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RESEARCH ARTICLE

The effect of gestational diabetes mellitus on occurrence of the pelvic girdle
pain and symptom severity in pregnant women

Nil€ufer Kablana , Habibe Ayvacıb , Merve Canc , Yaşar Tatard , Pınar Kumrub and Sadık Şahinb

aFaculty of Health Sciences, Department of Physiotherapy and Rehabilitation, _Istanbul Medeniyet University, Istanbul, Turkey; bMinistry of
Health, Zeynep Kamil Women and Pediatric Training and Research Hospital, Istanbul, Turkey; cPlato Vocational School, Department of
Physiotherapy and Rehabilitation, Ayvansaray University, Istanbul, Turkey; dFaculty of Sports Sciences, Marmara University, Istanbul, Turkey

ABSTRACT
The primary objective of this study was to examine the effect of gestational diabetes mellitus (GDM)
on pelvic girdle pain (PGP) occurrence and symptom severity. Pregnant women who were with/without
GDM, 20–40 years of age, and also in the second and third trimesters of pregnancy were included in
the study. PGP provocation tests were administered to 187 pregnant women to determine the pres-
ence and severity of PGP. Based on the test results, the study subjects were divided into two groups;
Group 1 (GDMþ, PGPþ; n:32) and Group 2 (GDM�, PGPþ; n:35). Both groups were asked to fill in the
Pelvic Girdle Questionnaire (PGQ). The relationship between the presence of GDM and the presence of
PGP was found to be significant (p¼ .043). It was found the groups were similar in view of pain, and
also in PGQ total/subscale scores (p> .05). Although GDM has no effect on symptom severity, it has
been determined that it may relate to the development of PGP. Therefore, early interventions (nutri-
tion, exercise, belt using, etc.) are recommended to prevent the development of PGP in pregnant
women with a family history of diabetes, with a previous diagnosis of diabetes and/or with GDM
detected in their previous pregnancies.

Clinical Trial Number: 04769375

IMPACT OF STATEMENT

� What is already known on this subject? Gestational diabetes mellitus and pelvic girdle pain are
pathologies that develops secondary to pregnancy-related systemic and biomechanical changes.

� What do results on this study add? GDM may related the development of PGP.
� What are the implications of these findings for clinical practice and/or further research? Early

interventions (nutrition, exercise, belt using, etc.) and strict control of pregnant women in view of
PGP is recommended to prevent the development of PGP in pregnant women with a family history
of diabetes, with previous diagnosis of diabetes and/or with GDM detected in their previous preg-
nancies. The evaluation of pregnant women for PGP before administering interventions, such as
exercise and diet (both decrease the pro-inflammatory markers), following the diagnosis of GDM
and the measurement of plasma anti- and pro-inflammatory marker values in the same time period
will further reveal the relationship between GDM and PGP.

KEYWORDS
Gestational diabetes
mellitus; GDM; pelvic girdle
pain; PGP; pregnancy

Introduction

A sequence of adaptations related to systemic and biomech-
anical changes occurs in pregnancy, which is a natural pro-
cess; however, these changes may lead to the development
of secondary pathologies in some cases. Gestational diabetes
mellitus (GDM), is one of the most common metabolic disor-
ders during pregnancy and affects 9%–26% of all pregnancies
(Sacks et al. 2012). It has been defined as glucose intolerance
with onset (Dirar and Doupis 2017) or first recognition during
pregnancy (Challis et al. 2009). GDM results from insulin
resistance developing despite the increasing insulin demand
that occurs as the foetus grows (Dirar and Doupis 2017). It
has been reported that, in addition to increased diabetogenic

