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Original Article

Small variations in fasting blood glucose have significant effects 
in diagnosis of gestational diabetes mellitus
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Background: Gestational diabetes mellitus (GDM) is defined as any degree of glucose intolerance 
with onset during pregnancy. The correspondence between GDM cases ascertained in the first trimester  
(<12 weeks) using fasting blood glucose (FG) levels (FG >5.1 mmol/L) and third trimester (24–28 weeks) 
using Hyperglycemia Adverse Pregnancy Outcome (HAPO) study guidelines is not perfect and vary 
according to the cutoffs used. This retrospective observational study analyzed the variation in the prevalence 
of GDM for different cutoffs of FG in the first and third trimester. 
Methods: We analyzed registers of FG during early (<12 weeks; n=38,489) and late (24–28 weeks; n=60,432) 
stages of gestation. The estimated prevalence of GDM was calculated for both periods by selecting women 
with FG values between 5.0 to 5.3 mmol/L (90 to 95 mg/dL, HAPO study, odds ratio 1.5 to 2.0). The 
dispersion of the recommended cut-off by HAPO (OR 1.75) to GDM diagnosis, 5.1 mmol/L (92 mg/dL) was 
calculated based on the analytical (CVa 2%), biological (CVi 5.0%), and reference change value (RCV).
Results: For early and late stages of pregnancies, the estimated GDM frequencies were 13.4% to 5.6% and 
14.7% to 10.6%, respectively, with the FG cut-off varying from 5.0 to 5.3 mmol/L. The estimated variations 
of 5.1 mmol/L with (CVa 2% + CVi 5%), were 4.8 to 5.4 mmol/L. RCV, applied to a 5.1 mmol/L decision 
point showed a variation of 4.3 to 5.9 mmol/L. The 0.055 mmol/L (1 mg/dL) variation in fasting glycemia 
for the cut-off criterion of 5.1 mmol/L resulted in variations for estimated GDM of about 7% (+7% to −6%) 
of cases in late stages and about 15% (+19% to −15%) in the initial stages.
Conclusions: Fasting glycemia is linked to the diagnosis of GDM and presents a wide variation, mostly 
derived from intra-individual biological variability (CVi). Small variations of FG cut-off from an initial value 
(5.1 mmol/L) change the prevalence of GDM more expressively in early stages of pregnancy.
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Introduction

Gestational diabetes mellitus (GDM) is the most common 
complication associated with pregnancy (1). This temporary 
condition may appear during the pregnancy and disappear 
after the delivery (2). The diagnosis of GDM depends 
upon fasting blood glucose (FG) levels and an oral glucose 
tolerance test (OGTT) (3,4). 

The Hyperglycemia Adverse Pregnancy Outcome 
(HAPO) study was the first to derive GDM diagnosis cutoff 
values for FG and OGTT at 24 and 35 weeks of gestation 
based on the risk of developing perinatal complications (5),  
such as  macrosomia,  cesarean del ivery,  neonatal 
hypoglycemia, hyperinsulinemia (C-peptide in the cord). 
Table 1 shows the FG and OGTT cutoffs for diagnosing 
GDM for different values of the odds ratio (OR =1.5, 
1.75, or 2.0) of developing perinatal complications (7,8). 
The conclusions of the HAPO study were endorsed by 
the International Association of Diabetes in Pregnancy 
Study Groups (IADPSG) (6) and different worldwide 
guidelines for GDM, including the American Diabetes 
Association (ADA) and the Brazilian Diabetes Society (SBD) 
(3,4) implement the HAPO study recommendations for 
diagnosing GDM at the third trimester.

In contrast, there is not a consensus regarding the 
universal screening of GDM at the beginning of pregnancy 
(<12 weeks). Positions for and against screening are 
supported by different studies (9,10). GDM cases ascertained 
in the first trimester of pregnancy using the cut-off on FG 
≥5.1 mmol/L proposed by the IADPSG Panel do not have a 
perfect concordance with GDM cases ascertained using FG 
and OGTT measured at the gestational window between 
24–28 weeks (11). Nevertheless, the risks to pregnant women 
and the fetus, identified by screening with fasting glucose 
at the beginning of pregnancy are relevant. Consequently, 
societies such as the Brazilian Diabetes Society (SBD), 
among others, do recommend this screening (4). The SBD 
suggests the isolated use of fasting glucose for the diagnosis 
of GDM in situations where financial and technical 
feasibility make the recommendations for diagnosing GDM 
in its entirety impossible.

