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Background: Cut-off points determine the threshold of health status in a patient. For instance, in
pregnancy, cut off points of oral glucose tolerance test (OGTT) distinguishes gestational diabetes mellitus
(GDM) pregnancy from healthy condition. Currently, OGTT cut-off points used in the Philippines was
standardized using a different reference population, which may impact disease diagnosis. This study aims
to establish the cut-off points of 75-grams (g) OGTT for the diagnosis of GDM among Filipino pregnant
women.

Methods: A total of 469 healthy pregnant women, >18 years old, no history of GDM and comorbidities
were included in the reference sample group. As the standard test for GDM diagnosis, 75-g OGTT was
performed. Unpaired #-test was performed to explore age of gestation (AOG) as a source of variation.
Histogram was prepared to assess data distribution. Cut-off points were derived from the area under the
receiver operating characteristics (ROC) in comparison with the International Association of Diabetes and
Pregnancy Study Group (IADPSG) criteria. Diagnostic efficiencies of the identified cut-off points were
analyzed.

Results: AOG was not a significant source of variation in the establishment of cut-off points for 75-g
OGTT. We derived three sets of cut-off points (in mmol/L) from area under ROC: (") fasting blood
sugar (FBS) >4.8, 1° »7.5, 2° >6.6 mmol/L; (") FBS >4.9, 1° 6.6, 2° 5.8 mmol/L; and (°) FBS >4.9,
1°>7.2, 2° >6.4 mmol/L. The use of one threshold value of cut-off point® gave the best diagnostic efficiencies
of 100% sensitivity and negative predictive value (NPV), 87.2-90.2% specificities, and 78.3-82.5% positive
predictive values (PPVs).

Conclusions: With 100% sensitivity and NPV, and more than 75% specificity and PPV, the use of one
threshold value of the recommended cut-off points of 75-g OGTT, that is, FBS >4.8, 1°>7.5, 2° >6.6 mmol/L,

will improve the diagnosis of GDM among Filipino pregnant women.
Keywords: Cut-off point; medical decision limits; gestational diabetes mellitus (GDM); diagnosis; threshold limit

values

Received: 28 March 2022; Accepted: 05 August 2022; Published: 30 October 2022.
doi: 10.21037/jlpm-22-26
View this article at: https://dx.doi.org/10.21037/jlpm-22-26

© Journal of Laboratory and Precision Medicine. All rights reserved. 7 Lab Precis Med 2022;7:31 | https://dx.doi.org/10.21037/jlpm-22-26


https://crossmark.crossref.org/dialog/?doi=10.21037/jlpm-22-26

Page 2 of 13

Introduction

Laboratory testing is a huge contributory component
in clinical decision making. It is used in the diagnosis of
diseases, therapeutic monitoring, staging of disease, and
even disease risk prediction. A critical phase in laboratory
testing is the use medical decision points. Medical decision
point was first put into theory in 1960 by Schneider in his
paper entitled, “Some thoughts on normal, or standard,
values in clinical medicine” (1). Although the theory has
been set forth 50 years ago, its application is still not fully
complete today because of the following challenges: (I) lack
of standardization of analytical methods; (II) population and
racial based variations in laboratory values; (III) difficulty
in establishing cut-off points; (IV) lack of reference
population for establishing cut-off points; (V) high time
and cost requirement, and among others. Because of these
limitations, the practical usefulness of cut-off points is more
often lower than its actual theoretical power (2).

Establishing cut-off points or medical decision limits
is a demanding activity, but it is necessary to ensure that
clinical decision making is reliable. A good set of cut-
off points must consider the population serviced by the
laboratory, that is, the reference population used to
establish the limits should have similar characteristics with
that of the patients catered by the laboratory. A previous
study has mentioned cut-off points are not universal, and
that it should be identified per region and per condition (3).
As cut-off points are greatly affected by various factors,
it is essential to establish a cut-off point that is suitable
for a specific population of individuals. Well established
cut-off points for almost all the analytes measured in the
laboratory are available. However, verification in terms
of its applicability on the population serviced by the
laboratory must be performed. Without verification, its
use will lead to inaccurate interpretation of results, and,
consequently, erroneous clinical decisions.

One good and common example of inaccurate
interpretation of results due to unverified cut-off points
is in the interpretation of the diagnostic tool utilized for
gestational diabetes mellitus (GDM) among the Filipino
pregnant women. GDM is a form of hyperglycemia
recognized on the onset of pregnancy and its prevalence
is increasing worldwide (4). Although it is a transient
condition, it causes short- and long-term complications both
to the mother and the baby. GDM is now a major health
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problem affecting maternal and fetal health worldwide. The
GDM pregnancy condition is diagnosed using 75-grams (g)
oral glucose tolerance test (OGTT) (5). Aside from 75-g
OGTT, there are other laboratory tests available and
recommended to assess hyperglycemia in pregnancy such
as fasting blood glucose (FBG), glycosylated hemoglobin
(HbAlc), oral glucose challenge test, and OGTT using
different glucose loads (6,7), but the use of OGTT is the
gold standard in GDM diagnosis.