hormone secretion from the placenta, decreased adipokine
secretion in parallel with maternal weight gain and increased
secretion of adipocytokines, such as tumour necrosis factor a
(TNF-a), play a role in the development of insulin resistance
(Dirar and Doupis 2017). Moreover, it was determined that,
along with the increased insulin resistance in most pregnant
women with GDM, the pancreatic b cells are unable to
secrete sufficient amounts of insulin, and thus contribute to
the development of hyperglycaemia (Challis et al. 2009). This
condition is usually diagnosed at 24–28weeks of gestation
during which placental lactogen secretion rises (Woodside
and Bradford 2021) and it has been observed that glucose
intolerance returns to normal postpartum in the majority of
the cases (Coustan et al. 2010).
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The inflammatory process observed in normal pregnancy,
along with an increase in maternal adipose tissue (Challis
et al. 2009), has been reported to be similar to that observed
in T2DM and obesity (Shoelson et al. 2007; Challis et al.
2009). Normal pregnancy has been defined as an inflamma-
tory process due to the physiological adaptations that occur
in the maternal immune system to prevent rejection of the
developing foetus. Similarly, cytokine secretion varies even in
pregnancies without any complications, and this conse-
quently contributes to the inflammatory process by disrupting
the balance between pro- and anti-inflammatory cytokines
(Challis et al. 2009). In addition to the role of pro-inflammatory
cytokines such as TNF-a and IL-6 in the pathophysiology of
GDM, which act by increasing insulin resistance (Abell et al.
2015), it has been determined that hyperglycaemia-induced
inflammatory process and oxidative stress cause an elevation
in TNF-a and IL-6 levels (Briana and Malamitsi-Puchner 2009).
In other words, while pro-inflammatory markers contribute to
the development of GDM, the presence of GDM appears to be
a factor that further triggers the inflammatory process in preg-
nant women (Fasshauer et al. 2014).

Pelvic girdle pain (PGP) is another pathologic condition that
develops secondary to pregnancy-related systemic and bio-
mechanical changes. It is another one of the common musculo-
skeletal disorders associated with pregnancy and is estimated to
affect 10%–65% of pregnant women (Kovacs et al. 2012; Owe
et al. 2016). It is characterised by pain between the glutaeal line
and the posterior iliac crest, especially intense in the sacroiliac
joints (SIJ), and in some cases, involves the symphysis pubis
(Vleeming et al. 2008). Although its aetiology and pathophysi-
ology have not been fully understood, it is believed that PGP
may result from increased mobility in the SIJ in response to hor-
monal and biomechanical changes (Vleeming et al. 2008;
Aldabe et al. 2012). Meijer et al. (2020) have reported that
repetitive microtrauma caused by increased loading due to bio-
mechanical changes may trigger local inflammation and be the
factor that initiates PGP.

Although the manifestation of GDM and PGP occur in
similar time periods, these two factors have been studied
separately. The fact that the onset of PGP, which is frequently
detected after week 18 of pregnancy (Vleeming et al. 2008),
is parallel to the onset of GDM and that both pathologies are
associated with the inflammatory process raises the question
of whether GDM has an impact on the manifestation of PGP.
Accordingly, to the best of our knowledge, the effect of the
coexistence of two different factors that trigger inflamma-
tion-induced pain on symptom severity in pregnant women
has not been investigated yet. Hence, this study aimed to
examine the effect of GDM on PGP occurrence and symptom
severity. We hypothesised that the presence of GDM is both
related to the occurrence of PGP and increases its severity.

Material and methods

Study design and participants

This cross-sectional study was conducted between April and
August 2021, at the Department of Obstetrics and
Gynaecology in Zeynep Kamil Women and Paediatric Training

and Research Hospital. Pregnant women who were
20–40 years of age and diagnosed as having GDM for the first
time as well as those who did not have GDM, were in second
and third trimesters of pregnancy, and had a physically
inactive lifestyle were included in the study. The exclusion
criteria included developing diabetes before pregnancy as
well as having orthopedic/neurological problems that may
cause biomechanical alignment deviations; chronic lumbopel-
vic pain history before pregnancy; pregnancy-related compli-
cations; and history of spine, pelvis, or lower extremity
fractures/operation in the previous 6months. Prior to the
assessment, the pregnant women were informed about the
aim and content of the study, and signed consent was
obtained from all the participants.

In the study, 200 pregnant women were evaluated, and
demographic (age, height, weight, weight gain, BMI, etc.),
clinical (GDM diagnosis, low back/pelvic trauma/chronic pain
history, dyshernia, spinal stenosis, ankylosing spondylitis,
etc.), and pregnancy-related (number of pregnancies, gesta-
tional week, and presence of pregnancy-related complica-
tions) data were recorded. Twelve pregnant women with
pregnancy-related complications and one pregnant woman
with a history of pain related to disc herniation were
excluded from the study. PGP provocation tests were admin-
istered to 187 pregnant women to determine the presence
and severity of PGP. Based on the results of the tests, the
pregnant women were divided into two groups Group 1
(GDMþ, PGPþ; n:32; mean age:31.41 ± 5.47 years) and Group
2 (GDM�, PGPþ; n:35; mean age:27.71 ± 5.02 years).
Following pain assessments, both groups were asked to fill in
the Pelvic Girdle Questionnaire (PGQ) (Figure 1).

