of the total study sample. For BMI,
pairwise z-tests show that there were significant reductions in the proportions of women
with BMI < 18 from group 1 to subgroups 2a (4.9% vs. 3.3%) and to 2b (4.9% vs. 3.1%),
and with BMI 19-24 from group 1 to subgroup 2b (47.2% vs. 42.5%). From group 1 to
subgroup 2b, there were significant increased proportions of women with BMI 30-34
(11.3% vs. 13.8%) and BMI 35-39 (5.7% vs. 7.2%). Women were older in group 2, with
a significant increase from groups 1 to 2 in the proportion who were aged > 35 years
(24.9% vs. 26.8%).

Generally, the BMI groups for overweight and obesity comprised 47.9% of women in
group 1, while in group 2, this increased to 53.7%. The proportion of women who were
overweight or obese increased from group 1 to subgroup 2a (47.9% to 52.4%) and to 2b
(54.5%). Approximately 64% of women were Australian-born, 24% were Asian-born and
12% were other-born. From group 1 to group 2, the highest percentage of pregnancies had
a parity of 0, of which there was a nonsignificant increase (40.8%vs 43.5%). Approximately
4% of pregnancies resulted from IVF, 2.5% of women experienced GHTN, 2% experienced
EHTN and 1.5% experienced preeclampsia.

Tables 2 and S2 show the maternal characteristics of pregnancies without GDM. For
BMI, pairwise z-tests showed that, from group 1 to subgroup 2a, there was a significant re-
duction in the proportion of women with BMI < 18 (5.8% vs. 3.8%) and a significant increase
in those with BMI 25-29 (24.0% vs. 28.0%). From group 1 to subgroup 2b, there were signif-
icant reductions in the proportions of women with BMI < 18 (5.8% vs. 3.8%) and with BMI
19-24 (53.3% vs. 48.7%), and a significant increase in those with BMI 30-34 (9.3% vs. 11.8%).
There was also a significant increase in the proportion of women aged > 35 years from
group 1 to subgroup 2b (22.3% vs. 25.7%).

For non-GDM pregnancies, approximately 67% of women were Australian-born, 20%
were Asian-born and 13% were other-born. In group 1, 40.8% were overweight or obese,
while in group 2, this increased to 47.2%. In subgroups 2a and 2b, the proportions of
overweight or obese women were 46.6% and 47.6%, respectively. Approximately 2% of
women experienced GHTN, 1.5% experienced EHTN and 1.5% experienced preeclampsia.
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Tables 3 and S3 show the maternal characteristics of pregnancies with GDM. Pairwise
z-tests showed that the proportion of women with diet-controlled GDM significantly
increased from subgroup 2a to subgroup 2b (42.6% vs. 49.8%) and between group 1 and
subgroup 2b (43.3% vs. 49.8%) and, conversely, significantly decreased in pregnancies with
insulin-requiring GDM from subgroup 2a to 2b (57.4% vs. 50.2%) and from group 1 to
subgroup 2b (56.7% vs. 50.2%). There was also a significant increase in the proportion of
women with BMI 30-34 from group 1 to subgroup 2a (16.8% vs. 23.7%) and a significant
reduction in the proportion of women with a parity of >4 from subgroup 2a to subgroup
2b (5.2% vs. 2.6%).

For pregnancies with GDM, approximately 54% of women were Australian-born, 36%
were Asian-born and 10% were other-born. In group 1, 67.1% were overweight or obese,
while in group 2, this increased to 70.4%. In subgroups 2a and 2b, the proportions of
women who were overweight or obese were 73.0% and 69.2%, respectively. Approximately
31% of women were aged > 35 years, 5% of pregnancies resulted from IVF, 2.5% of women
experienced GHTN, 3% experienced EHTN and 1.5% experienced preeclampsia.

3.4. Secondary Outcome 2: Were There Differences in Infant Outcomes Associated with
Implementation of the Temporary Guidelines?

For the total study sample, infant outcomes are shown in Tables 1 and S1. Pair-
wise z-tests showed that there were significant increases from group 1 to subgroup 2a
in the proportions of infants born with LGA (10.7% vs. 13.2%) and with macrosomia
(9.6% vs. 12.2%). Generally, approximately 11% of infants were born SGA, 7% were born
with low birth weight, 7% were preterm, 0.2% were FDIU, 3% were hypoglycemic and 2%
had respiratory distress.

For non-GDM pregnancies, infant outcomes are shown in Tables 2 and S2. There
were no significant associations for any infant outcome (all: p > 0.05). The pairwise z-tests
showed that all between-group comparisons were nonsignificant (all: p > 0.05). Generally,
approximately 11% of infants were born LGA, 11% were born SGA, 11% were born with
macrosomia, 7% were born with low birth weight, 7.5% were preterm, 0.2% were FDIU,
2.5% were hypoglycemic and 1.5% had respiratory distress. Table 4a shows that there were
no significant differences in the odds of any infant outcome for non-GDM pregnancies in
group 2 and subgroups 2a and 2b when compared to group 1, or for subgroup 2b when
compared to subgroup 2a (all: p > 0.05).