The results of OGTT are interpreted by following
a certain criteria or cut-off points. Unfortunately, there
are numerous recommended criteria or cut-off points
for OGTT interpretation, namely: the World Health
Organization (WHO) criteria, American Diabetes
Association (ADA) criteria, International Association of
Diabetes and Pregnancy Study Group (IADPSG) criteria,
American College of Obstetrics and Gynecologists (ACOG),
Carpenter and Coustan, National Diabetes Data Group
(NDDG), Philippine Obstetrical and Gynecological Society
(POGS) to name a few (8-10). Table 1 summarizes the most
common diagnostic criteria utilized in interpreting 75-g
OGTT in the Philippines. With the numerous available
diagnostic criteria, physicians are confused on which criteria
to follow in diagnosing GDM, thus causing misdiagnosis (11).
On one hand, the use of a stricter diagnostic criteria such
as that of ACOG and ADA criteria, requiring to exceed
two threshold values to be diagnosed as GDM, may cause a
lower prevalence of GDM but may result to un-diagnosis of
the disease that should be treated. On the other hand, the
use of POGS criteria, which is more lenient as it requires
to exceed one out of two threshold values only, may cause
higher GDM prevalence but may over-diagnose pregnant
women, thereby giving psychological and financial burden
to the mothers (11-13).

In the Philippines, since we are following various cut-
off points provided by foreign organizations, these cut-
off points were not verified by its reference population.
The criteria utilized to interpret 75-g OGTT vary and
depend on physicians’ preference. Increasing or decreasing
the threshold of the diagnostic criteria has an impact to
pregnant women, physically and financially. Thus, cut-off
points for 75-g OGTT must be verified and established
based on Filipino reference population to improve GDM
diagnosis. We present the following article in accordance
with the STARD reporting checklist (available at https://
jlpm.amegroups.com/article/view/10.21037/jlpm-22-26/rc).
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Table 1 Common diagnostic criteria utilized in interpreting 75-g

OGTT in the Philippines

Glucose in mmol/L WHO* IADPSG* ADA*  POGS*
FBS 7.0 51 5.28 >5.1
1* hour glucose - 10.0 10.0

2" hour glucose 11.1 8.5 8.61 >7.8

These were the old WHO and ADA criteria. Recently, WHO
and ADA already recommended the use of IADPSG criteria
(8,4). *, one threshold should be met to diagnose GDM; **, two
thresholds should be met to diagnose GDM. g, grams; OGTT,
oral glucose tolerance test; WHO, World Health Organization;
IADPSG, The International Association of Diabetes and
Pregnancy Study Groups; ADA, American Diabetes Association;
POGS, Philippine Obstetrical and Gynecological Society; FBS,
fasting blood sugar; GDM, gestational diabetes mellitus.

Total participants =918

Excluded =449
e GDM* =217
e Withdrawn from the study =76
* No OGTT =156

Y

Met inclusion criteria =469

Figure 1 Study flowchart of participant screening. A total of
918 participants were recruited but 449 were excluded due to
the following identified reasons [(I) participants have GDM; (IT)
participants have withdrawn from the study; or (III) participants
refused to undergo OGTT]. This study was able to include
469 healthy participants in the reference sample group for the
establishment of OGTT diagnostic criteria. *, participants who
were diagnosed to have GDM were excluded in the reference
sample group but were included in the assessment of diagnostic
efficiency of the proposed cut-off points. GDM, gestational
diabetes mellitus; OGTT, oral glucose tolerance test.

Methods
Study design

This is a population-based prospective study of GDM
in Metro Manila, Philippines done to establish medical
decision limits or cut-off points of OGT'T for the diagnosis
of GDM. A total of 918 pregnant women were gathered
and provided with comprehensive questionnaires upon
consent to participate in the study. Demographic and
biochemical profiling were performed to identify and select
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accepted reference sample group. Standard information
such as age, height, weight, and blood pressure (BP) were
obtained from the participant. Inclusion of participants
was limited to healthy pregnant adults aged 18 to 45 years
old as identified by their attending physicians. Individuals
with any form of diabetes, with inflammatory conditions,
and metabolic diseases such as polycystic ovarian syndrome
and obesity were excluded in the reference sample group.
From these selection criteria, out of 918 potential subjects,
we only included 469 pregnant women in the reference
sample group in order to establish cut-off points for 75-g
OGTT for the diagnosis of GDM. The number of accepted
and excluded participants as reference sample group are
illustrated in the study flowchart shown in Figure 1. To
remove potential variation due to age of gestation (AOG)
when OGTT was performed, reference sample group
was categorized into two: early OGTT group, those who
had their OGTT taken before 28 weeks of gestation, and
late OGTT group, those who had their OGTT taken
beyond 28 weeks of gestation. No further categorization
of subjects was done based on gender and age because we
only recruited female, pregnant, and child-bearing age
population.

