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What’s new?

 It is assumed that recommended pre-analytical plasma glucose methodologies 

are appropriate for International Association of the Diabetes and Pregnancy 

Study Groups/World Health Organization (IADPSG/WHO) gestational 

diabetes mellitus (GDM) diagnostic thresholds.

 Large for gestational age outcomes were comparable with the Hyperglycemia 

and Adverse Pregnancy Outcome (HAPO) study using traditional (batched 

sodium fluoride tubes) pre-analytical methodology for plasma glucose.

 Modelling of a recommended (lyophilized citrate tubes) pre-analytical method 

is predicted to increase GDM prevalence from 13.5% to 39.2%.

 HAPO likely did not use the current recommended pre-analytical plasma 

glucose methods.

 The current recommendations for pre-analytical plasma glucose methodology 

may distort GDM prevalence.

 Centres using recommended pre-analytical plasma glucose methodology may 

need to reappraise diagnostic thresholds.

Abstract

Aim Current International Association of the Diabetes and Pregnancy Study 

Groups/World Health Organization  gestational diabetes mellitus (GDM) diagnostic 

thresholds are based on a landmark study in which the pre-analytical plasma glucose 

sampling methodology is unclear. Worldwide, plasma glucose pre-analytical 

sampling methodology practices are divergent. We considered the effects of pre-

analytical plasma glucose sampling methodology on GDM prevalence and gestational 

outcomes.

Methods This is a retrospective observational cohort study of 1178 pregnant women 

undergoing an oral glucose tolerance test (OGTT). Of the 1178 pregnant women, a 

subset of 892 non-GDM women with singleton births undergoing OGTT between 24 

and 28 weeks’ gestation were investigated for large for gestation age (LGA) 

outcomes. OGTT were determined using traditional methods (sodium fluoride tubes 

batched at roomed temperature). We modelled the potential effects of using a A
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recommended pre-analytical plasma glucose methodology (lyophilized citrate tubes) 

on GDM prevalence.

Results The GDM prevalence in our cohort was 13.5%. The incidence of LGA 

showed a linear association with maternal plasma glucose that was similar to the 

association observed in the Hyperglycemia and Adverse Pregnancy Outcome study. 

Frequency of LGA exceeded 10% at HAPO glucose category 4 (fasting, 4.8 to 

4.9 mmol/l; 1-h, 8.7 to 9.5 mmol/l) for fasting and 1-h plasma glucose. The use of a 

recommended pre-analytical method is projected to increase the prevalence of GDM 

to 39.2%.

Conclusion We challenge the consensus that recommended pre-analytical plasma 

glucose methodologies are optimal for the accurate diagnosis of GDM. 

Recommended pre-analytical plasma glucose methods may profoundly over-diagnose 

GDM. Centres using recommended pre-analytical plasma glucose methodologies may 

need to reappraise their diagnostic thresholds.

<H1>Introduction

The Hyperglycemia and Adverse Pregnancy Outcome (HAPO) study [1] established 

the continuous association of maternal plasma glucose with clinical outcomes. This 

landmark study is the basis for International Association of the Diabetes and 

Pregnancy Study Groups/World Health Organization (IADPSG/WHO) gestational 

diabetes mellitus (GDM) diagnostic thresholds [2,3]. Moreover, some countries have 

used the HAPO data for fasting plasma glucose (FPG) as a basis for suggested 

treatment targets [4]. Because the HAPO study is integral to the establishment of 

diagnostic thresholds and treatment targets, the methods used to determine plasma 

glucose levels in oral glucose tolerance tests (OGTT) should be clarified. Of note, the 

pre-analytical plasma glucose methodologies vary worldwide and this may be a 

significant factor affecting reported plasma glucose levels [5,6].

The effects of pre-analytical plasma glucose methodology on reported levels are well 

recognized [7,8]. Loss of glucose levels due to glycolysis in whole blood ex vivo 

occurs at rate of 5–7% per hour [8].

