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Abstract: Gestational diabetes mellitus (GDM) is defined as “glucose intolerance that is first diagnosed
during pregnancy”. Mothers with GDM and their infants may experience both short and long term
complications. Dietary intervention is the first therapeutic strategy. If good glycaemic control is not
achieved, insulin therapy is recommended. There is no consensus on which nutritional approach
should be used in GDM. In the last few years, there has been growing evidence of the benefits of a low
glycaemic index (LGI) diet on diabetes and cardiovascular disease. The effect of a LGI diet on GDM
incidence has been investigated as well. Several studies observed a lower incidence of GDM in LGI
diet arms, without adverse maternal and fetal outcomes. The main positive effect of the LGI diet was
the reduction of 2-h post-prandial glucose (PPG). Several studies have also evaluated the effect of the
LGI diet in GDM treatment. Overall, the LGI diet might have beneficial effects on certain outcomes,
such as 2-h PPG, fasting plasma glucose and lipid profile in patients with GDM. Indeed, most studies
observed a significant reduction in insulin requirement. Overall, according to current evidence, the
LGI nutritional approach is safe and it might therefore be considered in clinical care for GDM.

Keywords: gestational diabetes mellitus; GDM; low glycaemic index; low glycaemic load; low
glycaemic index diet; low-GI diet; LGI diet; incidence of GDM; GDM outcomes

1. Introduction

Gestational diabetes mellitus (GDM) is defined as “diabetes diagnosed in the second or third
trimester of pregnancy that was not clearly overt diabetes prior to gestation” [1]. Contextually with
the dramatic spread of obesity and type 2 diabetes (T2D), the prevalence of GDM has significantly
increased over the last few years. The prevalence of this condition depends largely on ethnicity and it
is also related to the criteria employed for diagnosis [2].

Physiologically, during pregnancy insulin sensitivity progressively decreases until the second
trimester, declining by 50%–60% compared with pre-pregnancy values [3]. Insulin sensitivity is
influenced by the increase in adipose tissue, and by the release of hormones, such as estrogens and
progesterone, or placental factors, such as human placental lactogen (hPL) [3]. In particular, hPL has
a lipolytic effect, leading to the rise in circulating fatty acids. Consequently, maternal metabolism is
shifted towards a greater use of lipids rather than glucose as an energy source, which is necessary
to give the fetus an adequate glucose reserve [3]. Insulin resistance develops as a consequence of
high maternal circulating fatty acids [3]. Contextually, insulin secretion is implemented to balance
peripheral insulin resistance. However, if the increase in pancreatic β-cell secretion is not able to
compensate insulin resistance, diabetes occurs [4]. Moreover, physiological pregnancy is characterized
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by low grade inflammation, which is exacerbated in GDM. Thus, insulin resistance might develop
from this pro-inflammatory state [5].

The main risk factors for GDM are pre-pregnancy body mass index (BMI) in the range of
overweight or obesity, high maternal age, and first degree family history of T2D [6,7].

GDM may lead to several adverse pregnancy outcomes. Indeed, mothers affected by GDM have a
high prevalence of gestational hypertension and preeclampsia. The incidence of caesarean section
in GDM patients is considerably higher than in normal pregnancies, as well as the occurrence of
obstetrical complications, such as preterm delivery, dystocia, acute respiratory distress syndrome,
neonatal jaundice, and neonatal hypoglycemia [8,9]. Besides short-term complications, women with
previous GDM are at increased risk for GDM recurrence, T2D, cardiovascular disease (CVD), and
hypertension. Furthermore, it has been observed that even the offspring of mothers with GDM has
increased risk of obesity, insulin resistance, and T2D later in life [10].