Prior to recruitment, protocol of this study was reviewed
and approved by the University of Santo Tomas Graduate
School Ethics Review Committee with Protocol Number
E-2016-02-R3. Study was implemented from 2018 to 2020,
with ethics approval being renewed yearly. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013). Informed consent was taken from all the
patients.

Data and resource availability

The datasets generated and/or analyzed during the current
study are available from the corresponding author upon
reasonable request. Similarly, the resource generated during
and/or analyzed during the current study is also available
from the corresponding author upon reasonable request.

Blood collection, bandling and testing

Blood samples were collected by registered medical
technologists trained to perform phlebotomy. For analytes
due for serum testing, samples were placed into serum
separator tubes. For analytes due for whole blood testing,
samples were placed in tubes with dipotassium ethylene
diamine tetra acetic acid (K,EDTA). Blood in serum
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separator tube was allowed to clot for 15 minutes prior to
spinning at 2,500 RPM for 15 minutes in a non-refrigerated
centrifuge machine (Beckman Coulter, Allegra X-30,
Brea, California, USA). Separated serum samples were
immediately processed to measure required analytes.

Testing: glucose, lipid profile, glycosylated bemoglobin, and
insulin

Measurement of glucose, total cholesterol, triglyceride,
and high density lipoprotein utilized colorimetric
enzymatic assay following manufacturer’s protocol (Human
Liquicolor® reagents, Wiesbaden, Germany). Glycosylated
hemoglobin was measured using Nycocard"™ HbAlc.
While for insulin, enzyme linked immunosorbent assay
was performed (RayBio® Human Insulin kit, Georgia,
USA). Homeostatic model assessment for insulin resistance
(HOMA-IR) was computed following the formula: fasting
blood sugar (FBS) (mmol/L) x insulin (ulU/mL)/22.5.

OGTT

The standard 75-gram OGT'T procedure was followed in
this study. Briefly, consented participants were instructed
to fast overnight prior to the day of blood collection. Upon
arrival at the recruitment area at the hospital, fasting blood
specimen was collected; then, 75-g glucose load was given.
First hour and second hour blood specimens were collected
one hour and two hours after the start of drinking the

glucose load (14).

Definition of criteria

Diagnosis of GDM in the Philippines varies in terms of
laboratory tests utilized and on the cut-off points used to
interpret the laboratory results. Four criteria are being
utilized in the Philippines to interpret 75-g OGT'T, namely;
WHO, IADPSG, ADA, and POGS criteria (13).

In this study, we utilized the IADPSG criteria to analyze
and interpret OGTT results of the recruited participants and
select the reference sample group (FBS, 5.1 mmol/L; 1" hour
glucose, 10.0 mmol/L; 2" hour glucose, 8.5 mmol/L).
TADPSG criteria is being recommended by WHO for the
diagnosis of GDM. Only those with normal OGT'T results
were included in the reference sample group. Body mass
index (BMI) was calculated based on self-reported height
and weight, and it was interpreted following The Royal
Women’s Hospital (Victoria, Australia) recommendation
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for the Asian population. BMI of reference sample group
was interpreted following these criteria: underweight, BMI
<18.5 kg/m’; normal weight, 18.5-22.9 kg/m’; overweight,
23.0-27.5 kg/m’; and obese, >27.5 kg/m’.

Statistical analyses

Using the 29% prevalence of GDM in the Philippines
published in 2018 (11), with precision of 0.05, the
computed minimum sample size requirement for this study
is 316. Although most references mentioned the minimum
requirement of 120 individuals for the establishment of
medical decision limits (15), we were able to include a
total of 469 healthy individuals. In previous studies, a
minimum range between 300 to 400 individuals is said to
be sufficiently large in ensuring a statistically significant and
reliable cut-off points (16,17). Descriptive statistics was used
to analyze demographic and biochemical variables and are
presented as mean + standard error of mean (SEM). After
carefully defining and selecting the reference sample group
and measuring 75-g OGTT and other biochemical tests,
the statistical analyses of the results of the 469 pregnant
women that passed all criteria for establishing cut-off points
were performed. Mean, and median values of the variables
were presented. Unpaired 7-test was utilized to compare
OGTT results of the reference sample group categorized
based on the AOG of glucose testing. The collected data
were used to construct the histogram to show the normal
distribution of the data, and parametric method was applied.
Area under the receiver operating characteristics (ROC)
was prepared in comparison with the IADPSG criteria.
From the area under the ROC curve, we derived three cut-
off points (a, b, and ¢) following suggested methodologies
in selecting appropriate cut-off points from previous studies
(3,18-20). The identified three cut-off points were applied
and diagnostic efficiency of the three were compared to
identify the most appropriate cut-off point and the number
of threshold values to be used in diagnosing GDM among
the Filipino population. Prism 9.0 software for macOS
(GraphPad Software, San Diego, CA, USA) was utilized in
the data analyses.