Table 4. Bivariate and multivariate analysis of association between GDM status and treatment type
(insulin-requiring and diet-controlled) and infant outcomes (SGA, LGA, macrosomia, low birth
weight, preterm birth, FDIU, hypoglycemia and respiratory distress) comparing COVID-19 group
and subgroups (group 2 and subgroups 2a and 2b) to the pre-COVID-19 group (group 1) as the
reference and comparing COVID-19 subgroup 2b to subgroup 2a as the reference. GDM testing is
estimated at 26 weeks of gestation. For each, unadjusted odds ratio (OR), adjusted OR and 98.75%
confidence intervals (CIs) are provided. Significance was set at p < 0.0125.

Reference Group/ Unadjusted OR Adjusted OR

Group/Subgroup Subgroup (98.75% CI) p-Value (98.75% CI) 2 p-Value
(a) Non-GDM pregnancies
LGA
1 2 1.12 (0.93, 1.35) 0.141 1.11 (0.91, 1.34) 0.194
2a 1.11 (0.87,1.42) 0.302 1.11 (0.87,1.43) 0.293
2b 1.13 (0.90, 1.40) 0.177 1.10 (0.88, 1.38) 0.280
2a 2b 1.02 (0.78, 1.33) 0.875 0.99 (0.75, 1.30) 0.933
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Table 4. Cont.
Reference Group/ Unadjusted OR Value Adjusted OR Value
Group/Subgroup Subgroup (98.75% CI) P (98.75% CI) 2 P
SGA
1 2 1.05 (0.87,1.27) 0.548 1.07 (0.88, 1.30) 0.407
2a 1.07 (0.84, 1.37) 0.492 1.07 (0.83,1.38) 0.498
2b 1.03 (0.83,1.29) 0.737 1.06 (0.85, 1.34) 0.496
2a 2b 0.96 (0.73, 1.26) 0.728 1.00 (0.75, 1.32) 0.979
Macrosomia
1 2 1.13 (0.94, 1.37) 0.097 1.13 (0.93, 1.36) 0.124
2a 1.20 (0.94, 1.52) 0.063 1.21 (0.94, 1.54) 0.058
2b 1.09 (0.87, 1.36) 0.332 1.07 (0.86, 1.34) 0.448
2a 2b 0.91 (0.70, 1.19) 0.377 0.88 (0.67, 1.16) 0.246
Low birth weight
1 2 1.07 (0.84, 1.34) 0.499 1.08 (0.85, 1.38) 0.410
2a 1.05 (0.77, 1.42) 0.697 1.07 (0.78, 1.46) 0.606
2b 1.08 (0.82, 1.41) 0.493 1.09 (0.83, 1.45) 0.423
2a 2b 1.03 (0.74, 1.43) 0.841 1.02 (0.72, 1.43) 0.915
Preterm birth
1 2 1.03 (0.83, 1.29) 0.714 1.04 (0.83,1.31) 0.662
2a 0.95 (0.70, 1.28) 0.656 0.96 (0.70, 1.30) 0.728
2b 1.10 (0.85, 1.42) 0.378 1.10 (0.85, 1.44) 0.364
2a 2b 1.16 (0.83, 1.60) 0.268 1.15 (0.82, 1.60) 0.302
FDIU
1 2 0.80 (0.23, 2.83) 0.661 0.83 (0.23,2.94) 0.708
2a 1.10 (0.25, 4.95) 0.873 1.13 (0.25,5.12) 0.839
2b 0.59 (0.11, 3.11) 0.426 0.61 (0.11, 3.24) 0.459
2a 2b 0.53 (0.08, 3.61) 0.412 0.55 (0.08, 3.79) 0.441
Hypoglycemia
1 2 1.10 (0.74, 1.63) 0.554 1.08 (0.73,1.61) 0.615
2a 1.31 (0.81,2.12) 0.164 1.30 (0.80,2.11) 0.184
2b 0.95 (0.59, 1.53) 0.781 0.93 (0.58, 1.51) 0.720
2a 2b 0.73 (0.42, 1.25) 0.143 0.73 (0.42,1.27) 0.157
Respiratory distress
1 2 0.76 (0.47, 1.22) 0.148 0.74 (0.46, 1.20) 0.120
2a 0.91 (0.50, 1.67) 0.704 0.89 (0.49, 1.64) 0.644
2b 0.65 (0.36, 1.18) 0.071 0.63 (0.35, 1.16) 0.057
2a 2b 0.71 (0.34, 1.47) 0.239 0.71 (0.34, 1.47) 0.239
