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ABSTRACT. Gestational diabetes is a genetic multifactorial systemic 
disease that has been extensively studied. Consequently, there is a 
large volume of scientific literature pertaining to genes associated with 
gestational diabetes. The aim of this study was to characterize the main 
trends in scientific publications focusing on the associations between 
genetic polymorphisms and gestational diabetes mellitus (GDM). The 
related articles were extracted from Scopus using the key words “genetic 
polymorphism” and “gestational diabetes mellitus”; the collected data 
focused on various fields (medical, biochemical, etc.) and included 
papers published within December 2013. One hundred and eighty-three 
relevant articles published between 1987 and 2013 were identified; we 
observed a significantly increasing trend in the number of publications 
pertaining to GDM. A majority of the articles focused on the medical 
(59.9%), biochemical, and genetics and molecular biological (29.6%) 
aspects of the disease. The genes coding for transcription factor 7-like 
2 and glucokinase (TCF7L2, 29% and GCK, 28%) were predominantly 
studied and reported. This study helped quantify the growth in research 
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pertaining to GDM; researchers from the USA have published a majority 
of the publications related to GDM. Several candidate genes have 
been linked to diabetes; however, the specific gene locus responsible 
for GDM has not yet been identified. The results of this study could 
help determine the orientation of future research on genetic factors 
associated with GDM.
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INTRODUCTION

Diabetes mellitus (DM) is a group of metabolic diseases characterized by 
hyperglycemia resulting from defects in insulin secretion and/or insulin action. Various micro- 
and macrovascular alterations are among the long-term complications of DM (ADA, 2012). 
Recent studies have attempted to elucidate the genetic basis of this disorder; in most cases, 
DM is believed to be multifactorial, caused by both genetic and environmental factors (Hirata 
and Hirata, 2006). Changing eating habits and a sedentary lifestyle, combined with genetic 
determinants, play important roles in the pathogenesis of this disease (Bougnères, 2002; 
Veloso, 2005).

Diabetes mellitus is a disease with a high degree of prevalence worldwide, affecting 
over 150 million people (Takaku et al., 2006). In Brazil, 7.6% of the population aged 30-
69 years are believed to have DM; approximately 50% of these people are unaware of their 
diagnosis, while 24% do not undergo any kind of treatment. Chronic complications are the 
major factor influencing morbidity and mortality in diabetic patients (Gross and Nehme, 1999).

The vast majority of diabetic patients are classified into one of two broad categories: 
type 1 diabetes mellitus (caused by an absolute deficiency of insulin) and type 2 diabetes 
mellitus (characterized by the presence of insulin resistance, with an inadequate compensatory 
increase in insulin secretion). In addition, women who develop diabetes during their pregnancy 
are diagnosed with gestational diabetes. Additionally, there are some uncommon and diverse 
types of diabetes, such as maturity onset diabetes of the young (MODY) and mitochondrial 
diabetes (Gross et al., 2002; Thomas and Philipson, 2015).

Gestational diabetes mellitus (GDM) is identified by glucose intolerance with onset 
or first recognition during pregnancy; this occurs when unrecognized glucose intolerance is 
antedated or begins concomitantly with pregnancy (Basso et al., 2007). The pathology of 
GDM includes an increase in counter regulatory hormones of insulin, physiological stress 
caused by pregnancy, and genetic or environmental factors. This occurs in 2-3% of pregnant 
women; in most of these cases, there is a reversal of diabetic state to normal glucose tolerance 
after pregnancy. However, 17-63% of the resulting infants are at a high risk of developing type 
2 diabetes mellitus 5-16 years after childbirth (Hanna and Peters, 2002).

GDM prevalence occurs at a range of 1-14% of pregnant women, depending on the 
population studied. GDM is the major cause of diabetes-related pregnancy complications 
(nearly 90%), and is associated with an increase in perinatal morbidity and mortality (Coustan, 
1995; Gilmartin et al., 2008). In Brazil, GDM occurs at a frequency of 3-13% among all 
pregnancies (SBD, 2009). The major hormone related to insulin resistance during pregnancy 
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is lactogen placental hormone; other hyperglycemic hormones, including cortisol, estrogen, 
progesterone, and prolactin are also involved (ADA, 2005).

According to Kwak et al. (2012), knowledge regarding the genetic risk loci for GDMre-
mains rather limited. Among the known type 2 diabetes-related genes, those that are thought to 
modulate pancreatic β-cell function were preferentially associated with GDM (CDKAL1, MT-
NR1B, IGF2BP2, CDKN2A/2B, SLC30A8, IDE, KCNQ1, and CENTD2). These findings sup-
port the previous theory that the use of defective pancreatic β-cell compensation to overcome 
increased insulin resistance during pregnancy might be the core pathophysiology of GDM.