Recommended pre-analytical plasma glucose methodologies specify that samples 

should be collected in an effective glycolysis inhibitor such as citrate-buffered 

containers, or should be placed in an ice-water slurry, and the plasma separated from 

the cells within 30 min [8].A
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Traditional pre-analytical plasma glucose methodology for OGTT has been to collect 

batched samples in sodium fluoride tubes for fasting, 1-h and 2-h plasma glucose 

measurement at room temperature. Once all three samples have been collected, they 

are centrifuged to separate plasma from cellular elements [9]. Sodium fluoride is used 

as the glycolysis inhibitor but it does not fully prevent glycolysis until 4 h. Using 

traditional pre-analytical plasma glucose methodology, FPG samples are most 

exposed to the glucose-decreasing effects of glycolysis compared with the 2-h 

sample, due to the extra 2 h wait for processing.

Unfortunately, the HAPO study’s pre-analytical plasma glucose methodology for 

OGTT is not specified and was left to the discretion of local sites [10]. The current 

consensus is that traditional pre-analytical plasma glucose methods underestimate the 

prevalence of hyperglycaemic disorders, including GDM [8].

Recent small cohort studies investigating the impact of pre-analytical plasma glucose 

methodology on GDM prevalence have demonstrated a 2.5–3-fold increase in GDM 

prevalence when recommended methods replaced traditional pre-analytical plasma 

glucose methods [9,11,12]. However, without clinical outcome data it cannot be 

determined which pre-analytical plasma glucose method is consistent with HAPO.

We investigated large for gestational age (LGA) outcomes in a large cohort using 

universal screening OGTT with known pre-analytical plasma glucose methodology. 

We also modelled the potential effects of recommended OGTT pre-analytical plasma 

glucose methodology on GDM prevalence to compare with HAPO centres and recent 

small pre-analytical plasma glucose methodology studies.

We use LGA outcome data to compare our classifications with those observed in the 

HAPO study. These comparisons were made for OGTT samples at FPG, 1-h and 2-h 

levels. Comparisons of clinical outcomes between FPG, 1-h and 2-h are important as 

FPG levels are more susceptible to glycolysis than 1- or 2-h samples because the FPG 

sample has a greater exposure to glycolysis. If HAPO used the current recommended 

pre-analytical plasma glucose methods, we expected a shift upwards in the linear 

association of LGA vs. maternal FPG levels at all HAPO glucose categories; although 

not for 1- and 2-h samples.

<H1>Methods

Our study is a retrospective observational cohort study of all births at Ballarat Health 

Services (BHS), Victoria, Australia between 1 January and 31 December 2017. BHS A
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is a public hospital that provides antenatal care and 70% of pregnancy deliveries to a 

population of 105 000.

<H2>Electronic medical records

Electronic medical records for all women giving birth at BHS in 2017 were searched 

for OGTT results. Singleton deliveries with OGTT taken between 24 and 28 weeks’ 

gestation were selected for records of fetal birthweight, gestational age as determined 

by ultrasound or last menstrual period, and gestational age at birth. LGA was defined 

as a birthweight > 90th percentile for gestational age using age standardized charts 

[13].

<H2>Pre-analytical methods for OGTT

Three commercial pathology providers performed OGTTs for our women. Typically, 

OGTT are undertaken at collection centres in community-based settings. Once all 

three samples for OGTT have been taken, they are batched and centrifuged to 

separate plasma from cellular elements and transported to pathology provider’s 

laboratory for analysis. All samples were collected in sodium fluoride/potassium 

oxalate (NaF/Kox) tubes and stored at room temperature.

All three commercial pathology providers used enzymatic hexokinase analytical 

methods consistent with American Diabetes Association/National Academy of 

Clinical Biochemistry (ADA/NACB) guidelines [8]. They are accredited to nationally 

recognized standards and follow external quality assurance survey programmes 

conducted by the Royal College of Pathologists of Australasia.