(b) GDM pregnancies
LGA
1 2 1.33(0.99, 1.79) 0.015 1.32(0.97,1.79) 0.024
2a 1.85 (1.26,2.73) <0.001 1.76 (1.17,2.63) <0.001
2b 1.13 (0.81, 1.57) 0.374 1.14 (0.81, 1.60) 0.356
2a 2b 0.61 (0.41, 0.91) 0.002 0.66 (0.43, 1.00) 0.012
SGA
1 2 0.98 (0.71, 1.35) 0.867 0.97 (0.70, 1.35) 0.825
2a 0.90 (0.56, 1.46) 0.582 0.91 (0.55, 1.51) 0.644
2b 1.01 (0.72, 1.44) 0.924 1.00 (0.69, 1.43) 0.978
2a 2b 1.13 (0.68, 1.86) 0.551 1.02 (0.61, 1.72) 0.919
Macrosomia
1 2 1.50 (1.06, 2.13) 0.004 1.49 (1.04,2.14) 0.005
2a 1.75 (1.09, 2.81) 0.003 1.68 (1.03,2.72) 0.008
2b 1.40 (0.95, 2.06) 0.030 1.41 (0.95,2.10) 0.029
2a 2b 0.80 (0.50, 1.29) 0.240 0.87 (0.53, 1.43) 0.494
Low birth weight
1 2 1.12 (0.74, 1.71) 0.501 1.16 (0.75, 1.80) 0.393
2a 1.37(0.78, 2.43) 0.164 1.42 (0.78, 2.59) 0.142
2b 1.10 (0.63, 1.63) 0.943 1.05 (0.65, 1.72) 0.789
2a 2b 0.74 (0.40, 1.35) 0.206 0.73 (0.39, 1.36) 0.199
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Table 4. Cont.
Reference Group/ Unadjusted OR Value Adjusted OR Value
Group/Subgroup Subgroup (98.75% CI) P (98.75% CI) 2 P
Preterm birth
1 2 1.06 (0.71, 1.59) 0.699 1.09 (0.72, 1.64) 0.600
2a 1.35(0.78,2.32) 0.174 1.33 (0.76, 2.33) 0.204
2b 0.95 (0.60, 1.49) 0.766 0.99 (0.62, 1.57) 0.945
2a 2b 0.70 (0.40, 1.26) 0.130 0.74 (0.41, 1.34) 0.208
FDIU
1 2 0.65 (0.07, 6.36) 0.636 0.59 (0.06, 6.05) 0.573
2a N/A N/A
2b 0.93 (0.10, 9.08) 0.934 0.90 (0.09, 9.45) 0.915
2a 2b N/A N/A
Hypoglycemia
1 2 1.20 (0.79, 1.84) 0.272 1.20 (0.78, 1.84) 0.296
2a 1.33 (0.74, 2.40) 0.222 1.26 (0.70, 2.30) 0.327
2b 1.15(0.72, 1.84) 0.455 1.17 (0.73, 1.88) 0.418
2a 2b 0.86 (0.47, 1.58) 0.544 0.93 (0.50, 1.73) 0.758
Respiratory distress
1 2 0.86 (0.41, 1.79) 0.594 0.84 (0.40, 1.78) 0.567
2a 0.78 (0.25, 2.44) 0.582 0.68 (0.21, 2.19) 0.409
2b 0.89 (0.40, 1.99) 0.713 0.92 (0.41, 2.10) 0.810
2a 2b 1.14 (0.34, 3.81) 0.783 1.45(0.41,5.19) 0.468
(c) Pregnancies with diet-controlled GDM
LGA
1 2 1.54 (0.96, 2.50) 0.024 1.51 (0.92,2.48) 0.040
2a 2.02 (1.06, 3.85) 0.007 1.81 (0.92, 3.56) 0.029
2b 1.38 (0.82,2.33) 0.126 1.40 (0.81,2.42) 0.120
2a 2b 0.68 (0.36, 1.29) 0.135 0.73 (0.38, 1.43) 0.248
SGA
1 2 0.77 (0.50, 1.19) 0.134 0.78 (0.49, 1.22) 0.166
2a 0.58 (0.27, 1.20) 0.061 0.54 (0.25, 1.20) 0.055
2b 0.85 (0.53, 1.34) 0.370 0.87 (0.53, 1.41) 0.466
2a 2b 1.48 (0.69, 3.16) 0.202 1.38 (0.62, 3.09) 0.314
Macrosomia
1 2 1.43 (0.85, 2.40) 0.090 1.31(0.77, 2.25) 0.205
2a 1.41 (0.66, 3.01) 0.255 1.27 (0.58,2.77) 0.451
2b 1.43 (0.82, 2.50) 0.109 1.34 (0.75, 2.39) 0.206
2a 2b 1.10 (0.48,2.14) 0.964 1.07 (0.49, 2.34) 0.825
Low birth weight
1 2 0.88 (0.50, 1.53) 0.554 0.88 (0.49, 1.60) 0.600
2a 1.14 (0.52, 2.49) 0.678 1.01 (0.42,2.42) 0.990
