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BACKGROUND: Gestational diabetes mellitus (GDM) is
associated with adverse pregnancy outcomes, but risk is
reduced with identification and early treatment. Glucose
measurements are affected by preanalytical sample han-
dling, such as temperature of storage, phlebotomy–analy-
sis interval, and use of a glycolysis inhibitor. We evalu-
ated glucose concentrations and the incidence of GDM
after strict implementation of the American Diabetes As-
sociation (ADA) preanalytical guidelines, compared with
usual hospital conditions.

METHODS: Women screened selectively for GDM at
24–32 weeks’ gestation were recruited at their conve-
nience before a 75-g oral glucose tolerance test. Paired
samples were taken: the first sample followed ADA rec-
ommendations and was transferred to the laboratory on
an iced slurry for immediate separation and analysis (re-
search conditions), and the second sample was not placed
on ice and was transferred according to hospital practice
(usual conditions).

RESULTS: Of samples from 155 women, the mean fasting,
1-h, and 2-h results were 90.0 (12.6) mg/dL [5.0 (0.7)
mmol/L], 142.2 (43.2) mg/dL [7.9 (2.4) mmol/L], and
102.6 (32.4) mg/dL [5.7 (1.8) mmol/L], respectively,
under research conditions, and 81 (12.6) mg/dL [4.5
(0.7) mmol/L], 133.2 (41.4) mg/dL [7.4 (2.3) mmol/L],
and 99 (32.4) mg/dL [5.5 (1.8) mmol/L] under usual
conditions (all P � 0.0001). GDM was diagnosed in
38.1% (n � 59) under research conditions and 14.2%
(n � 22) under usual conditions (P � 0.0001). The
phlebotomy–analysis interval for the fasting, 1-h, and
2-h samples was 20 (9), 17 (10), and 17 (9) min under
research conditions and 162 (19), 95 (23), and 32 (19)
min under usual conditions (all P � 0.0001). All cases of
GDM were diagnosed on fasting or 1-h samples; the 2-h
test diagnosed no additional cases.

CONCLUSIONS: Implementation of ADA preanalytical
glucose sample handling recommendations resulted in
higher mean glucose concentrations and 2.7-fold in-
creased detection of GDM compared with usual hospital
practices.
© 2015 American Association for Clinical Chemistry

Gestational diabetes mellitus (GDM)2 is a common
pregnancy complication with potentially serious lifelong
consequences for both mother and baby (1–4). The in-
cidence of GDM varies widely, from 1% to 26% (5, 6 ).
Accurate diagnosis is important, because untreated
GDM is associated with adverse clinical outcomes (7–
10). GDM has also been associated with lifelong risk of
metabolic syndrome for both mother and baby (11, 12 ).

The Hyperglycemia and Adverse Pregnancy Out-
come (HAPO) study of mild hyperglycemia led to the
International Association of Diabetes and Pregnancy
Study Groups (IADPSG) recommending that the
thresholds used to diagnose GDM be made more sensi-
tive (13, 14 ). Revised criteria mean that the diagnosis can
be made on 1 (rather than 2) increased maternal glucose
results, which increases the rate of diagnosis of GDM
(13–16).

The guidelines for laboratory standards in the diag-
nosis of diabetes were revised in 2011 (17 ). The Ameri-
can Diabetes Association (ADA) recommended that
when using fluoride to prevent glycolysis after phlebot-
omy, “one should place the sample tube immediately in
an ice-water slurry, and plasma should be separated from
the cells within 30 min” to minimize glycolysis, and not
within 60 min as previously recommended (17 ).

We recently reported on 2 cohorts of obese women
and compared the strict implementation of ADA-
recommended preanalytical glucose sample management
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with usual hospital practice (18 ). In 24 women who had
a fasting glucose result in early pregnancy, the diagnosis
of GDM could be made in 16 (66.7%) if the ADA stan-
dard was implemented compared with 7 (29.2%) if it was
not (P � 0.01) (18 ). In another cohort (n � 24) who had
an oral glucose tolerance test (OGTT) at 24–32 weeks’
gestation, the diagnosis of GDM could be made in 13
(54.2%) if the ADA standard was implemented com-
pared with 4 (16.7%) if it was not (P � 0.001) (18 ).
Because obesity is associated with higher leukocyte
counts, and because glycolysis is affected by leukocyte
count, we further investigated if these findings could be
replicated in all women being screened selectively for
GDM (19, 20 ).