Screening for GDM followed the IADPSG/WHO and Australasian Diabetes in 

Pregnancy Society (ADIPS) guidelines [4], which recommend universal one-step 

screening with OGTT at 24–28 weeks’ gestation. The diagnosis of GDM at any time 

during pregnancy was based on any one of the following 75 g oral glucose load 

OGTT values: (i) FPG 5.1–6.9 mmol/l; (ii) 1-h plasma glucose ≥ 10.0 mmol/l; (iii) 2-

h plasma glucose 8.5–11.0 mmol/l. HAPO glucose categories for FPG, 1- and 2-h 

plasma glucose were classified as per HAPO study [1] (Appendix S1).

We modelled the use of recommended citrate-buffered tubes for plasma glucose 

analysis using the results of Carey et al. [11] as a basis for formulating adjustment 

factors. For the modelling purposes, the plasma glucose levels observed in our cohort 

were multiplied by adjustment factors of 1.113 (4.9/4.4) for FPG, 1.081 (8.0/7.4) for 

1-h plasma glucose and 1.061 (6.9/6.5) for 2-h plasma glucose (Table 1).
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<H1>Results

The characteristics of our population are described in Table 2. The population has a 

mean age of 29.1 years; a BMI of 27.7 and the population is predominately of 

Caucasian heritage (91%).

Figure 1 outlines participant exclusion and inclusions. Of the 1505 women who 

delivered at BHS during the study period, 1178 (78.3%) had OGTT to screen for 

GDM and met the eligibility criteria for the study. Of the 1178 women with OGTT, 

162 were above the diagnostic thresholds, as recommended by 

IADPSG/WHO/ADIPS.

Some 1000 women with singleton births had OGTT performed between 24 and 28 

weeks’ gestation. After removal of women above the diagnostic threshold, 892 non-

GDM women were analysed for rates of LGA. The findings of our study are 

compared with other cohorts in Table 3.

Among the women receiving an OGTT test in our cohort, GDM prevalence was 

found to be 13.5% (159 of 1178). Three women met the criteria for overt diabetes. As 

a proportion of all pregnant women in our cohort, the GDM prevalence was 10.6% 

(159 of 1505).

The frequency of LGA vs. HAPO-defined plasma glucose categories among women 

with sub-GDM plasma glucose is shown in Fig. 2. The 10% threshold for rates of 

LGA is exceeded at HAPO category 4 for FPG samples (4.8 to 4.9 mmol/l) and for 1-

h samples (8.7 to 9.5 mmol/l).

<H1>Discussion

We investigated rates of LGA outcomes and GDM prevalence in a seemingly low-

risk pre-dominantly Caucasian population using traditional pre-analytical plasma 

glucose methodology.

If HAPO used the current recommended pre-analytical plasma glucose methods, in 

our data we would have expected a shift upwards in the linear association of LGA vs. 

maternal FPG for all HAPO glucose categories. Using the point where 10% LGA 

frequency is exceeded as an example, this threshold would have occurred at a lower 

HAPO glucose category than observed in the HAPO study, because our traditional 

methods would have lower reported FPG levels than the HAPO study (Fig. 2). This 

shift upwards was not observed.
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Traditional pre-analytical plasma glucose methods affect FPG disproportionally and 

HAPO glucose categories are tighter for FPG (0.2 mmol/l) compared with 1-h (1.1–

1.4 mmol/l) and 2-h (0.7–1.0 mmol/l) plasma glucose. As such, we would have 

expected that the frequency of LGA for FPG to be most susceptible to any 

inaccuracies in glucose measurements, more so than for 1- and 2-h samples at each 

HAPO glucose category. This is because traditional pre-analytical plasma glucose 

methods would lower mean FPG by 0.5 mmol/l (Table 1) or two to three HAPO 

glucose categories, but would have minimal reclassification effects on 1- and 2-h 

levels. The expected shift upwards in the linear association of LGA for FPG levels vs. 

both the 1- and 2-h levels was not observed (Fig. 2).