Pain assessment

The intensity of pain felt in the pelvis during activities of
daily living (P-ADL) and prolonged sitting/standing (P-PSS)
was evaluated using the Visual Analog Scale (VAS). The par-
ticipants were asked to mark the level of their current pain
status on a scale ranging from no pain (0) to worst pain
imaginable (10) (Bertuit et al. 2018).

PGP provocation tests

To detect the presence of PGP, (a) Posterior Pelvic Pain
Provocation (P4); (b) Patrick FABER; and (c) Modified
Trendelenburg tests were performed bilaterally, and each of
the test results was recorded to be positive if the pain was
felt in the relevant region during the test. Symphsis Pubis
Palpation test (d) was administered as pain palpation provo-
cation test. The test was considered positive in the presence
of pain with palpation that lasted for at least 5 seconds after
the removal of palpation pressure. The degree of difficulty
that may be experienced due to PGP was investigated using
the Active Straight Leg Raise test (e). The test was accepted
positive if the degree of difficulty experienced while perform-
ing the test was 2 or more. The diagnosis of PGP was based
on one of the (a) and (e) tests being positive for the right/
left or both sides and at least one of the (b), (c), and (d) tests
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being positive. Pain intensity experienced in all tests was
evaluated using the VAS and recorded (Vøllestad and Stuge
2009; Elden et al. 2016).

PGQ

The PGQ questionnaire was filled in following face-to-face inter-
views with the pregnant women. The PGQ was developed by
Stuge et al. (2011) to evaluate the quality of life of pregnant
women with PGP. The cultural adaptation, validity, and reliability
of the Turkish version of the scale were done by Yelvar et al.
(2019). The questionnaire consists of the PGQ-Activity subscale,
which includes 20 questions to investigate the degree of diffi-
culty experienced due to pain during activities of daily living,
and of the PGQ-Symptom Subscale, which includes 5 questions
that examine the severity of pain felt at different times of the
day. Questions 1–20 and 22–25 in the questionnaire are rated
as not at all (0), very little (1), somewhat (2), and to a great
extent (3), and the 21st and 22nd questions are rated as none
(0), a little (1), moderate (2), and quite a bit (3) on a 4-point
Likert Scale. A high score indicates that activities of daily living
are highly affected by PGP.

Ethical approval

Ethics committee approval was obtained from the Clinical
Research Ethics Committee of Zeynep Kamil Women and
Paediatric Training and Research Hospital, (03.02.2021/31). A
clinical Trial record was obtained (NCT 04769375). The study
was conducted in accordance with the principles of the
Declaration of Helsinki.

Statistical analysis

Based on a similar study, (Evensen et al. 2016) the sample size
was determined using the G�Power 3.1.9.2 (Kiel University,

Kiel, Germany), and the minimum number of pregnant women
with PGP for each group was calculated as 32 (0.07 effect size,
a¼ 0.05, 85% power). Sixty-seven pregnant women were eval-
uated against the possibility of dropout rate, and the study
was completed with a total of 67 pregnant women.

In this study, all statistical analyses were performed using
IBM SPSS for Windows (Version 22.0. Armonk, NY:IBM Corp.).
The level of significance was set at p� .05. Descriptive statis-
tics (mean and standard deviation) were used to describe the
groups. The normal distribution of the data was examined
using the Shapiro–Wilk test. Data were also examined and
accepted as being sufficiently normal if the skewness and
kurtosis were within the range of �2 to þ2. The independent
t-test was used for between-group comparisons for normally
distributed data, and the Mann–Whitney U test was used for
assessing data that did not show normal distribution. The dif-
ference between qualitative/categorical variables was ana-
lysed using the Pearson Chi-Square test (v2). Fisher’s Exact
Test was used when the v2 test was not valid based on the
observed and expected values.

Results

The relationship between the presence of GDM and the pres-
ence of PGP was found to be significant (p¼ .043). The distri-
bution of the pregnant women in terms of the presence of
GDM and PGP and the number of pregnancies is shown in
Figure 2.

Although the groups were similar in terms of height,
weight, weight gain during pregnancy, pre-pregnancy/preg-
nancy BMI, and gestational week, age (p¼ .005) and the
number of pregnancies (p¼ .032) were found to be signifi-
cantly different between the groups (Table 1).

Only three pregnant women were found to have smoked
before pregnancy (1 from Group 1; 2 from Group 2). It was
determined a total of 7 pregnant women (n:4 in Group 1; n:3
in Group 2) had experienced PGP in a previous pregnancy.