2b 0.78 (0.42, 1.46) 0.326 0.84 (0.44, 1.62) 0.515
2a 2b 0.69 (0.30, 1.58) 0.260 0.75(0.31, 1.84) 0.429
Preterm birth
1 2 0.92 (0.53, 1.58) 0.697 0.92 (0.52, 1.63) 0.730
2a 1.19 (0.56, 2.56) 0.563 1.08 (0.48, 2.46) 0.811
2b 0.82 (0.45, 1.51) 0.417 0.87 (0.46, 1.63) 0.565
2a 2b 0.69 (0.31, 1.54) 0.247 0.73 (0.31, 1.71) 0.359
FDIU
1 2 0.29 (0.02, 5.28) 0.290 0.18 (0.01, 4.05) 0.168
2a N/A N/A
2b 0.40 (0.022,7.22) 0.431 0.23 (0.01, 5.92) 0.262
2a 2b N/A N/A
Hypoglycemia
1 2 0.81 (0.39, 1.69) 0.469 0.81 (0.38, 1.73) 0.495
2a 0.65 (0.19, 2.26) 0.388 0.59 (0.17,2.11) 0.305
2b 0.87 (0.39, 1.91) 0.648 0.89 (0.40, 2.02) 0.732
2a 2b 1.33 (0.37, 4.80) 0.578 1.49 (0.39, 5.70) 0.461
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Table 4. Cont.
Reference Group/ Unadjusted OR Value Adjusted OR Value
Group/Subgroup Subgroup (98.75% CI) P (98.75% CI) 2 P
Respiratory distress
1 2 0.46 (0.16, 1.31) 0.063 0.43 (0.15,1.26) 0.049
2a 0.58 (0.12,2.79) 0.382 0.45 (0.09, 2.33) 0.225
2b 0.42 (0.13, 1.39) 0.070 0.42 (0.12, 1.44) 0.079
2a 2b 0.73 (0.12, 4.32) 0.657 1.45 (0.16, 13.42) 0.675
(d) Pregnancies with insulin-requiring GDM
LGA
1 2 1.25(0.86, 1.82) 0.144 1.24 (0.84,1.83) 0.176
2a 1.77 (1.08, 2.88) 0.004 1.73 (1.04, 2.89) 0.008
2b 1.02 (0.66, 1.57) 0.931 1.01 (0.64, 1.59) 0.959
2a 2b 0.58 (0.34, 0.98) 0.009 0.60 (0.35, 1.05) 0.023
SGA
1 2 1.25(0.74, 2.02) 0.246 1.19 (0.72,1.97) 0.381
2a 1.38 (0.72, 2.65) 0.215 1.36 (0.69, 2.71) 0.262
2b 1.19 (0.69, 2.03) 0.429 1.12 (0.64, 1.96) 0.623
2a 2b 0.86 (0.43, 1.70) 0.576 0.80 (0.39, 1.65) 0.439
Macrosomia
1 2 1.57 (0.97, 2.53) 0.018 1.61 (0.99, 2.63) 0.015
2a 2.02(1.10, 3.72) 0.004 2.05 (1.09, 3.86) 0.004
2b 1.36 (0.79, 2.33) 0.159 1.40 (0.80, 2.44) 0.131
2a 2b 0.67 (0.36, 1.26) 0.113 0.72 (0.37, 1.40) 0.219
Low birth weight
1 2 1.49 (0.77, 2.86) 0.133 1.44 (0.73,2.84) 0.177
2a 1.78 (0.76, 4.16) 0.091 1.81 (0.75, 4.40) 0.094
2b 1.34 (0.64, 2.81) 0.318 1.28 (0.60, 2.74) 0.413
2a 2b 0.76 (0.31, 1.82) 0.426 0.72 (0.29,1.81) 0.378
Preterm birth
1 2 1.22 (0.67,2.23) 0.406 1.24 (0.67,2.29) 0.378
2a 1.55(0.71, 3.39) 0.161 1.57 (0.70, 3.49) 0.163
2b 1.07 (0.53, 2.13) 0.821 1.09 (0.54, 2.19) 0.769
2a 2b 0.69 (0.30, 1.59) 0.263 0.71 (0.30, 1.70) 0.326
FDIU
1 2 N/A N/A
2a N/A N/A
2b N/A N/A
2a 2b N/A N/A
Hypoglycemia
1 2 1.53(0.90, 2.57) 0.044 1.51 (0.89, 2.57) 0.053
2a 1.76 (0.88, 3.49) 0.041 1.72 (0.85, 3.46) 0.055
2b 1.42(0.79, 2.54) 0.137 1.42 (0.78,2.57) 0.141
2a 2b 0.81 (0.40, 1.63) 0.445 0.87 (0.42,1.82) 0.641
Respiratory distress
1 2 1.73 (0.56, 5.35) 0.227 1.76 (0.56, 5.55) 0.219
2a 1.21 (0.22, 6.62) 0.782 1.25(0.22,7.07) 0.743
2b 1.98 (0.60, 6.54) 0.152 2.00 (0.60, 6.73) 0.153
2a 2b 1.64 (0.31, 8.60) 0.455 1.43 (0.25, 8.10) 0.605