The recent advances in research and scientific methods, and their related literature, 
have led to a corresponding increase in the use of scientometric methods (Mugnaini et al., 
2004; Vanti, 2002). These quantitative methods are used to study scientific activities, including 
the production or communication of these activities (Bufrem and Prates, 2005). The analysis 
of scientific production in a given area generates instruments to guide policies and programs 
for investments in technology, science, and health (Holbrook, 1992). The aim of this study 
was to characterize the tendency of scientific production to focus on genetic polymorphism in 
gestational diabetes mellitus, using scientometric analysis.

MATERIAL AND METHODS

This study is a quantitative description of scientific production using related scientific 
articles from Scopus. Scopus is the largest abstract and citation database of peer-reviewed 
literature belonging to Elsevier. It includes several search tools to track, analyze, and visualize 
articles providing sufficient information to researchers to base their projects on, be it basic, 
applied, or technical research and innovation (SCOPUS, 2012).

Scientific articles were extracted from SCOPUS between October and November 
2013 using the key words “genetic polymorphism” and “gestational diabetes”. The options 
“all fields” and “all publications to date” were applied to the specialized areas “life sciences”, 
“health science”, and “physical sciences”. Asterisks were used to extract articles using 
derivations of the keywords. The abstracts of all selected articles were thoroughly scrutinized, 
and some pertinent information, such as the year of publication, specialized subject area of 
the journal, journal name, the country of nationality of the first author, studied genes, and 
significant correlation between gene polymorphism and GDM, were recorded.

The obtained data were analyzed using the Spearman correlation test, and the 
significance level was set at P ≤ 0.05. The data were analyzed using Bioestat 5.0 (Ayres et 
al., 2007).

RESULTS AND DISCUSSION

We identified 183 scientific articles published between the years 1987 and 2013. 
According to Figure 1, the number of publications increased over time (P < 0.0001), with the 
maximum number of 22 articles being published in 2012. The progressive growth of scientific 
knowledge was positively related to the increase in number of articles, used as a measure to 
quantify the progress and development of science and to assess the impact of productivity and 
research activity (Verbeek et al., 2002). The increase in number of publications could be attributed 
to the availability of publications, research, and projects on the Internet (Hey et al., 2009).
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Medicine is the major subject area incorporated in a majority of the articles regarding 
GDM, corresponding to 59.9%; however, this field only focuses on the pathology, diagnosis, and 
treatment of GDM. The biochemistry, genetics, and molecular biology fields (29.6%) address the 
pathological, biochemical, and genetic causes of disease. The biological and agricultural sciences 
account for approximately 2.9% and <2%, and are therefore minor fields of study addressing the 
topic of interest (Figure 2). The approach with which GDM is handled in these fields is a reflection 
of the interaction between researchers from different areas of expertise, providing a broad view 
of its structure and dynamics (Newman, 2003). Interactions between researchers from different 
fields result in the effective evaluation and promotion of science and technology, since it focuses 
on producing a large number of publications of high quality (Balancieri et al., 2005; Kim, 2006).

Figure 1. Number of articles published during the period 1987-2013.

Figure 2. Distribution of the percentage of articles within the different areas of knowledge for gestational diabetes mellitus.
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So far, the journal Diabetes has published the highest number of articles (21) focusing 
on genetic polymorphisms in GDM, followed by Diabetes Research and Clinical Practice, 
Diabetologia, and the Journal of Clinical Endocrinology and Metabolism (8 each; Figure 3). 
According to Macias-Chapula (1998), science should be recognized as a broad social system 
with a function of disseminating knowledge, giving credit and recognition to those whose 
research contributes to the development of ideas in different fields of knowledge.

Figure 3. Journals that most published articles involving gestational diabetes mellitus.

Researchers from the USA published the highest number of articles (43; 19%) from 
among the 39 countries with publications pertaining to the subject of interest, followed by 
England with 30 articles (13%; Table 1). The large number of publications from researchers 
from the USA reflects the country’s attitude, infrastructure, and investment into scientific 
research. Currently, scientific activity is highly concentrated in industrialized countries, with 
developing countries facing difficulties in conducting work in specific areas, because of the 
need for advanced equipment (Carneiro et al., 2008). Brazil, with 5 published articles, was at 
position 15 compared to other countries; this is an optimistic trend, as most countries have 
no more than 1, 2, or 3 articles pertaining to genetic polymorphisms in GDM. The Brazilian 
scientific community has grown considerably over the last two decades, which is reflected in 
the number of publications; however, it remains far behind the professed first-world countries 
with regard to knowledge pertaining to GDM, as well as other fields of knowledge (Leta and 
Chaimovich, 2002).

Twenty-five of the 183 analyzed articles pertained to aspects related to the pathology, 
epidemiology, diagnosis, treatment, and psychology of GDM; the remaining (158) reported 
on genetic polymorphisms related to GDM. A majority of these (141/158; 89%) identified one 
or more genes that were significantly associated to GDM, while the remaining (17/15; 11%) 
reported no significant associations between genetic polymorphism and the pathology of GDM 
(Figure 4). The large number of articles describing genes related to GDM reflects the extensive 
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research conducted to promote and broaden the knowledge pertaining to the pathophysiology 
of diabetes over the past few decades, wherein a number of genetic polymorphisms associated 
with different types of diabetes, including GDM, have been described (Tang et al., 2012).