Figure 1. Flowchart of the study.
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The blood sugar of all pregnant women with GDM was regu-
lated (by diet, n: 23; by insulin, n:9).

It was determined that % distribution and pain intensity
on PGP provocation tests with positive findings were similar
between the groups (p> .05) (Table 2).

P-ADL and P-PSS values did not differ significantly
between the groups (p> .05). The difference between the
groups in PGQ total and subscale scores was not found to be
significant (P> .05) (Table 3).

Discussion

In the present study, we investigated the effect of GDM on
the development of PGP and its symptom severity and found
that GDM may trigger the development of PGP but had no
effect on symptom severity.

The fact that pregnancy-related characteristics were gener-
ally similar between the groups has shown that the risk fac-
tors that may lead to the development of PGP have no
distinctive effect on the outcome. There are different opin-
ions on the effect of the number of pregnancies, which dif-
fered significantly between the groups, on the development
of PGP. The consensus is that the number of pregnancies
does not pose a risk factor for the development of PGP (Wu
et al. 2004; Albert et al. 2006; Vleeming et al. 2008; Walters
et al. 2018)

The presence of a relationship between inflammation and
insulin resistance has been established. Although low-grade
inflammation is present in normal pregnancy (Barbour et al.

2007), TNF-a and IL-6, the major biological markers of inflam-
mation, were found to be significantly increased in pregnant
women with GDM (Nergiz et al. 2014; Korkmazer and Solak
2015) Similarly, it has been reported that increased mechanical
stress on the joints stimulated cytokine release (IL-1b, IL-6, and
TNF-a) (Stannus et al. 2010) and a low-grade inflammatory
process progresses and increases pain sensitivity following
microtrauma (Pinho-Ribeiro et al. 2017). In this study, although
PGP was observed in 30% of pregnant women with normal
glucose levels, it was observed in 45% of pregnant women
with GDM, suggesting that the inflammatory process caused
by GDM combined with microtrauma-derived inflammation
and related to the PGP manifestation. The significant correl-
ation between the presence of GDM and the presence of PGP
in this study supports this conclusion. Both the findings have
confirmed our first hypothesis.

When the BMI values of the groups were examined, both
the groups were found to be in the overweight
(GDMþ:27.07 ± 5.21; GDM�:25.55 ± 5.53/25� 29.9) category
before pregnancy; however, during pregnancy, the second
group maintained its overweight (29.65 ± 4.87/25–29.9) status,
but the GDM group shifted the obesity category
(30.94 ± 5.72/30� 34.9) (Kim et al. 2010). It has been reported
that stress conditions, such as obesity, cause an elevation in
the number of macrophages that secrete pro-inflammatory
cytokines (TNF-a, IL-6, IL-1b) in the adipose tissue; decrease the
release of adiponectin, an anti-inflammatory marker; and stimu-
late insulin-sensitivity (Galic et al. 2010) Tashani et al. (2017)
found that obese people were more sensitive to blunt pressure

Figure 2. Distribution of pregnant women.
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pain than non-obese people. It has been reported that obesity
increases nociceptor sensitivity by stimulating the release of
pro-inflammatory markers (McVinnie 2013). From this point of
view, the higher rate of PGP in the GDM group may also be a
result of the obesity-associated inflammatory process in
this group.

Considering the inflammatory processes associated with
pregnancy, obesity, and GDM, the severity of pain in PGP
provocation tests were expected to be higher and, accord-
ingly, the degree of difficulty in daily living activities would
be higher in pregnant women with GDM. However, the find-
ings do not confirm our hypothesis at this point. Both the
groups declared that they could not participate in physical
activity due to PGP, which shows that they did not benefit
from the exercise-induced reduction in pro-inflammatory
markers (Hayashino et al. 2014; Woodside and Bradford
2021). On the other hand, the implementation of a nutrition
program in the GDM group following the diagnosis may
have resulted in a decrease in the severity of pain by causing
a decrease in the rate of secretion of inflammatory markers
until the study period.

This study has some limitations. We are of the opinion
that studies with a larger sample size will produce more
comprehensive results in detecting the effect of GDM on the
occurrence of PGP. In addition, the evaluation of pregnant
women for PGP before administering interventions, such as
exercise and diet (both decrease the pro-inflammatory

markers), following the diagnosis of GDM and the measure-
ment of plasma anti- and pro-inflammatory marker values in
the same time period will further reveal the relationship
between GDM and PGP. Measuring the pressure-pain thresh-
old in palpation provocation tests with a digital algometer
will provide more objective data on the impact of GDM on
nociceptor sensitivity.