LGA frequencies relative to maternal plasma glucose for our cohort are similar to 

those observed in the HAPO study. We use the level where LGA frequency exceeded 

10% to compare with published LGA outcome data from the HAPO study and one 

other study with now known pre-analytical plasma glucose methodology (Table 3).

Fasting plasma glucose LGA frequency exceeded 10% at HAPO category 4 (4.8–4.9 

mmol/l). The 1-h LGA frequency exceeded 10% at HAPO category 4 (8.7–9.5 

mmol/l) again similar to HAPO. However, the 2-h LGA frequency at HAPO category 

4 (7.0–7.7 mmol/l) was 8.4% (Fig. 2). Slight discordance between the 2-h to FPG and 

1-h LGA outcomes may be due to variations attributable to a smaller cohort size 

compared with HAPO.

We juxtaposed our outcome data on LGA frequency using traditional pre-analytical 

plasma glucose methodology with one other study, after personal correspondence, 

with known recommended pre-analytical plasma glucose methodology and LGA 

outcomes (Table 3). McIntyre et al. [14], used the FPG level where LGA rates 

exceeded 10% to assert that HAPO-derived IADPSG/WHO GDM diagnostic 

thresholds were suboptimal for their Danish population. In their study, the point at 

which the frequency of LGA exceeded 10% occurred at 5.6 mmol/l (HAPO glucose 

category 7) and not at category 4 (4.8–4.9 mmol/l) as seen in HAPO. The 

IADPSG/WHO GDM diagnostic thresholds for the Danish population using 

recommended pre-analytical plasma glucose methodology would select women with 

much lower adverse fetal outcomes than expected from the HAPO data.

We showed using modelling data that if our cohort were to use recommended pre-

analytical plasma glucose methods, it would have similar LGA outcome data and 

prevalence rates to those presented by McIntyre et al. [14] (Table 3). The choice of 
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recommended vs. traditional pre-analytical plasma glucose methods may account for 

the differences in LGA outcomes.

GDM prevalence, in our seemingly low-risk cohort of predominately Caucasian 

women, was 13.5%; comparable with other Australian HAPO centres (Table 3). We 

compare our GDM prevalence of 13.5% with small cohort studies using paired 

traditional and recommended pre-analytical plasma glucose methodologies [9,11,12]. 

These small studies reported GDM prevalence rates ranging from 14.4% to 20% using 

traditional pre-analytical plasma glucose methods, which were within the range of 

9.3% to 25.5% seen in HAPO centres [15]. Using paired samples and recommended 

pre-analytical plasma glucose methods, these studies reported a GDM prevalence of 

38.1% to 54% in the same cohorts [9,11,12]. A larger cohort study from Odense, 

Denmark [14] in a seemingly low-risk population, used recommended pre-analytical 

plasma glucose methodology and reported a GDM prevalence by FPG of 40.1%. 

Modelling the use of a recommended pre-analytical plasma glucose method for our 

study is projected to increase GDM prevalence to 39.2%. GDM prevalence of studies 

using recommended pre-analytical plasma glucose methodologies have reported 

prevalence rates profoundly higher than those seen in HAPO centres.

Although HAPO’s pre-analytical plasma glucose methodology for OGTT was not 

disclosed, several observations of the HAPO published methodology imply that they 

likely did not use currently recommended pre-analytical plasma glucose methods.

First, HAPO did disclose the pre-analytical method for plasma glucose of neonatal 

cord blood, and it did not meet current recommended pre-analytical plasma glucose 

guidelines. HAPO specified that neonatal cord plasma glucose samples were to be 

collected in an ice-water slurry and processed within 60 min; current 

recommendations are that specimens should be processed within 30 min. Moreover, 

an audit of HAPO data showed that > 50% of HAPO’s neonatal cord plasma glucose 

samples in the early years were processed after than the specified time [10].