Table 1. Number (N) and percentage (%) of countries with ten or more publications pertaining to gestational 
diabetes mellitus.

Country N %
The United States of America 43 19
The United Kingdom 30 13
South Korea 12 5
China 11 5
France 11 5
Finland 10 4
Others 110 48
Total 227 100

The 141 scientific articles reporting a significant correlation between the expression of 
certain genes and GDM studied a total of 90 different genes (Table 2). The transcription factor 
7-like 2 (TCF7L2) gene has been studied the most, with 17 articles (29%) analyzing this gene. 
This gene was found to increase the risk to type 2 DM by 1.7 times; recent studies have also 
suggested that this gene is involved in the secretion of insulin, as its suppression promotes a 
reduction in hormone secretion (Shu et al., 2008). TCF7L2 gene polymorphisms were also 
strongly associated with GDM in a recent systematic review published by Zhang et al. (2013).

Figure 4. Frequency of articles that presented significant association with gestational diabetes mellitus and genetic 
polymorphisms.
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The glucokinase (GCK) gene, reported in 16 articles (28%), is responsible for glucose 
metabolism, with mutations resulting in an impairment of glucose metabolism in beta cells, 
in turn down-regulating the expression of insulin and hepatic metabolism of glucose (Hirata 
and Hirata, 2006). A recent study in Scandinavian women showed that a polymorphism in the 
rs1799884 locus of GCK was associated with GDM (Shaat et al., 2006).

The KCNJ11, CDKAL1, and MTNR1B genes, coding for the potassium inwardly 
rectifying channel (subfamily J, member 11), kinase 1 cyclin dependent (rs7754840), and 1b 
melatonin receptor (rs10830963), were studied in seven articles each (12%). Polymorphisms 
in the KCNJ11 gene were associated with high risk of DM2, resulting in hyperglycemia due to 
the improper response of the body to the insulin secreted by beta cells. Shaat and Groop (2007) 
analyzed the effect of polymorphisms in the genes coding for proteins involved in potassium 
channel mechanisms, and discovered that the polymorphism E23K in the KCNJ11 gene is a 
predictor of GDM in Scandinavian women.

The SNP rs5945326 in CDKAL1 was associated with DM2 in different populations 
(Scott et al., 2007). The strong genetic correlation between DM2 and GDM led to the evaluation 
of this polymorphism in gestational diabetes. Accordingly, Kwak et al. (2012) reported a 
correlation between this polymorphism and GDM in a Korean population; however, this must 
be validated in other populations.

A study pertaining to the functional interaction of the hormone melatonin via the 
MTNR1B receptor (coded by the MTNR1B gene) discovered that melatonin induces a decrease 
in the secretion of insulin by pancreatic beta cells; consequently, this hormone was associated 
with the pathogenesis of diabetes. Additionally, polymorphisms in the MTNR1B gene were 
associated with increased risk of DM2. Moreover, an association was observed between the 
rs10830963 polymorphism and GDM in different populations; however, this must be further 
validated in other populations (Kim et al., 2011).

The PPAR and ADRB3 genes, coding for the proliferator-activated receptor 
peroxisome and b3-adrenergic receptor encoder, were analyzed in 6 articles (10%). PPAR 
is a transcription factor belonging to a family of nuclear receptors that regulate glucose 
homeostasis, lipid metabolism, and inflammation (Tavares et al., 2007). A recent study of 
PPAR gene polymorphisms in 136 pregnant Korean women identified a positive correlation 
between the two (Chon et al., 2013). Another study associated polymorphisms in the ADRB3 
gene with a predisposition to GDM (Shaat and Groop, 2007).

This analysis revealed that publications pertaining to GDM have increased gradually 
over the past 27 years. A majority of these articles primarily deal with the medical aspect of 
GDM; developed countries, such as the USA and UK, have performed considerable research 
on this subject, and the journal Diabetes, specializing in this field, has published the highest 

Table 2. Genes associated with gestational diabetes mellitus analyzed in two or more studies.

Genes studied N %
TCF7L2 17 29
GCK 16 28
KCNJ11 / CDKAL1 / MTNR1B 7 12
PPAR / ADRB3 / ACE 6 10
IFG2BP2 / KCNQ1 / TNF-α / PPARG / SUR1 5 9
IRS1 / IFG-I 4 7
IFG2 / PAI-I / HNF1A 3 5
Total 58 100
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number of articles pertaining to GDM. A majority of studies have identified a significant 
association between genetic polymorphisms and GDM; in this regard, polymorphisms in 
the TCF7L2 gene have been extensively analyzed. The results of this study could contribute 
towards determining the orientation of future research pertaining to the genetic factors 
associated with GDM.
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