In conclusion, although GDM has no effect on symptom
severity, it has been determined that it may relate the devel-
opment of PGP. Therefore, early interventions (nutrition, exer-
cise, belt using, etc.) and close antenatal supervision of
pregnant women at risk in view of PGP are recommended
to prevent the development of PGP in pregnant women with
a family history of diabetes, with previous diagnosis of dia-
betes and/or with GDM detected in their previous
pregnancies.

Ethical approval

The study was approved (03.02.2021/31) by the Ethical Committee of
Zeynep Kamil Women and Paediatric Training and Research Hospital and
all participants provided written informed consent.

Disclosure statement

No potential conflict of interest was reported by the author.

Table 1. Demographic and descriptive characteristics of the participants.

Groups
Age (year)
mean ± SD

Height (cm)
mean ± SD

Weight (kg)
mean ± SD

W.G. (kg)
mean ± SD

Pre-BMI kg/cm2

mean ± SD
BMI kg/cm2

mean ± SD
Parity Num.
mean ± SD

Preg. Week
mean ± SD

Group 1 (n:32) 31.41 ± 5.47 161.57 ± 6.53 80.90 ± 15.90 10.68 ± 7.31 27.07 ± 5.21 30.94 ± 5.72 2.72 ± 1.32 32.47 ± 3.67
Group 2 (n:35) 27.71 ± 5.02 161.58 ± 6.05 76.62 ± 14.91 10.48 ± 4.84 25.55 ± 5.53 29.65 ± 4.87 2.03 ± 1.24 29.97 ± 6.53
P 0.005 0.995 0.260 0.894 0.266 0.338 0.032 0.056

Group 1: GDM(þ), PGP(þ); Group 2: GDM(�), PGP (þ); GDM: Gestational Diabetes Melllitus; W.G: Weight Gain.
BMI: Body Mass Index; Parity Num: Parity Number; Preg. Week: Pregnancy Week; P: Independent T test. P� .05.

Table 2. Frequency and pain intensity of positive response tests of participants.

Parameters Side

Group 1 (n:32) Group 2 (n:35)

P P�% Mean ± SD % Mean ± SD

Pelvic Pain Provacation (P4) Test Right 62.5 3.68 ± 2.08 51.4 4.56 ± 2.52 .461 .259
Left 46.9 4.64 ± 2.30 62.9 4.45 ± 2.24 .225 .809

Patrick Faber Test Right 46.9 3.50 ± 2.24 31.4 4.00 ± 2.14 .219 .578
Left 34.4 3.40 ± 1.83 51.4 3.89 ± 2.13 .218 .549

Modifiye Trendelenburg Test Right 31.3 4.67 ± 1.50 32.4 4.64 ± 2.61 1.000 .976
Left 40.6 4.92 ± 2.57 38.2 4.38 ± 2.72 1.000 .620

Active Straight Leg Rise Test Right 34.4 1.00 ± 1.36 45.7 1.20 ± 1.15 .455 .519
Left 37.5 1.19 ± 1.27 25.7 0.82 ± 1.04 .430 .206

Symphsis Pubis Palpation Test – 34.4 4.64 ± 2.29 37.1 3.42 ± 2.23 1.000 .211

Group 1: GDM(þ), PGP(þ); Group 2: GDM(�), PGP (þ); GDM: Gestational Diabetes Melllitus; P: Chi-Square; P�: Indepented T test; p� .05.

Table 3. Pain intensity and PGQ scores of participants.

Parameters

Group 1 (n:32) Group 2 (n:35)

PMean ± SD/Median (min-max) Mean ± SD/Median (min-max)

P-DLA 6.06 ± 2.60 5.23 ± 2.78 .211
P-PSS 8 (0–10) 7 (4–10) .569�
PGQ-Activity (%) 51.82 ± 18.24 57.10 ± 16.10 .216
PGQ-Symptoms (%) 62.29 ± 19.93 55.68 ± 17.59 .158
PGQ-Total (%) 54.00 ± 17.71 57.21 ± 15.89 .440

Group 1: GDM(þ), PGP(þ); Group 2: GDM(�), PGP (þ); GDM: Gestational Diabetes Melllitus.
P-DLA: Pain-Daily Life Activities; P-PSS: Pain-Prolonged Sitting/Standing; PGQ: Pelvic Girdle Questionnaire.
P: Independent T test; �: Mann Whitney U test; p� .05.
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