In this study, we evaluated sources of variation for the 
diagnostic criteria of GDM with FG, including the effect 

resulting from the variation of the prevalence of GDM with 
changes of a few milligrams from the recommended the 
cut-off criterion (5.1 mmol/L). 

We present the following article in accordance with 
the MDAR reporting checklist (available at https://jlpm.
amegroups.com/article/view/10.21037/jlpm-21-57/rc).

Methods

Sample

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by The Federal University of Parana’s Ethics 
Committee (CAAE: 39460414.0.0000.0102) and individual 
consent for this retrospective analysis was waived.

De-identified registers of fasting glycemia were obtained 
from the Laboratório Municipal de Curitiba, Parana State, 
South of Brazil. Register data (collected from 2016 to 2020) 
form early pregnancy (n=38,489) were characterized by less 
than 12 weeks of gestation (4–12 weeks of gestation; median 
7 weeks). Data from a second group were captured from a 
fasting glycemia (n=60,432) of the OGTT performed at 24–
28 weeks of gestation. No clinical information was obtained 
for the studied sample population.

For early and late pregnancies groups, data with a plasma 
glycemia less than 2.5 mmol/L (45 mg/dL) or more than  
5.8 mmol/L (105 mg/dL) were removed. The same exclusion 
criteria were applied in the HAPO study (7). GDM criteria 
was established according to ADA (3) and SBD (4).

Glucose measurement

Fasting glycemia was measured in plasma (NaF-EDTA, 
BD vacutainer) with hexokinase UV. The measurement 
was automated in Cobas C502 (Roche Diagnostics) 
with reagent, calibrator, and controls provided by de 
manufacturer. The interassay mean coefficient of analytical 
variation (CVa) was 2.0% (range, 1.5–2.2%).

Analytical and biological variation

The analytical (CVa) and intraindividual (within-subject) 
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biological (CVi) variation, were presented as a coefficient 
of variation [CV = (standard deviation/mean) ×100]. CVa, 
was calculated as mean value from the interassay (day-by-
day) quality control of the “normal” Precinorm U (Roche 
Diagnostics) which had a mean of 5.17 mmol/L (93 mg/dL) 
concentration; for a period superior to 6 months (12). CVi, 
was defined as a random fluctuation of an analyte (glucose) 
around a homeostatic point, as described by Frazer (13). 

The combined effect of CVa and CVi was calculated 
by CVtotal = (CVa2 + CVi2)1/2 according to Braga and 
Panteghini (14).

The reference change values (RCVs), were calculated 
by the equation: RCV =21/2 × Zp × (CVa2+ CVi2)1/2. The 
selected Zp was 1.65 (unidirectional 95% z-score for a 
P<0.05) which resulted in the equation RCV =2.33 × (CVa2 
+ CVi2)1/2, as recommended by Frazer (15). 

Statistical analysis

Descriptive statistics, normality (Kolmogorov-Smirnov), 
frequencies, and 95% confidence intervals (95% CIs) were 
calculated with the software MedCalc Statistical Software 

version 19.1 (MedCalc Software bv, Ostend, Belgium). 
A probability less than 5% (P<0.05) was considered 
significant.

Results 

The characteristics of the study groups are presented in 
Table 2. The register of gestation in early (<12 weeks) and 
late (24–28 weeks) showed a median of 25 years old for 
both groups and a fasting glycemia of 4.5 and 4.3 mmol/L,  
respectively. Age and fasting glycemia were not different 
among the groups (P>0.05; Mann-Whitney U test).