2 Adjusted for maternal characteristics of early BMI, region of birth, parity, age > 35 years, IVF and
HTN; 1, group 1; 2, group 2; 2a, subgroup 2a; 2b, subgroup 2b; GDM, gestational diabetes mellitus;
non-GDM, non-gestational diabetes mellitus; BMI, body mass index; IVE, in vitro fertilization; HTN,
hypertension; LGA, large for gestational age; SGA, small for gestational age; FDIU, fetal deaths in
utero; OR, odds ratio; CI, confidence interval; N /A, not applicable due to insufficient frequencies.

For GDM pregnancies, infant outcomes are shown in Tables 3 and S3. Pairwise z-tests

showed that the proportion of LGA infants significantly increased from group 1 to subgroup

2a (11.0% vs. 18.7%) and significantly decreased from subgroup 2a to subgroup 2b (18.7%

vs. 12.3%). The proportion of infants born with macrosomia significantly increased from

group 1 to subgroup 2a (7.1% vs. 11.7%). Generally, approximately 10% of infants were
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born SGA, 6% were born with low birth weight, 6% were preterm, 0.2% were FDIU, 6%
were hypoglycemic and 2% had respiratory distress.

Table 4b shows that, when compared to GDM pregnancies in group 1, GDM preg-
nancies in subgroup 2a had significantly higher odds of birthing an LGA infant. When
compared to subgroup 2a, those in subgroup 2b had significantly lower odds of birthing
an infant with LGA. Table 4d shows that, stratifying by GDM treatment type, when com-
pared to pregnancies with insulin-requiring GDM in group 1, those in subgroup 2a had
significantly higher odds of infants having LGA (aOR 1.73, 98.75% CI 1.04-2.89, p = 0.008)
and macrosomia (aOR 2.05, 98.75% of 1.09-3.86, p = 0.004). When compared to pregnancies
with insulin-requiring GDM in subgroup 2a, those in subgroup 2b had significantly lower
unadjusted odds of an LGA infant which became nonsignificant following adjustment.

Supplementary Table S4C,D show results of sensitivity analyses for infant outcomes
using estimated GDM testing at 24 weeks of gestation (Table S4C) and 28 weeks of gestation
(Table S4D). Both show that, when compared to pregnancies in group 1, pregnancies with
insulin-requiring GDM in subgroup 2a had significantly higher odds of infants having LGA
(24 weeks of gestation: aOR 1.80, 98.75% CI of 1.08-3.01, p = 0.004; 28 weeks of gestation:
aOR 1.78, 98.75% CI of 1.06-3.00, p = 0.006) and macrosomia (24 weeks of gestation: aOR
2.07, 98.75% CI of 1.11-3.88, p = 0.004; 28 weeks of gestation: aOR 2.11, 98.75%CI of
1.11-4.00, p = 0.004).

Supplementary Table S4E shows results of sensitivity analyses for the infant outcomes
of LGA and macrosomia in insulin-requiring pregnancies using GEE, adjusting for repeat
pregnancies and for estimated GDM testing at 24, 26 and 28 weeks of gestation. Results
show that, when compared to insulin-requiring pregnancies in group 1, pregnancies with
insulin-requiring GDM in subgroup 2a had significantly higher odds of infants having
LGA and macrosomia at all estimated GDM testing dates.

4. Discussion
4.1. Summary of Findings

In this observational before-during study, the main finding in accordance with our
primary objective was that, when compared to the pre-COVID-19 period, GDM preva-
lence significantly decreased in the red phase and significantly increased in the amber
phase. Our main findings, in accordance with our secondary objectives, were that, when
compared to the pre-COVID-19 period counterparts, in the amber phase, pregnancies
with diet-controlled GDM significantly increased, and those with insulin-requiring GDM
significantly decreased, and in the red phase, there were significantly higher odds of LGA
and macrosomia infant outcomes in pregnancies with insulin-requiring GDM. We found
that there were no significant differences in infant outcomes in non-GDM pregnancies.

We showed that there was a nonsignificant increase of 1.2% in GDM prevalence in
the combined COVID-19 period when compared to the pre-COVID-19 period. When
stratified and when compared to the pre-COVID-19 period, GDM prevalence in the red
phase showed a significant 5.0% decrease to 21.7%, while the two-stage amber phase
showed a significant 5.0% increase to 31.7% and a significant 10% increase when compared
to the red phase. However, in an Australian retrospective comparative cohort study of
12,035 pregnancies in Melbourne, Victoria, Deitch et al. (2024) found that there was a
lower GDM prevalence using the two-stage COVID-19 protocol compared to using the
WHO OGTT (18.7% vs. 21.7%, p < 0.001) [28]. It was estimated by d’Emden et al. (2020),
after analyzing the pregnancy OGTTs of 26,242 women in Queensland, Australia, that
using the two-stage COVID-19 protocol would result in a reduction in GDM prevalence of
approximately 4% due to missed cases [29].
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When the temporary guidelines were issued, it was anticipated that the modified
testing strategies used in the COVID-19 phases may miss diagnosing some women with
mild hyperglycemia who would otherwise have been diagnosed using the WHO OGTT,
but that women with the highest risk GDM would be diagnosed [12]. During the red
phase, a fasting glucose threshold alone of >5.1 mmol/L was diagnostic of GDM, while
<5.1 mmol/L excluded GDM. However, not all women who test positive for GDM do so
on a fasting result. In an Australian retrospective cohort study of 654 singleton pregnancies
in Sydney, New South Wales, Rodrigo et al. (2023) found that most women were diagnosed
with GDM on a single elevated result at either the 0, 1 or 2 h timepoint, of which 13.9%,
11.9% and 45.1%, respectively, were diagnosed in that study [30]. An additional 11.8%
had both elevated fasting and 1 h or 2 h levels, and 17.3% had both elevated 1 h and
2 h levels [30]. Therefore, as some women have post-load hyperglycemia only, they are
excluded from a GDM diagnosis based only on a fasting result which is below threshold.