Results

Characteristics of reference sample group and sources of
variation

This study included a total of 469 healthy pregnant women
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Table 2 Demographic and biochemical variables of reference

sample group (n=469)

Variables Median (IQR) Mean + SEM
Age, years 26 (22.0-31.0) 27+0.278
Pre-pregnancy weight, k 52 (45.0-60.0) 53.7+0.544
Height, m 1.55(1.52-1.59)  1.56+0.003
Pre-pregnancy BMI, kg/m® 21.5(19.2-24.4) 22.1+0.224
Pre-BMI Classification 4 (4.0-5.0) 4+0.048
Gestational weight, k 56 (50.6-62.0) 57.0+0.492
Gestational BMI, kg/m® 23.3(20.9-25.9) 23.4+0.215
Gestational BMI Classification 5 (4.0-5.0) 5+0.048
Age of gestation, weeks 27 (23.0-32.0) 27.4+0.282
SBP, mmHg 100 (90.0-110.0)  100+0.661
DBP, mmHg 70 (60.0-75.0) 70+0.521
Total cholesterol, mmol/L 4.76 (4.04-5.81)  5.05+0.072
Triglyceride, mmol/L 2.35(1.78-3.22)  2.60+0.058
HDL-C, mmol/L 1.74 (1.50-2.07) 1.81+0.022
LDL-C, mmol/L 1.92 (1.23-2.86) 2.13+0.066
HbA1c, % (mmol/mol) 5.1 (4.6-5.4); 5.1+0.031
32 (27.0-36.0) (32+0.403)
Insulin, ulU/mL 6.79 (3.66-10.8)  8.12+0.351
HOMA-IR 1.31(0.72-2.07)  1.53+0.066

Interpretation of BMI: normal BMI, 18.5-22.9. BMI Classification:
3, underweight; 4, normal weight; 5, overweight; and 6, obese.
IQR, interquartile range; SEM, standard error of mean; BMI,
body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; HDL-C, high density lipoprotein-cholesterol;
LDL-C, low density lipoprotein-cholesterol; HbA1c, glycosylated
hemoglobin; HOMA-IR, homeostatic model assessment for
insulin resistance.
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as reference sample group. Table 2 presents demographic
and biochemical variables such as age, weight, height, BMI,
BP, lipid profile, glycosylated hemoglobin, insulin, and
HOMA-IR of the healthy pregnant women. All biochemical
parameters are within the acceptable cut-off points per
analyte.

Other potential sources of OGTT result variability

Since studies have shown variability of glucose measurement
depending on AOG, it is important to remove this source
of variability in the establishment of cut-off points (21,22).
In this present study, blood specimens were collected
in pregnant women based on the recommendations of
their attending physicians, which made AOG a source of
variability. Table 3 presents OGTT results of the reference
sample group categorized based on the AOG when OGTT
was done. This comparison was made to remove AOG as
potential source of variability in establishing the cut-off
points.

OGTT Results and bistogram analysis

Histogram was prepared following a parametric method
of analysis after removing the outlier data using robust
regression and outlier removal (ROUT) method with Q or
maximum desired false discovery rate (FDR) of 1%. Table 4
shows the OGTT results of the reference sample group
with skewness, kurtosis, and the lower and upper 95% CI
of mean. Based on skewness values, we can say that the
data we collected are fairly symmetrical, thus we have a
normal distribution of data. Similarly, kurtosis is near zero,
indicating that the data are normally distributed. To better

Table 3 Comparison of OGTT results in the reference sample group categorized in terms of age of gestation when testing was done (n=469)

Glucose levels, mmol/L

Variable P value®
Early OGTT (mean + SEM) Late OGTT (mean + SEM)

FBS 4.30+0.03 4.29+0.06 0.9792

1% hour glucose 6.63+0.08 6.82+0.15 0.3124

2" hour glucose 5.88+0.06 5.93+0.12 0.6350

Early OGTT means OGTT done on or before 28 weeks of gestation; late OGTT means OGTT done beyond 28 weeks of gestation. *,
P value >0.05 indicates no significant difference in OGTT results between early and late OGTT. OGTT, oral glucose tolerance test; SEM,

standard error of mean; FBS, fasting blood sugar.