A frequency GDM simulation and comparison of 
according to different cut-off values were showed in Table 3, 
as well as Figures 1,2 for early and late stages of pregnancy. 
The cut-off 5.1 mmol/L, accepted as GDM diagnostic in 
most guidelines are considered a reference. The others 
cutoff selected were in the range observed for different 
Odds Ratio risk for GDM in HAPO study as presented in 
Table 1.

The variability in fasting glycemia imposed by analytical 
and biological variation were presented in Figure 3. The 

Table 1 Threshold values for different odds ratios in the diagnosis of gestational diabetes 

Sample time
Threshold values for glycemia

1.50 [OR] 1.75 [OR] 2.0 [OR]

Fasting plasma glucose 5.0 [90] 5.1 [92] 5.3 [95]

1-hour plasma glucose 9.3 [167] 10.0 [180] 10.6 [191]

2-hour plasma glucose 7.9 [142] 8.5 [153] 9.0 [162]

OR for OGTT, with 75 g glucose load, during the 24–32 weeks of gestation. Thresholds are plasma glucose concentrations in mmol/L  
(mg/dL) for odds ratio for increased neonatal body fat, large for gestational age and cord serum C-peptide more than 90th centile. The 
odds ratio and glycemic cut-off were from HAPO study with diagnostic criteria of only one point above the cut-off. Highlighted the column 
with the OR 1.75, cut-off applied in the most global guidelines. Adapted from Constan et al. (5) and IADPSG (6). OR, odds ratio; OGTT, 
oral glucose tolerance test; HAPO, Hyperglycemia Adverse Pregnancy Outcome study; IADPSG, International Association of Diabetes in 
Pregnancy Study Groups. 

Table 2 Characteristics of the study groups

Parameters
Gestational period (weeks of gestation)

Early (<12 weeks) Late (24–28 weeks)

Sample size, n 38,489 60,432

Age, years 25.0 [21–30] 25.0 [21–30]

Fasting glycemia, mmol/L 4.5 (4.2–4.8) 4.3 (4.1–4.6)

Values were median and interquartile range (25th–75th). Age and fasting glycemia showed non-normal distribution (tested by Kolmogorov-
Smirnov test, P<0.001).
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selected CVa (2.0%) was observed in our internal quality 
control and consistent with the reagent and automation 
system used. The CVi estimation (5.0%) were obtained in 
literature from Ricós et al. (16). The combine CVa + CVi 
calculated as (2.02+5.02)1/2 showed an estimated variation  
of 5.4%.

The RCVs were calculated with the equation as showed 
in Material and Methods, RCV =2.33×(2.02+5.02)1/2, which 
results in an estimated variation of 12.5%.

When the described coefficients of variation and 
RCV were applied at the concentration of 5.1 mmol/L  
(92 mg/dL), the 95% distribution interval (mmol/L) were 
CVa 2% (4.99–5.21); CVi 5% (4.83–5.38); CVa + CVi (4.77–
5.44) and RCV 12.5% (4.27–5.93), as showed in Figure 3.

Discussion

In the study, we have shown the impact of changes of a few 
millimoles (or milligrams) from the recommended cut-
off criterion (5.1 mmol/L) over the prevalence of GDM 
in early and late stages of pregnancy (Figures 1,2) and the 
effect of the analytical and biological variations (Figure 3), 
as well.

We applied cut-off  values for fast ing glycemia 
concentrations between 5.0 to 5.3 mmol/L, in a large sample 
size register of pregnant women, in early (<12 weeks) and 
late (24–28 weeks) stages of pregnancy. The selected cut-off 
values emulated the observed in HAPO study for odds ratio 
1.5 to 2.0 of risk for complications associated with GDM, 
as showed in Table 1. The frequencies of pregnant women 
above the cut-off, represents hypothetically gestational 
diabetes subjects (Figure 1). As expected, the modification 
in the cut-off value for fasting glycemia resulted in a 
change of frequency for GDM. In late stages of pregnancy 
(24–28 weeks), the variation of fasting glycemia from 5.0 
to 5.3 mmol/L resulted in modifications of the respective 

Table 3 Frequencies of gestational diabetes according to different cut-offs with FBG 