Similarly, the first stage of the amber phase’s two-stage testing used the fasting
threshold of >5.1 mmol/L as diagnostic of GDM. However, a lower fasting threshold
of <4.7 mmol/L excluded GDM. McIntyre et al. (2020) undertook a secondary analysis
of 5974 singleton pregnancies from the HAPO study in which the authors applied the
COVID-19 guidelines of the United Kingdom, Canada and Australia [31,32]. They reported
that, by applying the Australian two-stage approach, 253 (25%) of the 1014 (17%) women
diagnosed with GDM during HAPO would be missed with a consequent reduction of 4.3%
in GDM frequency to 12.7% [31,32].

Results of these studies suggest that missed GDM cases due to women having elevated
post-load glucose only may have been at least 50% in the red phase and 25% in the
two-stage amber phase. However, as GDM prevalence will vary between population
groups due to different underlying prevalences of fasting hyperglycemia versus post-
load hyperglycemia, the percentage of missed cases in our study may vary for these
estimates [33]. It is established that women with untreated mild hyperglycemia are at risk
of adverse infant outcomes [31] and that treatment reduces risk of these outcomes [3-5].
Therefore, if there were missed cases in our study, we would have expected adverse
pregnancy outcomes to have increased in non-GDM pregnancies due to undiagnosed and
untreated mild GDM. However, we did not observe this in our results. Studies analyzing
the impact of the temporary two-stage protocol in Australia have reported that the missed
cases were at low risk of adverse pregnancy outcomes [28,29,32,34]. Cases missed in the
red phase would have elevated 1 h and 2 h glucose levels only, which have fewer adverse
pregnancy outcomes than those with elevated fasting glucose [21,35]. In addition, any
adverse outcomes of the missed cases would be diluted within the larger non-GDM group.

The potential for missed cases may explain the reduction in GDM prevalence in the
red phase but does not explain the increase in GDM prevalence in the amber phase. We
considered possible reasons for this increase. Deitch et al. (2024) proposed that background
rates of GDM increased in the pandemic, as evidenced by increasing rates in regions that
did not implement modified screening [28]. For example, in a retrospective cohort study of
28,207 singleton pregnancies in Sydney, Australia, in which the WHO OGTT had remained
diagnostic of GDM during most of the pandemic, Rhou et al. (2023) found that GDM
significantly increased as the pandemic progressed and when compared to the pre-COVID-
19 period (21.2% in 2018-2020 vs. 22.9% in 2020-2021 vs. 24.8% in 2021-2022; p < 0.001) [36].
GDM risk factors include overweight and obesity; increased maternal age; ethnicity, with
women born in Southern, Central and Southeast Asia at higher risk of GDM compared
to Australian-born women [37]; multiparity [38]; and excessive gestational weight gain
(eGWG) [39]. Rhou et al. (2023) found that the rate of GWG and the proportion of women
with eGWG increased with pandemic exposure (64.3% vs. 66.0% vs. 66.6%; p = 0.009) [36].
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Although data on GWG in our study were unavailable, we did not find any significant
differences in maternal characteristics in women with GDM between the amber phase
and either group 1 or the red phase which might have explained the increase in GDM
prevalence. However, we found significant differences according to type of treatment.

In the combined COVID-19 period, when compared to the pre-COVID-19 period, there
was a significant increase in the proportion of pregnancies with diet-controlled GDM (43.3%
to 47.6%) and a significant reduction in those with insulin-requiring GDM (56.7% to 52.4%).
When stratified, these significant differences were found to relate to the two-stage amber
phase. This pattern of change in GDM treatment was also a finding in the study by Deitch
et al. (2024), in which diet-controlled GDM increased from 47.8% to 53.2% and insulin-
requiring GDM decreased from 52.2% to 46.8% [28]. The authors suggested that reduced
insulin use may have been due to the transition to telehealth during the pandemic, resulting
in reduced on-site insulin education or increased metformin use [28]. Telehealth (telephone
and videoconferencing) was introduced by the Australian Government in March 2020 to
reduce face-to-face delivery of antenatal services [40]. In the ACT, face-to-face services in
2020 reduced by only 0.3% compared to the same period in 2019 [40], with 5.4% and 6.5%
of antenatal services being delivered by telehealth in 2020 and 2021, respectively, compared
to 7.8% and 7.9% nationally, respectively [41]. In addition, the use of metformin is only
after evaluation on an individual basis [42]. Therefore, in our study; it is likely that there
were additional reasons for the proportional differences in treatment modality during the
amber phase.