© Journal of Laboratory and Precision Medicine. All rights reserved.
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Table 4 Oral glucose tolerance test results of the reference sample group (n=469)

Variable Mean glucose values, mmol/L + SEM Skewness  Kurtosis  Lower 95% CI of mean Upper 95% CI of mean
FBS 4.30+0.022 -0.532 -0.163 4.25 4.34
1-hour glucose 6.70+0.064 0.045 —-0.549 6.57 6.82
2-hour glucose 5.91+0.050 -0.178 -0.174 5.81 6.01

If the skewness is between —0.5 and 0.5, the data are fairly symmetrical; if the skewness is between -1 and -0.5 or between 0.5 and 1,
the data are moderately skewed; If the skewness is less than —1 or greater than 1, the data are highly skewed; kurtosis presented here is
excess kurtosis. SEM, standard error of mean; Cl, confidence interval.
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Figure 2 Normal frequency distribution of the OGT'T results in mmol/L of the reference sample group. (A) Fasting glucose values; (B) first

hour glucose values; and (C) second hour glucose values. Glucose values are expressed in mmol/L. OGTT, oral glucose tolerance test.

Table 5 Area under curve of the proposed cut-off points for FBS, 1% hour and 2" hour blood glucose levels (n=469)

Parameters AUC (95% ClI) Cut-off point® Cut-off point® Cut-off point® P value*
FBS 0.9183 (0.8912-0.9454) >4.8 >4.9 >4.9 <0.0001
1* hour blood glucose 0.7813 (0.7421-0.8204) >7.5 >6.6 >7.2 <0.0001
2" hour blood glucose 0.7844 (0.7433-0.8256) >6.6 >5.8 >6.4 <0.0001

*, P value <0.05 indicates that testing done can discriminate well GDM from non-GDM patients. ?, use of the point in the ROC curve where
sensitivity = specificity; °, use of the point in the ROC curve where sensitivity is at least 80%; °, use of the point in the ROC curve with
minimum distance from the upper left corner of the square. FBS, fasting blood sugar; AUC, area under curve; Cl, confidence interval;
ROC, receiver operating characteristic; GDM, gestational diabetes mellitus.

visualize the distribution of data, histograms of the OGTT

results are shown in Figure 2.

Area under the ROC curve and measures of diagnostic
efficiency of the proposed cut-off points

After identifying the reference sample group, cut-off points
for OGTT were derived from area under curve following
several criteria in determining the most appropriate cut-off
point (1able 5 and Figure 3). Various studies have identified
ways to determine the most appropriate cut-off values
(18,19,23). Some of which include the use of the point in

© Journal of Laboratory and Precision Medicine. All rights reserved.

the ROC where sensitivity equals specificity, the use of
Youden’s index, the use of the point where sensitivity is
at least 80%, and the use of the point on the curve with
minimum distance from the upper left corner of the unit
square, among others (3). In this present study, we utilized
three methods to identify cut-off points: (I) use of the point
in the ROC curve where sensitivity = specificity; (II) use
of the point in the ROC curve where sensitivity is at least
80%; and (III) use of the point in the ROC curve with
minimum distance from the upper left corner of the square.

We labelled these three methods in the text as superscripts a,
b, and c.
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Journal of Laboratory and Precision Medicine, 2022 Page 7 of 13

. -/.4-—’— 100 1009

80 = 80 80 -
X BN X

> 60 1 2 60 = 60
3 2 s

é 40 - é 40 % 40 =

20 4 20 20 4

0 1 Ll 1 ) 1 0 T 1 1 ! ! I 0 Ll Ll L Ll 1
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

100-Specificity, %

100-Specificity, %

100-Specificity, %

Figure 3 ROC of the proposed cut-off points for OGTT. (A) ROC of the proposed FBS cut-off point compared with the IADPSG criteria.
AUC is 0.9183 (0.8912-0.9454). (B) ROC of the proposed 1st hour glucose cut-off point compared with the IADPSG criteria. AUC is
0.7813 (0.7421-0.8204). (C) ROC of the proposed 2nd hour glucose cut-off point compared with the IADPSG criteria. AUC is 0.7844
(0.7433-0.8256). ROC, receiver operating characteristics curve; OGTT, oral glucose tolerance test; FBS, fasting blood sugar; IADPSG, The
International Association of Diabetes and Pregnancy Study Groups; AUC, area under curve.

Following the identification of proposed cut-offs points
of fasting, first-hour, and second-hour blood glucose levels
in 75-g OGTT, it is imperative to assess its corresponding
diagnostic efficiency (7able 6). In this study, we utilized
the IADPSG criteria as the standard diagnostic criteria in
interpreting OGTT results to determine diagnostic efficiency
parameters such as sensitivity, specificity, positive predictive
and negative predictive values (NPVs). The use of IADPSG
criteria gave a GDM prevalence of 31.6% in the Philippines
(n=686). We also determined the number of threshold values
that needs to be met to be considered as GDM.