No.
FBG cut-off <12 weeks (n=38,489) 24–28 weeks (n=60,432)

mg/dL mmol/L GDM% (95% CI) Ratio GDM% (95% CI) Ratio

1 90 4.99 13.4 (12.5–14.4) 1.41 (+41%) 14.7 (13.9–15.5) 1.16 (+16)

2 91 5.05 11.3 (10.4–12.3) 1.19 (+19) 13.5 (12.8–14.3) 1.07 (+7)

3 92 5.10 9.5 (8.6–10.5) 1.0 (reference) 12.6 (11.8–13.4) 1.0 (reference)

4 93 5.16 8.1 (7.1–9.1) 0.85 (−15) 11.8 (11.1–12.6) 0.94 (−6)

5 94 5.22 6.7 (5.7–7.7) 0.71 (−29) 11.2 (10.4–11.9) 0.88 (−12)

6 95 5.27 5.6 (4.7–6.7) 0.59 (−41) 10.6 (9.9–11.4) 0.84 (−16)

Highlight the concentration of cut-off for GDM in current guidelines 5.1 mmol/L (92 mg/dL) ratio calculation. For <12 weeks of gestation, 
ratio reference 1.0 is 9.50%; ratio = GDM/9.50; percentage (%) compared to reference =100(GDM freq%/9.50%)−100. For 24−28 weeks 
of gestation, ratio 1 is 12.6%; ratio = GDM/12.50; percentage (%) compared to reference =100 (GDM freq%/12.6%)−100. Positive and 
negative percentages were calculate comparing the increased or decreased the frequencies of estimated GDM comparing to 5.1 mmol/L 
frequencies (reference) or 100%. FBG, fasting blood glucose; GDM, gestational diabetes mellitus; 95% CI, 95% confidence interval.
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Figure 1 Simulation of GDM frequencies based in fasting 
glycemia with different cut-off values at two gestational periods. 
The open square symbol indicates fasting glycemia observed 
during OGTT at 24–28 weeks of gestation (n=60,432). The solid 
circle symbol indicates fasting glycemia at early stages of pregnancy 
(<12 weeks of gestation, n=38,489). The trace line (5.1 mmol/L) 
represents the cut-off value for IADPSG-HAPO Study criteria 
for GDM. The 95% confidence interval for the values were in 
Table 3. GDM, gestational diabetes mellitus; OGTT, oral glucose 
tolerance test; IADPSG, International Association of Diabetes and 
Pregnancy Study Groups; HAPO, Hyperglycemia and Adverse 
Pregnancy Outcome.
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Figure 2 Ratio between the fasting glycemia cut-off value of  
5.1 mmol/L with other alternatives cut-off values at early and late 
stages of pregnancy. The open square indicates the fasting glycemia 
observed during OGTT at 24–28 weeks of gestation (n=60,432). 
The solid circle symbol indicates fasting glycemia at early stages 
of pregnancy (<12 weeks of gestation, n=38,489). The trace line 
represents the cut-off value for IADPSG-HAPO Study criteria for 
GDM of 5.1 mmol/L, was considering 1.0 (reference), the base 
for comparison. Positive and negative percentages were calculate 
comparing the increased or decreased the frequencies of estimated 
GDM comparing to 5.1 mmol/L or 100%, as explained in Table 3.  
OGTT, oral glucose tolerance test; IADPSG, International 
Association of Diabetes and Pregnancy Study Groups; HAPO, 
Hyperglycemia and Adverse Pregnancy Outcome; GDM, 
gestational diabetes mellitus.
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Figure 3 Estimated effect on fasting glycemia produce by different 
variation factors on selected cut-off value criteria for GDM 
diagnosis. CVa, is the analytical imprecision interassay; CVi, is 
intraindividual biological variation; Cva + CVi is the combined 
variation of CVa and CVi; RCV, the reference change value, for 
95% (one-tailed). Traced line is 5.1 mmol/L cut-off selected by 
HAPO Study (OR, 1.75) for GDM. GDM, gestational diabetes 
mellitus; HAPO, Hyperglycemia and Adverse Pregnancy Outcome; 
OR, Odds Ratio.

estimated of GDM frequencies: 14.7% to 10.6%, a 
variation of 4.1 percentage points. For the same range of 
fasting glycemia, the estimated GDM frequencies were 
13.4% to 5.6% in early stages of pregnancy, a variation of 7.8 
percentage points. 