In contrast, in the red phase, there was a nonsignificant reduction in the proportion of
pregnancies with diet-controlled GDM and a nonsignificant increase in pregnancies with
insulin-requiring GDM. In the study by Rodrigo et al. (2023), the authors reported that
women with a fasting glucose > 5.1mmol/L were more likely to need pharmacotherapy
intervention (p < 0.0001; HR 4.02, 95% CI 2.88-5.61), whereas women with a GDM diag-
nosis based on elevated post-load glucose were more likely to maintain diet intervention
alone [30]. In addition, women with a higher BMI are more likely to require insulin for
glycemic control [43], particularly those with a BMI > 30 [44]. We observed that the propor-
tion of women with GDM having an early BMI > 30 increased from a pre-COVID-19 37.1%
to 47.6% in the red phase, with the increase in BMI 30-34 being significant when compared
to the pre-COVID-19 period. Therefore, the higher proportion of GDM pregnancies in
which mothers were obese in the red phase may also have contributed to the increase in
pregnancies with insulin-requiring GDM in that phase.

Regarding infant outcomes, we found that GDM pregnancies in the red phase, specif-
ically those with insulin-requiring GDM and when compared to their pre-COVID-19
counterparts, had significantly higher odds of LGA and macrosomia. Pregnancies in the
amber phase, when compared to their red-phase counterparts, had significantly lower
odds of LGA, with significantly lower unadjusted odds in those with insulin-requiring
GDM. The terms LGA and macrosomia are often used interchangeably [45], as both are a
consequence of excessive fetal growth. Excessive fetal growth is strongly associated with
maternal hyperglycemia [31], which Pedersen hypothesized leads to fetal hyperinsulinemia
and the excessive accumulation of fetal adipose tissue and increased body weight [15,46].
It has been found that, despite treatment intervention, elevated fasting glucose is a risk
factor for LGA infants [47], irrespective of pharmacological intervention [21].

Fasting hyperglycemia and post-load hyperglycemia are physiologic subtypes of GDM
with distinct metabolic phenotypes and pregnancy outcomes [35]. Athanasiadou et al.
(2025) explain that “Fasting hyperglycemia indicates primarily hepatic insulin resistance
(impaired insulin sensitivity), while post-load hyperglycemia indicates defective insulin
secretion” [35]. This highlights that GDM pregnancies from the red phase, comprising
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pregnancies with elevated fasting glucose, and those of the amber phase and pre-COVID-19
period, comprising pregnancies with elevated fasting and/or postprandial glucose, were
not clinically equivalent. As the former were at a higher risk of requiring insulin and of
LGA and macrosomia infant outcomes [21,35], this may explain our findings. However, as
GDM management must consider the psychosocial and behavioral determinants [48], it is
pertinent to also take into account the potential effect of the pandemic on pregnant women.

GDM imposes significant psychological stress on the mother, in addition to the stress
of pregnancy itself, with concerns of dietary modifications, frequent glucose monitoring,
pharmacologic interventions and the increased risk of adverse pregnancy outcomes [48].
The pandemic added additional lifestyle and psychological burdens on pregnant women
which may have also contributed to adverse pregnancy outcomes [49]. In Australia, it was
found that the mental health and well-being of pregnant women were impacted during the
pandemic with increased anxiety, stress and depression being reported [50]. Disruptions
to the provision of maternity services and changes in maternal lifestyle were found to
have measurable impacts on pregnancy outcomes with significant increased rates of LGA,
macrosomia and maternal overweight and obesity [51]. Consequently, the pandemic
environment may have contributed to our findings, although we were unable to adjust for
its effect.

4.2. Strengths and Limitations

The strengths and limitations of our previous study [10] are reproduced here, with
modifications for the current study.

A strength of this study is that it was undertaken using data routinely collected during
clinical practice in one large regional health system. Another strength of this study is that it
separately assessed the associations for the combined COVID-19 period, as well as for each
of the two phases. As the impact of the temporary guidelines was assessed by comparing
to the pre-COVID-19 period, which used the WHO OGTT, another strength of our study is
that the comparison was made against results obtained using an ideal standard.