Discussion

Laboratory testing for glucose plays a very important role
in diagnosing GDM, as well as other types of diabetes.
The 75-g OGTT is the standard test used in diagnosing
GDM. However, it is an inconvenient test, time consuming,
and faced with challenges in terms of result interpretation
because of numerous criteria available to analyze the results
(8,24). In this study, we wanted to identify and establish the
cut-off points for 75-g OGTT that is most appropriate and
applicable for Filipino pregnant women.

The mean age of the reference sample group is 26 years
old, which is within the recommended age of pregnancy.
Pregnancy age between 20 to 30 years old is recommended
because women at these age range are less likely to be at
risk of developing pregnancy related complications such
as pre-eclampsia, GDM, obesity, uterus rupture, and
among others (25). While women with advanced maternal

© Journal of Laboratory and Precision Medicine. All rights reserved.

age (AMA) are more prone to develop pregnancy-related
complications. AMA is defined as age more than or equal
to 35 years (26,27). The reference sample group also has
normal BMI. BMI is an important variable that needs to
be considered when establishing and/or verifying cut-
off points for glucose. BMI is used to classify adiposity,
and adiposity is known to be associated with glucose
metabolism (28). Studies have shown that there is an
association between maternal BMI and obesity with
development of GDM and other pregnancy complications
(29,30). Weight, weight gain, and BMI are modifiable risk
factors of GDM development and should be monitored
to prevent the condition (4,31). Thus, to prevent bias due
to weight and BMI, this study included only pregnant
women with normal pre-pregnancy BMI as part of the
reference sample group. Similarly, BP was also considered
in choosing members of the reference sample group. Only
those with normal BP were included in this study. Normal
BP for pregnant women according to the ACOG is below
120/80 mmHg. It is important to identify BP of pregnant
women included in the reference sample group because
studies have shown that high BP is a risk factor for GDM
development (31,32).

Aside from the abovementioned demographic variables,
this study also considered pre-analytical variables that may
cause small incremental changes in glucose concentrations
influencing GDM diagnosis. Pre-analytical factors like the
use of tubes containing anti-glycolytic agents, immediate
separation of cells and storage temperature as key roles in
the levels of glucose concentrations are important things
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Table 6 Prevalence of GDM in the Philippines following the proposed cut-off using one, two, or three threshold values (n=469)

Variables Prevalence, %

Sensitivity, % (95% Cl)

Specificity, % (95% CI)

PPV, % (95% Cl)

NPV, % (95% Cl)

Cut-off point®

FBS alone 38.34 100.0 (98.31-100.0)
1* hour glucose alone 41.25 100.0 (98.31-100.0)
2" hour glucose alone 40.38 100.0 (98.31-100.0)
FBS + 1% hour 3.94 12.4 (8.36-17.58)
FBS + 2™ hour 3.79 12.0 (7.98-17.06)
1% hour + 2™ hour 11.22 35.5 (29.13-42.24)
FBS + 1° hour + 2" hour 18.51 58.5 (51.66-65.15)
Cut-off point®
FBS alone 325 100.0 (98.31-100.0)
1* hour glucose alone 60.5 100.0 (98.31-100.0)
2" hour glucose alone 62.5 100.0 (98.31-100.0)
FBS + 1% hour 2.6 8.3 (4.99-12.79)
FBS + 2" hour 3.6 11.5 (7.6-16.54)
1% hour + 2™ hour 28.9 91.2 (86.66-94.65)
FBS + 1* hour + 2" hour 20.7 65.4 (58.70-71.75)
Cut-off point®
FBS alone 325 100.0 (98.31-100.0)
1* hour glucose alone 46.6 100.0 (98.31-100.0)
2" hour glucose alone 46.4 100.0 (98.31-100.0)
FBS + 1* hour 3.1 9.7 (6.09-14.41)
FBS + 2" hour 3.1 9.7 (6.09-14.41)
1% hour + 2™ hour 17.8 56.2 (49.34-62.93)
FBS + 1* hour + 2" hour 171 53.9 (47.04-60.69)

90.2 (87.13-92.73)
85.9 (82.45-88.95)
87.2 (83.84-90.09)
100.0 (99.22-100.0)
100.0 (99.22-100.0)
100.0 (99.22-100.0)
100.0 (99.22-100.0)

98.7 (97.24-99.53)
57.8 (53.17-62.30)
54.8 (50.17-59.37)
100.0 (99.22-100.0)
100.0 (99.22-100.0)
100.0 (99.22-100.0)
100.0 (99.22-100.0)

98.7 (97.24-99.53)
78.0 (74.01-81.70)
78.5(74.46-82.10)

82.5 (78.19-86.12)
76.7 (72.44-80.44)
78.3 (74.06-82.08)

100.0

100.0

100.0

100.0

97.3 (94.23-98.77)
52.3 (49.64-54.92)
50.6 (48.09-53.07)

100.0

100.0

100.0

100.0

97.3 (94.23-98.77)
67.8 (63.98-71.42)
68.2 (64.38-71.86)

