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İDİDİD

Özet: Gestasyonel diyabet taramas›nda serum açl›k
plazma glukozunun yeri
Amaç: Oral glukoz tolerans testi (OGTT) yapt›rmayan veya yap-
t›r›lamayan gebeliklerde açl›k plazma glukozu (APG) düzeyinin
olas› gestasyonel diyabet (GDM) olgular›n›n saptanmas›nda yar-
d›mc› olup olamayaca¤› sorusunu cevaplamak için 24–28. gebelik
haftalar›nda bak›lan APG düzeyinin GDM tan›s› için nas›l bir per-
formans sergiledi¤ini araflt›rmay› amaçlad›k. 

Yöntem: Bu çal›flma tersiyer bir merkezde, retrospektif olarak
24–28. gebelik haftalar› aras›nda 75 g OGTT yapt›ran toplam 2950
hastan›n kay›tlar›na ulafl›larak gerçeklefltirildi. Tek basamakl› tarama
test sonuçlar›na göre GDM tan›s› konuldu. GDM tan›s› konulan
hastalarda APG için istatistiksel olarak hesaplanm›fl, tan› için en ba-
flar›l› eflik de¤er hesapland›. APG için özgüllük ve duyarl›l›k de¤erle-
ri hesapland›. 

Bulgular: D›fllama kriterleri sonras› kalan 2043 gebenin 1736’s›
normal iken 307’sine (%15) GDM teflhisi konuldu. Sa¤l›kl› gebeler
ile GDM’li gebeler aras›nda demografik özelliklere göre yap›lan
karfl›laflt›rmada, GDM’li gebelerde ortalama yafl sa¤l›kl› gebelerden
yüksek idi (28.6±4.3’e karfl› 26.2±4.1, p<0.001). Vücut kitle indeksi
de yine GDM’li gebelerde sa¤l›kl› gebelerden daha yüksek idi
(26±2.1’e karfl› 24±3.1 kg/m2, p<0.001). Di¤er özellikler her iki
grup için benzerdi. APG performans› için ROC analizi yap›ld› ve
sonras›nda en anlaml› eflik de¤eri 88 mg/dL olarak tespit edildi
(p<0.001, e¤ri alt›nda kalan alan 0.876, %95 güven aral›¤› 0.850–
0.903). 

Sonuç: OGTT yapt›rmak istemeyen gebelerde, APG>88 mg/dl ol-
mas› durumunda olas› GDM için gebe hem OGTT hem de GDM
ve olas› komplikasyonlar› hakk›nda detayl› olarak bilgilendirilmeli-
dir. Böylece tan›s› olmayan GDM olgular› ve olas› komplikasyonla-
r› azalacakt›r. 

Anahtar sözcükler: Açl›k glukozu, gestasyonel diyabet, glukoz tole-
rans›, gebelik, tarama.
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Abstract

Objective: We aimed to investigate the performance of fasting
plasma glucose (FPG) level, checked between 24 and 28 weeks of
gestation, for the diagnosis of gestational diabetes mellitus (GDM)
in order to find out whether FPG level would help to identify
potential GDM cases or not in pregnancies which do or do not
undergo oral glucose tolerance test (OGTT). 

Methods: This study was performed retrospectively in a tertiary cen-
ter by accessing the records of 2950 patients who underwent 75-g
OGTT in between 24 and 28 weeks of gestation. GDM diagnosis
was established according to the one-step screening test results. In
the patients diagnosed with GDM, the most successful threshold
value for the diagnosis calculated statistically was determined for
FPG. The specificity and sensitivity values were calculated for FPG. 

Results: After applying the exclusion criteria, 1736 of 2043 preg-
nant women were normal and 307 (15%) of them were diagnosed
with GDM. The mean age was higher in the pregnant women with
GDM than the healthy pregnant women when they were compared
according to the demographic characteristics (28.6±4.3 vs. 26.2±4.1,
p<0.001). Body mass index was also higher in the pregnant women
with GDM compared to the health pregnant women (26±2.1 vs.
24±3.1 kg/m2, p<0.001). Other characteristics were similar in both
groups. ROC analysis was performed for FPG and the most signifi-
cant threshold value was found 88 mg/dL (p<0.001, area under curve
0.876, 95% confidence interval 0.850–0.903). 