A detailed of estimated GDM frequencies according to 
cut-off values (Figure 2), showed that the variation in early 
stages of pregnancy were about 50% higher when compared 
to the late stage. The 0.055 mmol/L (1 mg/dL) variation 
in fasting glycemia in the cut-off criterion of 5.1 mmol/L  
(HAPO criterion) promotes a variation in the estimated 
frequency of GDM in about 7% (+7% to −6%) of late-stage 
cases and about 15% (+19 to −15%) near the beginning of 
pregnancy.

We additionally, evaluated the theoretical effect of 
the analytical and biological variations on the cut-off 
concentration (5.1 mmol/L) for the diagnosis of GDM 
(Figure 3).

The analytical variability recommended for blood 
glucose, in an automated system, has been reported as a CVa 

≤2.2% (17). CVa, represents the magnitude of the glucose 
assay reproduction or daily imprecision. The CVa variation 
reported for automated assays systems were between 1.5% 
to 3.4% (18). In our study, CVa for glycemia was 1.5 to 2.2% 
(mean 2.0%), for a “normal” control serum with a glucose 
concentration of about 5.0 mmol/L.

Considering a CV of 2%, the simple repetition of a 
serum/plasma sample with glucose concentrations between 
5.0 and 5.2 mmol/L are expected with a 95% probability 
for an average cut-off value of 5.1 mmol/L. Therefore, 
repeating a sample that presents criteria for GDM at 
the cut-off limit, presents a chance of about 50% of the 
given patient not being diagnosed (concentrations 5.0 and 
5.05 mmol/L). In addition, the 2% CVa, is reached by 
laboratories with automated systems and effective quality 
control. This pattern may not be followed by laboratories 
with less precise systems, increasing the variability 
substantially.

The influence of analytical performance is more critical 
when diagnostic decisions are based on decision limits such 
as IADPSG-HAPO which are endorsed in several medical 
guidelines (19).

Concerning CVa, a discussion is warranted regarding the 
assumption the optimized pre-analytical condition (20). The 
“glycolytic effect,” the blood cells consumption of glucose, 
might produce a change in glycemia of about 0.55 mmol/L  
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(10 mg/dL) per hour if the sample was not treated with 
antiglycolytic agents, such as sodium fluoride (21).

For the study, we selected a revised intraindividual 
variation coefficient (CVi, 5.0%; 95% CI, 4.1–12.0) for fasting 
glycemia, consolidated by meta-analysis (16). CVi, captures 
the mean glucose variation, which results from factor such 
as growing, gender, hormonal cycles, diet, physical exercises, 
among others as described by Ricós et al. (16). 

Fixing the set point at 5.1 mmol/L and applying a 5% 
CVi, fasting glucose with 95% probability, the resulting 
interval was 4.8 to 5.4 mmol/L, as observed in Figure 3. It is 
expected that a cut-off value of 5.1 mmol/L is appropriate 
for pregnant women with an average CVi of 5%, and a 
fasting glycemia in the range of 4.8 to 5.4 mmol/L. 

Combining the effects of CVa 2% and CVi 5% (CVa 
+ CVi), for FG, with the statistical treatment described 
in materials and methods, it is observed that the variation 
in blood glucose is essentially associated with CVi alone 
(Figure 3). This effect is expected when the CVa/CVi ratio 
is less than 0.5 (13). In the study, the observed ratio was 0.4 
(2%/5%; CVa and CVi), was not optimum, but classified as 
“desirable” or acceptable (22).

The effect of analytical (CVa) and biological (CVi) 
variation on GDM prevalence is important. Agarwal et al. 
(2015) (23), applying the concept of total analytical error 
(TAEL) defined as TAEL =1.65 CVa + Bias (up to glycemia 
9.0 mmol/L; CVa =2% and Bias =1.7%; TAEL =5%), on 
glycemia measurements, showed that GDM prevalence can 
vary 0.5–2.0 times the reported prevalence.