However, there are a few limitations. Approximately 15% of the women giving birth in
the ACT public hospital system were non-ACT residents [41]. In addition, the ACT public
hospital accepts high-risk referrals. These women may have resided in regions which
applied different GDM testing strategies, and the BOS data may have comprised a higher
percentage of complex GDM pregnancies compared to all the pregnancies in the region. This
limits the generalizability of our findings, particularly because the composition and referral
characteristics of the population may also have changed throughout the study period. While
we applied the birth-weight centiles of Joseph et al. [20] to determine LGA and SGA infants,
applying other published centiles may provide different results. We assumed an estimated
GDM testing date on average at 26 weeks of gestation to stratify by group and subgroups.
We tested this assumption by applying sensitivity analyses, including GEE, adjusting for
repeat pregnancies, using testing dates estimated at 24 weeks and 28 weeks of gestation (see
Supplementary Materials Table S4A-E). The sensitivity analyses confirmed our key findings.
However, group and subgroup allocation may have differed if we had known actual testing
dates. We were unable to determine whether there were any women whose GDM testing
date varied from the 24-28-week period. This includes those women with risk factors
and who may have been tested using the temporary guidelines” alternative strategy for
high-risk women in the first trimester using a HbAlc > 5.9%. However, Zhu et al. (2021),
in an Australian retrospective audit of 237 women diagnosed with GDM, found that there
were no women diagnosed with GDM in the first trimester, and only five in the second
trimester, using this strategy [52]. As BMI data were rounded in the BOS, there may have
been some women who would have been included in a different category in this study
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if we had accurate BMI data. Australian BMI categories were used which are not ethnic-
specific, although the region of birth was included as a confounder in the adjusted analysis.
Several important potential confounders, such as gestational weight gain, socioeconomic
factors, smoking, glycemic control and, potentially, differences in treatment related to
the COVID-19 pandemic, were unavailable to include in regression models. In addition,
dates of implementation of the temporary guidelines were only relevant to ACT Pathology,
and other pathology providers may have used different arrangements. The GDM testing
strategy in the red phase diagnosed GDM only in women with elevated fasting glucose. As
outcomes were compared to cohorts which comprised all women diagnosed with GDM,
Simpson’s paradox bias may have influenced the significance of our results.

5. Conclusions

The purpose of our study was to observe the differences in GDM prevalence, maternal
characteristics and infant outcomes during the COVID-19 pandemic, when temporary
guidelines for GDM testing were implemented, compared to the pre-COVID-19 period,
which used the WHO OGTT. We were unable to determine the causes of those differences.
In addition, we were unable to isolate and adjust for the confounding effect of the COVID-19
pandemic on lifestyles in our analysis and acknowledge that this may have impacted GDM
prevalence and pregnancy outcomes.

In summary, the results of our study showed that the GDM prevalence differed
significantly during the pandemic. This may have been related to the testing strategy used
in each phase of the temporary guidelines; however, this does not explain the significant
increase in the amber phase. The potential for missed cases from undiagnosed post-
load hyperglycemia suggests that GDM diagnoses during the pandemic may have been
understated. Despite this, we did not observe any significant differences in adverse infant
outcomes in non-GDM pregnancies associated with implementation of the temporary
guidelines. The testing strategy of each phase of the temporary guidelines may have
influenced differences in the proportions of GDM pregnancies in each treatment modality,
with the amber phase showing a significant increase in those with diet-controlled GDM
and a significant reduction in those with insulin-requiring GDM. For infant outcomes,
during the red phase, pregnancies with insulin-requiring GDM had higher odds of LGA
and macrosomia.

While we were unable to test whether pandemic-related reasons influenced pregnancy
outcomes, we consider that the GDM testing method used during the red phase may have
influenced the significance of results for that phase. This is because we compared the
outcomes of GDM pregnancies in the red phase, diagnosed on elevated fasting glucose,
which is associated with a higher risk of adverse outcomes, to the outcomes of all GDM
pregnancies diagnosed using the OGTT, which includes those diagnosed with either or
both elevated fasting glucose and elevated post-load glucose, in the pre-COVID-19 period
and the COVID-19 amber phase. Nevertheless, our study presents real-world findings
associated with implementing the temporary protocols in the ACT in response to the
COVID-19 pandemic. Our findings will be most relevant to future circumstances in which
usual GDM screening practices are interrupted.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/diabetology7100205/s1, Table S1. Total study sample, with es-
timated GDM testing at 26 weeks of gestation, categorized by maternal characteristics and infant
outcomes and stratified by pre-COVID-19 and COVID-19 groups. Table S2. Pregnancies without
GDM, with estimated GDM testing at 26 weeks of gestation, categorized by maternal characteristics
and infant outcomes and stratified by pre-COVID19 and COVID-19 groups. Table S3. Pregnancies
with GDM, with estimated GDM testing at 26 weeks of gestation, categorized by maternal charac-
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teristics and infant outcomes and stratified by pre-COVID-19 and COVID-19 groups. Table S4A.
Sensitivity analyses of GDM prevalence, with estimated GDM testing date at (a) 24 weeks of gestation
and (b) 28 weeks of gestation. Table S4B. Sensitivity analyses of (a) repeat pregnancies and (b) GDM
prevalence using Generalized Estimating Equations, adjusting for repeat pregnancies with estimated
GDM testing at 24, 26 and 28 weeks of gestation. Table S4C. Sensitivity analyses of bivariate and
multivariate analysis of association with GDM testing estimated at 24 weeks of gestation. Table
54D. Sensitivity analyses of bivariate and multivariate analysis of association with GDM testing
estimated at 28 weeks of gestation. Table S4E. Sensitivity analyses of key findings of LGA and
macrosomia in insulin-requiring pregnancies using Generalized Estimating Equations, adjusting for
repeat pregnancies for estimated GDM testing at 24, 26 and 28 weeks of gestation.
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