Conclusion: When FPG is >88 mg/dl in pregnant women who do
not want to undergo OGTT, they should be informed in detail
about both OGTT and GDM and its potential complications. Thus,
the number of GDM cases without diagnosis and its potential com-
plications would decrease. 

Keywords: Fasting glucose, gestational diabetes, glucose tolerance,
pregnancy, screening.
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Introduction
Gestational diabetes mellitus (GDM) which is the most
common endocrinological disorder seen during preg-
nancy is defined as the carbohydrate intolerance found
during second or third trimester and where it is not
known clearly if pregnant woman is Type I or Type II
diabetes or not.[1] It is associated with prenatal and peri-
natal complications such as hyperglycemia, preeclamp-
sia, macrosomia, preterm labor, polyhydramnios, trau-
matic labor, and elevated risk for cesarean section devel-
oped during pregnancy. Glucose regulation usually
becomes normal in a short time after delivery, but the
risk of developing Type II diabetes mellitus increases in
these women and their children in the long term.[1]

Advanced maternal age, belonging to a certain ethnic
group (Hispanic, African, Asian), multiparity, obesity,
GDM in previous pregnancy, giving birth to baby over
4000 g and familial history of diabetes are among the
major risk factors.[2]

Gestational diabetes screening has still been debated
today. There are many recommendations for the screen-
ing. These recommendations are serum fasting glucose
level, postprandial glucose level, HbA1C and glucose
tolerance tests. Fasting serum glucose threshold value
accepted for gestational diabetes diagnosis varies accord-
ing to the races.[3,4] It is also controversial that perform-
ing glucose tolerance test to which pregnant women
according to the fasting blood glucose levels would be
more significant. Sometimes, tolerance tests cannot be
tolerated or are rejected by patients. The number of
patients who does not want to undergo the test increas-
es day by day particularly due to the speculations in the
social media or the thought that it may harm fetus.[5] In
our study, we aimed to investigate the performance of
fasting plasma glucose level, checked between 24 and 28
weeks of gestation, for the diagnosis of gestational dia-
betes mellitus in pregnancies which do or do not under-
go oral glucose tolerance test (OGTT).

Methods
The study was designed retrospectively in the Kayseri
City Hospital by using the hospital data bank. The study
was carried out by accessing the laboratory results and
hospital records of 2950 patients who underwent GDM
screening by 75-g OGTT in our clinic between July
2018 and July 2019. The approval of Clinical Researches

Ethics Committee of the Faculty of Medicine, Erciyes
University was obtained for the study. Since the ethnic
origins in our country have a high risk for diabetes mel-
litus, all pregnant women admitting to our clinic are rec-
ommended 75-g OGTT in accordance with the recom-
mendation of the Practice Guidelines of Turkish
Perinatology Society and the tests are carried out for
those who accept it.[6] The pregnant women with local
ethnic origin (Caucasian race) in between 24 and 28
weeks of gestation and 18–35 years old who admitted to
our hospital for routine pregnancy follow-up were
included in the study. The patients with fasting plasma
glucose above 126 mg/dl and had previously diagnosed
with diagnosis, those with an endocrine disease (Cushing
disease, Addison’s disease, hypopituitarism, acromegalia
etc.) which may affect blood glucose level, or the preg-
nant women with the history of medication use (cortisol,
progesterone) which are known that they may affect
blood glucose level were excluded from the study (n=280
pregnant women). Also, the patients and immigrants
from different races were excluded (n=595). The weeks
of gestation were determined according to the last men-
strual period. The weeks of gestation for women whose
last menstrual period are not known were determined
according to the ultrasonographic measurements con-
ducted in the first trimester.