The RCV or critical difference, as presented, is a way 
of identifying change resulting from a second sequential 
dosage of the analyte (fasting glycemia). Applying the Z 
statistic to the biological and analytical variability, it is 
possible to establish with 95% confidence whether the 
second dosage is higher or lower than the first (15,24).

Applying the equation described for RCV (with CVa 2% 
and CVi 5%) to a set point of 5.1 mmol/L, a subsequent 
second FG measurement would pertain to a different 
distribution, to a 95% probability, if it were less than  
4.3 mmol/L or greater than 5.9 mmol/L (Figure 3).

Many criticisms of the use of RCV are described (25-28). 
Among these, two deserve mention. First, RCV estimates 
are consistent if the analysis is for an individual with a CVi 
close to the average (CVi 5% in the study), used in the 
calculation (29). Secondly, the CVi is estimated for healthy 
individuals, which can be significantly modified in the face 
of pathological processes (30). In a study with a small sample 
size, Nigam et al. (31) showed that glycemic variability (GV) 

was higher at 24–36 weeks of gestation for GDM patients 
compared to healthy pregnant and nonpregnant women.

Considering the magnitude of the fasting glycemia 
variation presented, the study reinforces the need to repeat 
the test to confirm the diagnosis, when fasting glycemia in a 
pregnant woman presents concentrations close to the cutoff 
value (5.1 mmol/L).

With the RCV estimate, pregnant women with a blood 
glucose ≥4.4 to 5.05 mmol/L could not be characterized 
as low risk for GDM in screening or diagnosis based in a 
cutoff point of 5.1 mmol/L.

Trujillo et al. (32) analyzed OGTT in a cohort of 5,564 
pregnant women at 20–28 weeks of gestation. These 
authors reported that based on fasting glycemia the 
probability of having GDM was very low (~2%). This was at  
20–28 weeks of gestation with cut-offs bellow 4.4 and  
4.7 mmol/L. These results agree of our theorical analysis, 
which suggest 4.4 mmol/L might be an important decision 
value. Fasting glycemia below 4.4 mmol/L suggested a low 
risk for GDM. At a value above this cut-off, between 4.4 to 
5.05 mmol/L, the test should be repeated.

In addition, blood glucose repetitions should be more 
frequent at the beginning of pregnancy, where small 
variations in glucose concentration, such as 0.055 mmol/L  
(1 mg/dL),  modify the prevalence of GDM more 
significantly, when compared to the fasting glycemia in 
OGTT at 24–28 weeks of gestation.

GV and its relationship with gestational diabetes has 
been intensively investigated with controversial results (33).  
Long-term or gestational studies of GV have shown 
interest as a risk marker for GDM (34,35). In general, it was 
stablished that pregnant women with GDM have higher 
GV compared to normal pregnant women (36).

Wei et al. [2018] (37) suggest that women of childbearing 
age may benefit from early detection of GDM by 
monitoring the pattern of GV, which high GV has been 
associated with increased risk for GDM and large of 
gestational age (LGA) fetuses. 

Our study assesses and magnifies the variability of FG 
during pregnancy, in analytical and biological terms, and 
may contribute to an adequate interpretation of studies 
on blood glucose variability (GV) and diagnosis and 
monitoring of GDM, as well.

As a hypothesis, the rapid hormonal changes (38,39), 
which are established at the beginning of pregnancy, may 
play a relevant role in the greater variability of this assay in 
the period.

This work describes the current diagnosis of GDM. The 
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knowledge of the magnitude of the variation for fasting 
glucose results is essential for the correct interpretation of 
this parameter and in the diagnosis of GDM. Changes in 
GDM frequency impact the workload and cost of the health 
system, medicalization, and stress of affected pregnant 
women (40-42).

In summary, fasting glucose is linked to the diagnosis of 
GDM and presents a wide variation, mostly derived from 
intra-individual biological variability (CVi). The effect 
of the small variation in FG is significantly greater at the 
beginning of pregnancy when compared to diagnosis with 
fasting glycemia in later stages.
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