Second, pre-analytical plasma glucose OGTT methodology was devolved to local 

field centres to encourage enrolment [10]. OGTT plasma glucose samples were less 

likely to have met strict pre-analytical guidelines than neonatal plasma glucose 

samples, because collection of samples was less likely to be in tertiary hospitals with 

co-located laboratories. OGTT are typically performed in community-based collection 

centres. These factors would impair specimen turnaround time.A
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Third, HAPO’s participant recruitment occurred between 2002 and 2005 [10], the 

contemporary guidelines [16] for pre-analytical plasma glucose methodology stated 

that sodium fluoride tubes (traditional) were acceptable if separation from cells was 

not possible within 60 min; there was no suggestion of ice-water slurry. It was only 

from 2011 that new current recommendations for plasma glucose handling were 

announced [8].

The HAPO authors noted that neonatal cord plasma glucose samples were susceptible 

to glycolysis due to high haemoglobin concentrations [10], which may be why they 

specified pre-analytical plasma glucose methodology for this measurand and not for 

OGTT.

Of note, two recommended pre-analytical plasma glucose methodologies produce 

slightly different reported plasma glucose levels. A study comparing recommended 

methods (lyophilized citrate-buffered tube vs. ice-slurry tubes processed within 

30 min) showed a positive bias (0.2 mmol/l) for citrate-buffered tubes. The difference 

in plasma glucose levels was attributed to the increased effectiveness of citrate-

buffered tubes in preventing glycolysis [17].

Tubes for plasma glucose that contain citrate buffer are available commercially in two 

main forms: liquid diluent or lyophilized. Citrate-buffered tubes using a liquid diluent 

are affected by tube fill volume. Tubes that are underfilled will report lower plasma 

glucose levels due to dilution effects [18].

A strength of our study includes a one-step universal GDM screening, 78% of the 

population were screened, ensuring a representative sample. Our study reflects a real-

world practice with extramural pathology providers. Another strength of the study 

was the addition of LGA outcomes for FPG, 1- and 2-h plasma glucose levels. This is 

the first study to replicate the predictive value of HAPO thresholds towards clinical 

outcomes at all OGTT time points.

Our study has limitations. Having been undertaken in a real-world setting, the OGTT 

sampling was not standardized for timings between sample collection, separation and 

analysis. As a retrospective cohort study, the sample processing times were unknown. 

However, even if we were to assume maximal glycolysis of all samples, we would 

still expect differential LGA outcomes for FPG vs. both 1- and 2-h samples if HAPO 

used recommended pre-analytical plasma glucose methodology because maximal 

glycolysis would minimally re-categorize 1- and 2-h samples owing to the wide range 

of glucose levels for 1- and 2-h HAPO glucose categories.A
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There were three pathology providers with different analytical methods for plasma 

glucose. Analytical methodologies for determining plasma glucose, in contrast to pre-

analytical handling, are well standardized and the analytical method of glucose 

measurement should not influence plasma glucose results [8].

LGA frequencies were determined by age-standardized charts and not adjusted for 

ethnicity. This is compared with HAPO, which determined LGA by using quantile 

regression analyses for eight newborn ethnic groups further adjusted for age, parity 

and field centre. By not using ethnic-specific analyses, we may have underestimated 

rates of LGA but as our cohort was 91% Caucasian this may have had a marginal 

impact.

We do not think that a 78% screening rate would significantly affect comparisons 

with published GDM prevalence studies. GDM prevalence studies were based on 

women with OGTT and were not inclusive of the total unscreened population.

The clinical implications of this study may be profound, centres using the current 

recommended pre-analytical plasma glucose handling are likely to grossly 

overestimate GDM prevalence using WHO/IADPSG GDM diagnostic criteria. A 2.5–

3-fold increase in GDM prevalence has significant resource utilization implications. 

IADPSG/WHO GDM diagnostic criteria had already been criticized for raising GDM 

prevalence with the consequent increased service delivery demands with uncertain 

benefits [19].