The patients who were screened by one-step 75-g
OGTT accepted by IADPSG (International Association
of the Diabetes and Pregnancy Study Groups) and ADA
(American Diabetes Association) were included in the
study. In order to establish diagnosis in one-step screen-
ing test, fasting plasma glucose is measured following
12-hour overnight fasting. Then, patient drinks 75 g
glucose and venous blood samples are collected at 1st
and 2nd hours. ≥92 mg/dl for fasting plasma glucose,
≥180 mg/dl for 1st hour plasma glucose and ≥153 mg/dl
for 2nd hour plasma glucose are accepted as threshold
values.[7] GDM diagnosis was established when one or
more of these values were higher. The most successful
threshold value for the diagnosis was determined by sta-
tistically calculating specificity and sensitivity values for
fasting plasma glucose (FPG). In this study, 2 simulation
screening tests were created. First one was designed to
be screening test with single FPG threshold value and
the second one to be GDM screening test with two FPG
threshold values.

The data were processed and compared by PASW
statistics software version 18 (SPSS Inc.; Chicago, IL,
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USA). The descriptive statistics were prepared. The val-
ues were presented as mean ± standard deviation, n(%)
and median (min–max). The diagnosis performance of
FPG value for GDM was analyzed on the basis of ROC
(receiver operating characteristic) curve. The sensitivity,
specificity, positive and negative likelihood ratios, preva-
lence, and positive and negative predictive values were
determined.

Results
Of 2950 pregnant women included in the study, 595
were excluded due to different ethnic origin, 32 due to
being unable to complete the test, and 280 due to exclu-
sion criteria. While 1736 of remaining 2043 pregnant
women were normal, 307 (15%) of them were diagnosed
with GDM (according to IADPSG criteria). The demo-
graphic characteristics were compared between the
healthy pregnant women and the pregnant women with
GDM, and they were presented in the Table 1.
According to this comparison, mean age was higher in
the pregnant women with GDM than the healthy preg-
nant women (28.6±4.3 vs. 26.2±4.1, p<0.001). The body
mass index was also higher in the pregnant women with
GDM than the healthy pregnant women (26±2.1 vs.
24±3.1 kg/m2, p<0.001). Other characteristics were sim-
ilar for both groups (Table 1).

There were 191 patients with fasting blood glucose
92 mg/dL and higher (9.3% in all pregnant women,
62.2% in the pregnant women with GDM). There were
179 patients with blood glucose 180 mg/dL and higher
at the 1st hour of oral glucose tolerance test (8.7% in all
pregnant women, 58.3% in the pregnant women with
GDM). The number of the patients with blood glucose
level 153 mg/dL and higher at the 2nd hour of the toler-

ance test was 118 (5.7% in all pregnant women, 38.4%
in the pregnant women with HDM). Of the pregnant
women with GDM, single value positivity was observed
in 63% (193), 2-value positivity in 25.9% (79), and 3-
value positivity in 10.8% (33).

The most significant threshold value was found 88
mg/dL in the ROC analysis for FPG performance
(p<0.001, area under curve 0.876, 95% confidence
interval 0.850–0.903). The parameters such as sensitiv-
ity and specificity were calculated according to the new
threshold value and showed in Table 2. Accordingly,
when the best threshold value for FPG was accepted 88
mg/dL, the false positivity was 6.6%, the specificity
was 93.4% and the sensitivity was 69.7%. Another sim-
ulation in this study was to create a screening test with
two threshold values according to the FPG level.
Three groups were established for that purpose.[4] The
first group consisted of 984 (48.2%) pregnant women
with FPG level <79 mg/dL and there were 38 (12.3%)
patients with GDM in this group. The second group
consisted of 868 (42.5%) pregnant women with FPG
level between 79 and 91 mg/dL and there were 78
(25.4%) patients with GDM in this group. The third
group had a total of 191 (9.3%) pregnant women with
FPG level 92 mg/dL and higher, and they all had
GDM (191/307, 62.2%). According to this new strate-
gy, if we would establish the cases with APG level 92
mg/dL and higher with the diagnosis of GDM direct-
ly and perform glucose tolerance test to those between
91 and 79 mg/dL, 88% of the patients with GDM
could be diagnosed by conducting OGTT in 42% of
the population. Approximately 58% of our population
would not need OGTT. According to this screening
test with two threshold values, specificity was found

Table 1. Comparison of the demographic characteristics between the groups. 