In this study, we assessed the impact of strict imple-
mentation of ADA-recommended preanalytical sample
handling on mean glucose concentrations and the inci-
dence of GDM, compared with paired samples handled
under the usual hospital conditions, in all women being
screened selectively at 24–32 weeks’ gestation.

Methods

We recruited women by convenience when they were
selectively screened on the basis of risk factors at 24–32
weeks’ gestation with a 75-g OGTT (15, 21 ). Body mass
index had been calculated in early pregnancy. Informed
consent was obtained. Exclusion criteria were multiple

pregnancy, age �18 years, or inability to understand
English.

The primary outcome was GDM by IADPSG cri-
teria (13 ). We aimed to include 160 women with
paired samples to determine the effect of sample han-
dling on the incidence of GDM. We used McNemar
test for correlated proportions and paired Student t
test to test for statistical significance, and a P value of
�0.05 was considered statistically significant. The
study was approved by the Hospital Research Ethics
Committee.

Sample handling is shown in Fig. 1. Paired sam-
ples of maternal blood were collected in fluoride
EDTA tubes. Sample handling under research condi-
tions adhered to ADA guidelines (17 ). The samples
were held on an iced slurry, transported to the labora-
tory, and immediately centrifuged and analyzed
(within 30 min of phlebotomy). The samples under
usual conditions were labeled immediately and stored
at room temperature until all 3 samples were collected.
The samples from several women were usually clus-
tered and delivered together to the nearby laboratory.
We documented the timing of all sampling and
analysis.

All samples were analyzed with a hexokinase
method. Assay imprecision was acceptable, with CVs of
2.4% at 34.2 mg/dL (1.9 mmol/L), 2.1% at 100.8
mg/dL (5.6 mmol/L), and 1.8% at 243.0 mg/dL (13.5

Fig. 1. Glucose sample handling: research vs usual conditions.
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mmol/L). All sample results were reported as usual to the
woman’s obstetric team.

Results

Of the 155 women studied, 40.0% were nulliparous, and
the mean gestation at OGTT was 27.7 (3.4) weeks (range
24–32 weeks). Table 1 shows maternal glucose concen-
trations under both research and usual conditions. The
diagnosis of GDM was made in 59 (38.1%) cases when
preanalytical handling followed ADA standards com-
pared with only 22 (14.2%) cases under usual conditions
(P � 0.001). Research conditions detected 2.7 times
more cases of GDM than usual conditions. All cases of
GDM under research conditions were detected by the
fasting and 1-h tests; the 2-h test contributed no addi-
tional cases (Fig. 2).

Table 2 compares the incidence of GDM between
research and usual conditions. The mean phlebotomy–

analysis interval was greater under usual conditions than
under research conditions (Table 3). We constructed
Bland–Altman plots for each test (see Supplemental Figs.
1–3, which accompany the online version of this article at
http://www.clinchem.org/content/vol62/issue2) (22 ).
Fig. 3 illustrates an XY scatterplot with regression line of
absolute fasting glucose measurements under both con-
ditions. All the fasting samples under usual conditions
were below the internationally accepted CV of 2.3%.

Discussion

In this prospective observational study of women being
screened with an OGTT, we found that the prevalence of
GDM was 2.7 times higher if the ADA standards for
preanalytic prevention of glycolysis in the maternal sam-
ples were strictly implemented compared with the usual
hospital conditions. This is consistent with the findings
we recently reported in a smaller cohort of obese women
being screened for GDM (18 ). These findings raise the
possibility that suboptimal implementation of measures
to prevent glycolysis is causing GDM to be underdiag-
nosed, with potentially serious clinical consequences.
Variations in preanalytical standards may also contribute
to the wide variations reported in the prevalence of GDM
and the poor reproducibility of OGTTs (5, 6, 23, 24 ).