GDM prevalence in published studies may already have been affected by variations in 

pre-analytical plasma glucose methodology. A study by Egan et al. [20] investigating 

the epidemiology of GDM among obese (BMI ≥ 29) pregnant women in Europe (11 

sites in nine countries) found a GDM prevalence ranging from 24% to 25% in the UK 

and Ireland respectively, to 43% in Belgium, and 52% in Denmark. OGTT pre-

analytical methodologies were not disclosed, but centres with lower reported GDM 

prevalence were likely using traditional pre-analytical plasma glucose methods as 

demonstrated in an Irish laboratory survey [21]. The centre with the highest reported 

prevalence, Denmark, is now known to use recommended citrate-buffered tubes. The 

substantial differences in GDM prevalence among obese European women could be 

explained by variations in pre-analytical plasma glucose methodologies.

Treatment targets may need to be reappraised in some centres if it is accepted that 

HAPO did not use recommended pre-analytical plasma glucose methodology. ADIPS 

published suggested treatment targets in 2014 based on extrapolated FPG data from A
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HAPO [4]. The ADIPS suggested treatment target for fasting capillary glucose levels 

is ≤ 5.0 mmol/l [4]. They also cited an FPG reference intervals study in a low-risk 

population from the 1990s, which most likely used traditional pre-analytical plasma 

glucose methodology for their OGTT due to the known customary Australian 

laboratory practises of that era [21].

Using HAPO data to inform fasting glucose treatment targets, without adjustments for 

the effects of glycolysis, will likely increase the proportion of women with GDM 

treated with medications because the majority of women diagnosed with GDM using 

the IADPSG/WHO criteria are based on elevated FPG alone [15].

Future GDM interventional studies using recommended pre-analytical plasma glucose 

methods, may recruit women with lower rates of maternal and fetal outcomes than 

expected from the HAPO study, thus attenuating any treatment benefits. It is 

important that pre-analytical plasma glucose methods are disclosed in any future 

studies.

<H1>Conclusion

We challenge the consensus that the recommended pre-analytical plasma glucose 

methodologies are optimal for the accurate diagnosis of GDM. The consensus 

assumes the HAPO study used current recommended pre-analytical plasma glucose 

methods. Our data using traditional (sodium fluoride tubes batched at roomed 

temperature) pre-analytical plasma glucose methodology is consistent with HAPO in 

LGA outcomes and GDM prevalence.

Recommended pre-analytical plasma glucose methodologies are optimal for 

minimizing glycolysis. However, we suggest that GDM diagnostic thresholds were 

not likely established using the current recommended pre-analytical plasma glucose 

methods. Because small differences in FPG values profoundly affect GDM 

prevalence, we suggest those centres using recommended pre-analytical plasma 

glucose methods may need to reappraise their diagnostic thresholds.
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FIGURE 1 Study participants. BHS, Ballarat Health Services; OGTT, oral glucose tolerance test; 

IADPSG, International Association of the Diabetes and Pregnancy Study Groups/World Health 

Organization; GDM, gestational diabetes mellitus.

FIGURE 2 Frequency of large for gestational age (LGA: birth weight > 90th percentile for gestational 

age) across HAPO glucose categories, defined as follows, fasting plasma glucose: category 1, 

< 4.2 mmol/l; category 2, 4.2 to 4.4 mmol/l; category 3, 4.5 to 4.7 mmol/l; category 4, 4.8 to 

4.9 mmol/l. 1-h plasma glucose: category 1, ≤ 5.8 mmol/l; category 2, 5.9 to 7.3 mmol/l; category 3, 

7.4 to 8.6 mmol/l; category 4, 8.7 to 9.5 mmol/l. 2-h plasma glucose: category 1, ≤ 5.0 mmol/l; 

category 2, 5.1 to 6.0 mmol/l; category 3, 6.1 to 6.9 mmol/l; and category 4, 7.0 to 7.7 mmol/l.

<H1>Supporting Information

Additional Supporting Information is available in the online version of this article:

Appendix S1. HAPO glucose categories for OGTT.
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Table 1 Studies comparing recommended and traditional pre-analytical plasma glucose methodologies 

 

Study 

centre 

Pre-analytical 

method 

n Mean 

FPG 

(mmol/l) 

1-h 

(mmol/l) 

2-h 

(mmol/l) 

Daly et al. 