Healthy pregnant Pregnant women 
women (1736) with GDM (307) p-value

Age 26.1±4.1 28.6±4.3 <0.001

BMI 24±3 26±2.1 <0.001

Week of gestation at screening 26.2±1.2 25.9±1.3 0.675

Gravida 2 (1–5) 2 (1–6) 0.234

Parity 1 (0–3 1 (0–3) 0.454

BMI: body mass index; GDM: gestational diabetes mellitus. The values were presented as mean ± standard deviation or median (min–max). p<0.05 was considered statisti-
cally significant.
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100% and sensitivity 87.6%. The calculations of other
threshold values are given in Table 3.

Discussion
In our study, we investigated the diagnosis convenience
for GDM which is one of the most common medical
issues encountered during pregnancy and may lead to
many poor health outcomes by affecting both mother
and baby in short- and long-term. GDM screening and
diagnosis are still controversial. In our study, we investi-
gated the diagnosis performance of FPG levels between
24 and 28 weeks of gestation. There are few studies in
the literature investigating the diagnosis performance of
FPG. We developed the methods of our study and
improved the power of the study by taking the limita-
tions in these studies into consideration (advanced
maternal age, different ethnic groups, risky pregnancies
and obese pregnant women in the study groups). Firstly,

we designed the study population to be between 18 and
35 years old. Unlike similar studies, we excluded differ-
ent ethnic origins from our study, and included only
local individuals. Also, we included pregnant women
whose body mass index was between 20 and 30 kg/m2 in
our study in order to increase the reliability of our study.

The first strategy we considered as a hypothesis in our
study was to conduct screening by using a single thresh-
old value which has the highest performance for GDM
diagnosis, and the FPG level with the highest validity was
88 mg/dL. When assuming that this value is considered
as threshold value in the screening, we will be able to
establish GDM diagnosis to our population with an
acceptable specificity rate of 93.4% and sensitivity rate of
69.7%, and the need for conducting tolerance test will be
eliminated for a great part (83%) of the pregnant women.
However, a significant part (30%) of the pregnant
women with GDM would be missed in this assumption.

Table 3. The performance of serum fasting glucose at different threshold values. 

92 88 79 75 72 70

Number of pregnant women 191/2043 328/2043 1059/2043 1475/2043 1721/2043 1846/2043 
above threshold (9.3%) (16.1%) (51.8%) (72.2%) (84.2%) (90.4%)

Number of pregnant women 1852/2043 1715/2043 984/2043 568/2043 322/2043 197/2043 
that do not require OGTT (90.7%) (83.9%) (48.2%) (27.8%) (15.8%) (9.6%)

Number of GDM cases missed 116/307 93/307 38/307 21/307 12/307 4/307 
by the test (37.7%) (30.2%) (12.3%) (6.8%) (3.9%) (1.3%)

Sensitivity 191/307 214/307 269/307 286/307 295/307 303/307
(62.2%) (69.7%) (87.6%) (93.2%) (96.1%) (98.7%)

Specificity 1736/1736 1622/1736 946/1736 547/1736 310/1736 193/1736
(100%) (93.4%) (54.5%) (31.5%) (17.9%) (11.1%)

GDM: gestational diabetes mellitus; OGTT: oral glucose tolerance test. The values were presented as n(%). The descriptive statistics were done.  

Table 2. The performance when the serum fasting glucose threshold value is calculated 88 mg/dL. 