100.0
100.0
100.0
71.2 (70.13-72.19)
71.1 (70.04-72.06)
77.0 (75.22-78.71)
83.9 (81.65-85.92)

100.0
100.0
100.0
70.2 (69.37-71.04)
71.0 (69.95-71.93)
96.1 (94.14-97.43)
86.2 (83.89-88.25)

100.0
100.0
100.0

100.0 (99.22-100.0) 100.0 70.5 (69.61-71.42)
100.0 (99.22-100.0) 100.0 70.5 (69.61-71.42)
100.0 (99.22-100.0) 100.0 83.2 (80.94-85.16)
100.0 (99.22-100.0) 100.0 82.4 (82.56-87.98)

Cut-off point®: first method of cut-off point identification. It uses points in the ROC curve where sensitivity is equal to specificity; Cut-off
point”: second method of cut-off point identification. It uses points in the ROC curve where sensitivity is at least 80%; Cut-off point®: third
method of cut-off point identification. It uses points in the ROC curve with minimum distance from the upper left corner of the square.
GDM, gestational diabetes mellitus; Cl, confidence interval; PPV, positive predictive value; NPV, negative predictive value; FBS, fasting

blood sugar.

to consider. Glycolysis ex vivo is one of the major sources
of uncertainties in glucose determinations. An average
reduction of glucose concentration of 5-7% per hour
can occur, especially when high leukocyte blood counts
and high temperatures are present (33). It was also shown
that glucose concentrations in unpreserved blood samples
decreases rapidly at room temperature (34). Moreover,
prolonged time elapsing between blood drawing to the
centrifugation and separation of cell mass may negatively

© Journal of Laboratory and Precision Medicine. All rights reserved.

affect the detection of diabetes and elevate the rate of
misdiagnosis (35). In one study for instance, OGTT was
performed using a serum tube and centrifugation was not
done until the last collection, thereby falsely decreasing
the glucose values because of glycolysis ex vivo (36). This
was supported by another study wherein they were able to
show an increase in the prevalence of GDM from 11.6%
to 20.6% when the protocol of immediate centrifugation
within 10 minutes after venipuncture was followed. It was
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noted in that study that there is an increase in the fasting
plasma glucose concentration by 0.24 mmol/L with the
change in protocol contributed most to this increase in
diagnosis rate (37). According to WHO and American
National Academy of Clinical Biochemistry (NACB), the
sample to be used must be venous plasma placed in ice-
water slurry after collection and separation of cells must be
within 30 minutes (36). In this present study, venous blood
samples were collected, and placed in serum separator tubes.
As presented in the methodology, specimens were allowed
to clot, then blood samples were centrifuged for 15 minutes
at 2,500 RPM. Serum was immediately separated from the
red bloods cells, and utilized for glucose measurement.
Following these procedures would prevent unnecessary
effects of the identified pre-analytical variables.

Another potential source of variation in OGTT results
is the AOG when OGTT is being performed. Performance
of OGTT in early trimester of pregnancy indicates that a
pregnant mother is at high risk to develop GDM. While
performance of OGTT on the late trimester of pregnancy
may indicate that the mother is at low risk to develop
GDM (23,38). This risk assessment is performed by their
obstetrician-gynecologists (39). Early or late performance
of OGTT has advantages and disadvantages. On one hand,
early testing, although may detect GDM early on and
prevent potential complications, has a high probability of
false negative results, and may only need re-testing later
on when doctors observe abnormalities on the course of
pregnancy (23,39). On the other hand, late testing may
cause late diagnosis when complications of GDM are
already present.

Although some studies mentioned about variability
in glucose levels depending on the AOG (21,23,40), this
present study was able to remove that source of variation.
OGTT results of the reference sample group whose testing
was performed on or before 28 weeks did not significantly
differ from the OGT'T results of those whose testing was
done after 28 weeks of gestation (P=0.05). Similar results
have been observed by previous studies as well. In one study,
no significant difference on the OGTT results taken on the
16th week versus 36th week of gestation was observed (41).
Moreover, in another study where prevalence of GDM
was studied in different trimesters of pregnancies, they
observed that glucose intolerance occurs in all trimesters of
pregnancies; although, they recommended repeat OGTT
up to 36 weeks of gestation or beyond to confirm negative
GDM diagnosis (42).