[9] 

NaF/Kox 

traditional 

155 4.5 7.4 5.5 

Daly et al. 

[9] 

Sodium 

fluoride/ice-water 

slurry* 

155 5.0 7.8 5.7 

Carey et al. 

[11] 

NaF/Kox 

traditional 

15 4.4 7.4 6.5 

Carey et al. 

[11] 

Lyophilized citrate 

buffer* 

15 4.9 8.0 6.9 

*Recommended plasma glucose pre-analytical methodologies. 

FPG, fasting plasma glucose. 

 

 

Table 2 Population characteristics of study participants with OGTT (n = 1178) 

 Mean (SD) 

Age (years) 29.1 (5.4) 

BMI (kg/m2) 27.7 (7.0) 

Birthweight (g) 3376 (502) 

Gravida 2.6 (2.3) 

Parity 2.0 (1.1) 

Gestational age at delivery 

(weeks) 

38.8 (1.5) 

Ethnicity (%) 

Caucasian 91 

South Asian 3 

East/South-East Asian 2 

Other 3 

OGTT, oral glucose tolerance test. 

 

 

Table 3 Large for gestational age outcomes and plasma glucose levels among gestational diabetes 

mellitus prevalence studies categorized by pre-analytical plasma glucose methods 
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Study 

centre 

Stud

y 

type 

Pre-analytical 

method 

GDM 

(%) 

HAPO 

category 

(FPG) 

where 

10% LGA 

is 

exceeded

¶ 

Mean (mmol/l) 

Per cent of all 

women with 

individual 

glucose measures 

at or above 

threshold 

FPG 1-h 2-h FP

G 

1-h 2-h 

HAPO 

overall 

[15] 

n = 23 957 

PO NA 17.8 

(9.3–

25.5)

* 

4 4.5 

(4.3

–

4.7)

† 

7.4 

(6.6

–

8.2)

† 

6.2 

(5.5

–

6.7)

† 

9.8 9.7 6.7 

Newcastle

, Australia 

HAPO 

[15] 

n = 668 

PO NA 15.3 NA NA NA 9.7 7.2 5.7 

Brisbane, 

Australia 

HAPO 

[15] 

n = 1444 

PO NA 12.4 NA NA NA 6.2 5.9 4.8 

Dublin, 

Ireland [9] 

n = 155 

PO Traditional 

NaF/Kox 

14.2 NA 4.5 7.4 5.5 6.5 11.

0 

2.6 

Ballarat, 

Australia 

n = 1178 

RO Traditional 

NaF/Kox  

13.5 4 4.3 7.0 5.8 7.9 5.9 5.0 

Dublin, 

Ireland [9] 

n = 155 

PO Recommende

d 

Ice-water 

38.1 NA 5.0 7.8 5.7 32.9 13.

3 

2.6 

Ballarat, 

Australia 

n = 1178 

M Recommende

d 

Citrate-

buffered 

projected 

39.2 7 4.9 7.5 6.2 33.3 12.

2 

7.9 
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Odense, 

Denmark 

[14] 

n = 1516 

PO Recommende

d 

Citrate 

buffered§ 

40.1 

(FPG 

only) 

7 5.0 NA NA 40.1 13‡ 10

‡ 

PO, prospective observational; RO, retrospective observational; M, modelling; GDM, gestational 

diabetes mellitus; FPG, fasting plasma glucose; NA, not available; NaF, sodium fluoride; Kox, 

potassium oxalate; LGA, large for gestational age (birthweight > 90th percentile for gestational age). 

* Range between HAPO centres. 

† Range of HAPO centre means [1]. 

‡ Selected population n = 630 of 1516 women with GDM risk factors present. 

§Pre-analytical method confirmed after personal correspondence with study authors. 

¶ See Appendix S1 for definitions of HAPO glucose categories.  

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



  

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

                                                                                                    

                                                                              

 

 

 

 

 

 

Figure 1.   
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