Statistics Results 95% CI

Sensitivity 69.71% 64.23–74.8%

Specificity 93.43% 92.16–94.55%

Positive likelihood ratio 10.62 8.76–12.87

Negative likelihood ratio 0.32 0.27–0.38

Prevalence 15.03% 13.5–16.65%

Positive predictive value 65.24% 60.77–69.46%

Negative predictive value 94.58% 93.64–95.39%

Accuracy 9.87% 88.48–91.14%

ROC analysis was conducted for the performance of serum fasting glucose level, and then 88 mg/dL was considered to be the most significant threshold value (p<0.001, area
under curve 0.876, 95% confidence interval 0.850–0.903). For the disease diagnosis, the results of 75-g oral glucose tolerance test, which is the reference test, was used.
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Another strategy is to separate pregnant women to 3
groups between 24 and 28 weeks of gestation according
to their FPG levels.[4,8–10] In accordance with the reports of
similar studies, pregnant women with FPG level 92
mg/dL and higher are already diagnosed with GDM
according to the reference test and glucose tolerance test
is not required. The pregnant women with FPG levels
below 79 mg/dL which are almost half of the population
(48.2%) do not undergo tolerance test. The purpose here
is to determine risk group, and recommend glucose tol-
erance test to those with FPG level between 79 and 92
mg/dL. When we evaluate the results of our study with
this scenario, glucose tolerance test is not required in a
great part (58%) of all pregnant women and 88% of the
patients will be diagnosed who are established with GDM
diagnosis according to the reference test by conducting
OGTT in 44% of them. In this way, the sensitivity was
88% and the specificity was 100% in this strategy. We
found that a similar study in the literature reported con-
sistent results with our study. Zhu et al. reported the sen-
sitivity 87% in their study performed with 24,854
patients in China in 2013.[9] In a similar study which has
100% specificity but different sensitivity compared to our
study, Agarwal et al. used this strategy on 10,283 patients
in 2010 and reached a sensitivity of 95.4%.[10] In a similar
study conducted with 2298 cases, Ryser Rüetschi et al.
reported the sensitivity rate 78.5%.[4] When this strategy
was compared with the data of HAPO (Hyperglycemia
and Adverse Pregnancy Outcome) study, it was reported
that 57% of the patients would not need OGTT with a
sensitivity of 84.1%.[8] While these different results are
reported as the study limitations, secondary factors such
as different ethnic groups, pregnancies at advanced ages,
risky pregnancies and obesity may lead to different rates
of prevalence, sensitivity and specificity.

A good screening test is expected to be cheap and
easy to perform in a short time without requiring
detailed preparations, and its validity (total of sensitivity
and specificity), the method used in other words, should
be real, solid and have a high rate of identifying patients.
The ideal one is the high sensitivity with 95% specifici-
ty, which means 5% false positivity rate. If we consider
88 mg/dL as the threshold FPG value, the rates accept-
ed in many screening tests can be achieved with 93.4%
specificity and 69.7% sensitivity. It is similar in 50-g glu-
cose screening test.[11] When 140 mg/dL is accepted as
the threshold value according to ADA criteria, the speci-

ficity is 84% and the sensitivity is 88%; but if the thresh-
old value is considered to be 130 mg/dL according to
NDDG (National Diabetes Data Group) criteria, the
specificity is 88% and the sensitivity is 66%.[11] It can be
said that a better performance than 50-g glucose screen-
ing test is obtained in two-threshold screening strategy
with 100% specificity and 87.6% sensitivity.

This study has a few weak points. Conducting the
study retrospectively, in a single center and with low
number of pregnant women are among them. The num-
ber of pregnant women included in the study decreased
due to the exclusion criteria. However, the exclusion cri-
teria increase the strength of the study. Another signifi-
cant aspect of the study is that we conducted it with the
data of our country.

Conclusion
According to the results of our study, a GDM screening
test using FPG threshold value 88 mg/dL alone missed
30% of real GDM cases, and exhibited a poor perform-
ance with 93.4% specificity and 69.7% sensitivity.
Another GDM screening test designed in the study had
two threshold values. This screening test designed by
using 92 and 79 mg/dL FPG values missed 12% of the
cases, and exhibited a good performance with 100%
specificity and 87.6% sensitivity. In the cases who could
not undergo or did not want to undergo OGTT, reeval-
uating the cases with FPG values would provide an
opportunity to inform the cases in detail about potential
gestational diabetes and to perform diagnosis test. Thus,
the number of non-diagnosed GDM cases and potential
complications would decrease.

Conflicts of Interest: No conflicts declared.
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