Taking a closer look at Table 5, we can say that cut-off
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point” is not a good set of cut-off points, with specificities
and positive predictive value (PPV) below 60% in 1" and 2™
hour glucose cut-off points. We are now left with choosing
between cut-off point” or cut-off point”. Although cut-off
point® and cut-off point® are more or less the same, we can
observe higher specificity and PPV for FBS alone in cut-
off point’, but higher specificity and PPV for both 1* hour
and 2" hour blood glucose in cut-off point’. With this, we
are recommending here the use of cut-off point”: FBS >4.8;
1" hour blood glucose >7.5; and 2™ hour blood glucose
>6.6. As with the number of threshold values that needs
to be met to diagnose GDM, we recommend reaching
at least one threshold value to consider the presence of
GDM. The use of one threshold value of cut-off point’
provided good positive likelihood ratios of 10.2 for FBS
alone, 7.11 for 1" hour serum glucose alone, and 8.82 for
2™ hour serum glucose alone (data not included in the
table). More than 1 positive likelihood ratio and less than
0.1 negative likelihood ratio indicate a very useful tool to
establish diagnosis and exclude a diagnosis. The use of two
or more threshold values did not result to better diagnostic
efficiency as shown in the table. After identifying the
recommended cut-off points and the number of threshold
values to meet to diagnose GDM, we look at the difference
in terms of number of individuals diagnosed when using
the standard criteria of IADPSG versus when using the
recommended cut-off points, that is cut-off point” with one,
two or three threshold values to meet (Figure 4). The use of
one threshold value of cut-off point" allowed better GDM
diagnosis, with prevalence higher than when using IADPSG
criteria. The use of two or more threshold values provided
stricter rules, which limits the diagnosis of the condition.

To summarize, the guidelines we utilized in deciding
on which cut-off point to use and the number of threshold
values to meet, we listed the following:

(I) High sensitivity (>90%);

(I) At least 80% specificity;

(III) Higher NPV than PPV but not too low PPV (at

least 70%).

High sensitivity is a pre-requisite for a screening test.
Studies mentioned that if a medical decision limit is
being established for screening a certain condition, high
sensitivity is desirable (15,43,44). The high sensitivity of
the recommended medical decision limit or cut-off point
and number of threshold value will allow an individual to
be confident of not having GDM if the test is negative (15).
Although we prioritize sensitivity over specificity,
specificity obtained utilizing cut-off point’ is not low and is
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IADPSG

217

IADPSG criteria vs. cut-off
point® (FBS only)

IADPSG

217
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IADPSG

217

IADPSG criteria vs. cut-off point®
(2™ hour BS only)

IADPSG criteria vs. cut-off
point® (1* hour BS only)

IADPSG

IADPSG

190

IADPSG criteria vs. cut-off point®
(FBS + 1% BS only)

IADPSG criteria vs. cut-off point®
(FBS + 2™ hour BS only)

IADPSG criteria vs. cut-off point®
(1°*and 2" hour BS only)

IADPSG criteria vs. cut-off point®
(FBS, 1°" and 2" hour BS only)

Figure 4 Venn diagram showing discordant in diagnosis GDM between IADPSG criteria versus the recommended cut-off point’ using one

threshold, two thresholds, and three threshold values). Cut-off point” is the point in the ROC curve where sensitivity is equal to specificity.

The use of two or more threshold values limits the detection of GDM. Number represents frequency of GDM detected using the specified

criteria/threshold values. Green circle represents number of GDM cases diagnosed using cut-off point’. Yellow circle represents number of

GDM cases diagnosed using IADPSG criteria. IADPSG, International Association of Diabetes and Pregnancy Study Groups; FBS, fasting

blood sugar; BS, blood sugar.

also acceptable and will allow an individual to be assured of
having the condition when the test is positive (>80%) (15).
Similarly, when deciding which is more desirable in
terms of high PPV versus high NPV, we considered the
condition we wanted to diagnose, which is GDM. Variety
of circumstances were considered, namely, consequences
of not being able to detect the condition (false negative),
high-cost requirement in treating the condition (false
positive), and effect of treatment to the mother and the

© Journal of Laboratory and Precision Medicine. All rights reserved.

fetus (false positive). High PPV over NPV would entail
higher unnecessary cost and overtreatment. High NPV
over PPV, on the other hand, will miss out patients with
GDM for being monitored and treated (15). Because
GDM poses serious complications to both the mother
and the fetus, it is more necessary to avoid false negative
decisions. A higher NPV over PPV is more acceptable
to prevent misdiagnosis of GDM and thus, avoid adverse
pregnancy outcormes.
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Conclusions

With variability in glucose levels depending on population,
we were able to establish in this study the cut-off points to
interpret 75-g OGTT among Filipino pregnant women. We
are proposing the use of these values: FBS >4.8 mmol/L;
1" hour blood glucose >7. § mmol/L, and 2" hour blood
glucose >6.6 mmol/L. At least one of these three cut-off
points should be met to diagnose GDM. The use of this
cut-off points is comparable with the IADPSG criteria
but more suitable among Filipino pregnant women.
A limitation of our study is the incorporation of the
correlation of maternal and perinatal outcomes when using
our recommended cut-off points. This may be performed
in future studies, together with further validation of the
recommended cut-off points involving Filipino pregnant
women in other areas of the Philippines.
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