Another important finding is that when the ADA
standards were strictly implemented, the diagnosis of

Table 1. Comparison of mean glucose concentrations
between research and usual conditions for each test.a

Glucose
Research

conditions
Usual

conditions Pb

Fasting <0.0001

mg/dL 90.0 (12.6) 81.0 (12.6)

mmol/L 5.0 (0.7) 4.5 (0.7)

1-h <0.0001

mg/dL 140.4 (43.2) 133.2 (41.4)

mmol/L 7.8 (2.4) 7.4 (2.3)

2-h <0.0001

mg/dL 102.6 (32.4) 99.0 (32.4)

mmol/L 5.7 (1.8) 5.5 (1.8)

a Data are mean (SD).
b Paired Student t test.

Fig. 2. Venn diagram illustrating number of cases of GDM
detected with each of the fasting, 1-h, and 2-h tests of the
OGTT.

Table 2. Comparison of the incidence of GDM between
research and usual conditions for each test.a

Glucose
Research

conditions
Usual

conditions Pb

Fasting 51 (32.9) 10 (6.5) <0.0001

1-h 20 (13.3) 17 (11.0) NS

2-h 4 (2.6) 4 (2.6) NS

Totalc 59 (38.1) 22 (14.2) <0.0001

a Data are n (%). NS, not significant.
b McNemar test of correlated proportions.
c Some overlap of cases (see Fig. 2).

Table 3. Phlebotomy–analysis interval (min).

Glucose
Research

conditions
Usual

conditions Pa

Fasting 20 (9) 162 (19) <0.0001

1-h 17 (10) 95 (23) <0.0001

2-h 17 (9) 32 (19) <0.0001

a Paired Student t test.
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GDM on the basis of the IADPSG diagnostic criteria
could be made on the result of the fasting sample in
86.4% of cases, and on the basis of the 1-h sample alone
in the remaining 13.6% of cases. The 2-h sample result
was not required for the diagnosis of GDM. If confirmed
in other studies, this observation has implications for the
need for the 2-h OGTT.

A strength of this study is that because of the size of
the cohort and the setting, adherence to ADA standards
to prevent glycolysis was fully implemented under close
supervision. The effect of glycolysis on the measurement
of plasma glucose is well established, and the importance
of preanalytical sample management is known to labora-
torians (17, 25 ). Previous reports on glycolysis were usu-
ally in small studies of nonpregnant individuals, and the
primary outcome was glucose concentrations (25–28).
There is a paucity of research examining the impact of
glycolysis on the diagnosis of GDM. A Danish study of
60 women compared glucose concentrations and preva-
lence of GDM under stricter conditions (although they
did not use an iced slurry) and routine conditions in early
pregnancy (29 ). They found that 13 cases of GDM and 2
cases of overt diabetes mellitus were missed under routine
conditions. The recent revisions in the IADPSG diagnos-
tic criteria also mean that the OGTT has become more
sensitive, and therefore the impact of glycolysis on the
fasting sample is now more critical.

The implementation of ADA standards was an im-
portant component of the HAPO study but was chal-
lenging given the international dispersion of centers. All
the measurements were undertaken in a central labora-
tory. Unlike our study, however, it may not have been
feasible to bring the same level of close supervision to the
preanalytical handling, given the large numbers studied
(30 ).

Conclusions

We believe that the revised recommendations to imple-
ment standards to prevent glycolysis are not widely ap-
preciated by clinicians providing obstetric care world-
wide. Our findings also suggest that efficiencies may be
achieved by omitting the 2-h OGTT sample, which not
only makes the test less time-consuming for the patient,
but may also potentially shorten the phlebotomy–analy-
sis interval for the fasting sample. Strict implementation
of ADA recommendations on preanalytical handling
may further increase the number of women being diag-
nosed with GDM, which may mean that the existing
knowledge on the relationship between GDM and preg-
nancy outcomes may need to be revisited.
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