As for diagnosis, a single-step approach has been proposed by the International Association of
the Diabetes and Pregnancy Study Groups (IADPSG), which consists of performing an oral glucose
tolerance test (OGTT) with 75-g of glucose and assessing fasting, 1 h and 2 h glycaemia. A single
value higher than the cut-off value at any time of the OGTT is sufficient to establish the diagnosis [11].
The IADPSG criteria have been developed after the results of the Hyperglycemia and Adverse
Pregnancy Outcome (HAPO) study, a multinational prospective study of 25,000 pregnant women,
which observed that high glucose levels were significantly associated with increased risk of maternal
and fetal complications [12].

The treatment of GDM is aimed to achieve normal levels of fasting plasma glucose (FPG) and
post-prandial glycaemia (PPG) in order to prevent complications. Indeed, high glucose levels, especially
postprandial elevations, are linked to negative pregnancy outcomes [13]. The first therapeutic approach
consists of dietary and lifestyle education. However, insulin therapy is mandatory unless good
glycaemic control is achieved [14]. Medical nutritional therapy should provide adequate nutrients for
normal fetal growth, but it should not induce maternal weight gain or loss [15]. Gestational weight gain
is largely due to excessive energy intake and fuel requirements usually increase from 10 to 30 weeks of
gestation [16]. Caloric restriction is not recommended during pregnancy, even in GDM, because it may
have adverse effects on birth weight. Advice for energy intake, as well as for weight gain, should take
into account pre-pregnancy BMI [16,17]. As yet, there is no consensus on which specific nutritional
approach should be used in GDM, in terms of total energy intake and macronutrient distribution [18].

This paper provides a brief overview on medical nutritional therapy in GDM, with a specific focus
on the low glycaemic index (LGI) diet approach. To date, although several studies and meta-analyses
have been performed, their results are not univocal and the LGI diet is still a debated topic in GDM.
The most recent findings on this issue have been discussed and compared. In addition, the main limits
of the latest studies and meta-analyses have been indicated.

2. Carbohydrates, Glycaemic Index, and Glycaemic Load

Carbohydrates (CHOs) are an important source of energy, but they increase PPG more than other
macronutrients [19]. Since a proportion higher than 55% of CHO in diet is associated with elevations
in PPG [20], moderation of CHO intake is reasonable in GDM. However, restriction of CHO is not
mandatory to reduce PPG. The decrease in the rate of CHO digestion and absorption is effective
in preventing PPG abnormal elevations. Not only is blood glucose influenced by the total amount
of CHOs, but it is also affected by the type of CHO. CHO polymer length influences digestion and
absorption, and consequently might prevent the elevations of glycaemia after meals.

Glycaemic response (GR), glycaemic index (GI), and glycaemic load (GL) are measures of the
effect of different foods on glycaemia [21]. When a food containing CHO is ingested, the PPG variation
induced is the GR [21]. “Available CHO” is the amount of CHO that goes through digestion, absorption,
and metabolism. The GR induced by a portion of food containing 50 g of available CHO is the GI,
which represents a percentage of the GR induced by 50 g of the reference CHO (generally glucose
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or white wheat bread) [21,22]. For instance, rice and potatoes are considered high GI foods, as they
induce a rapid increase in glycaemia, which subsequently drops sharply. On the contrary, fruits and
dairy are considered LGI foods, since they contain CHOs which are digested slowly and induce lower
PPG elevations [16,21,22]. High GI foods have a GI ≥70 on the glucose scale and contain CHOs which
are digested, absorbed and metabolized sharply. Whereas LGI foods have a GI ≤55 and are digested,
absorbed and metabolized slowly. Thus, GI is a standardized measure of GR, defined by a standardized
amount of CHO and it is relative to a reference food. It can also be considered as an indicator of the
quality of CHO. The GL is a measure of both the quality and the amount of CHOs. It is calculated by
multiplying the GI by the quantity of available CHO in a given amount of food (“GL = GI x available
CHO/given amount of food”) [21]. The glycaemic effect of whole diets, meals, and foods can be easily
compared on the basis of their GL [21,23].

The GI was defined for the first time many years ago by Jenkins et al. [24]. The International
Organization for Standardization has developed the reference method, which is still valid [21,25],
and international tables indicating the GI of foods are available [26]. Besides the adoption of GI for
single foods classification and comparison, the use of GI has spread to mixed meals and entire diets as
well. Indeed, meal and dietary GI employed in clinical trials and in clinical setting are obtained by
calculating the weighted mean of the GI of each food, considering the proportion of CHO contained in
them [27].

In addition, the content of dietary fibers (DF), plant-based CHO that are not digestible, is another
important indicator of the quality of diets. DF contained in fruits, vegetables, and legumes are soluble.
Soluble DF slow digestion, reduce PPG, and cholesterol absorption. Insoluble DF are contained in
nuts, wholegrain bread, and cereals. Cooked potato and rice contain resistant starch [16]. Insoluble DF
and resistant starch have limited metabolic actions [23].

3. LGI Diets and Risk of GDM

In the last 30 years there has been growing evidence of the benefits of the LGI diet not only on
weight reduction and body composition but also on diabetes, CVD, and cancer. LGI food produces
lower PPG increase, prevents the excessive rise in post-prandial insulin, and it might also induce
satiety. All these effects may contribute to weight loss [28].

Besides weight reduction, in epidemiological studies the LGI diet was associated with a lower
risk of T2D, CVD, and cancer, mainly breast and colorectal neoplasms [29–31]. Furthermore, in clinical
studies, the LGI diet had positive effects on glycaemic control in diabetes, lipid profile, and other CV
risk factors [31–34]. The mechanisms behind these beneficial effects remain not completely understood,
but they might include slow absorption of CHOs and improvement even in novel cardiovascular risk
factors, such as chronic inflammation.

A growing amount of research has focused on the effects of the LGI diet on the incidence of
GDM as well. The ROLO study (“randomized control trial of low glycaemic index diet versus no
dietary intervention to prevent recurrence of fetal macrosomia”) enrolled 800 women with previous
macrosomia (infant >4 kg). In this study, women in the LGI diet group experienced significantly lower
weight increase during pregnancy than women in the control group. Although the incidence of large
for gestational age (LGA) infants was not influenced by the intervention diet, the incidence of glucose
intolerance was lower in the LGI arm. Indeed, a lower percentage of mothers had fasting glycaemia
≥92 mg/dL or 1-h glucose at OGTT ≥140 mg/dL [35]. Later, the same authors performed a secondary
analysis of 621 participants. A lower increase in circulating levels of insulin was observed from the
beginning of pregnancy to 28 weeks of gestation, in women in the intervention group, although no
differences were found between the two groups in maternal and fetal adipokines and inflammation
markers (tumor necrosis factor α, interleukin 6, leptin) [36]. A further analysis of 542 mothers and
babies previously involved in the ROLO study indicated a positive association between neonatal
central adiposity and the LGI group [37].
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In the GI Baby 3 Randomized Controlled Trial (RCT), Markovic et al. enrolled 139 women at
high risk for GDM, between 14 and 20 weeks of pregnancy. The treatment arms were either an LGI
diet with a target GI around 50 (72 women), or a conventional moderate-GI high DF diet, with a
target GI around 60 (67 women). At 36 weeks, no differences in glycosylated hemoglobin (HbA1c)
as well as in lipids, birth weight, percentage of fat of infants, and incidence of GDM were observed.
In a subsequent prospective study, including a selection of 59 mothers and infant pairs (30 from the
LGI group and 29 from the high-fiber group), infants had lower birth weight and length in the LGI
group than in the high-fiber group. However, growth curves and fat mass from birth to 1 year of age
were not significantly different. Notably, in the LGI group, babies had a significantly lower aortic
intima-media thickness than in the high-fiber group. Even though subjects involved in the follow-up
study were different from those initially assigned to the study, and although the follow-up study was
under-powered in detecting differences in fat mass, these results suggest that GI might have an effect
on the offspring vascular health [38].

A meta-analysis of 11 randomized controlled trials (1985 women) showed a significant reduction
in FPG, 2-h PPG, and in the percentage of LGA in the LGI diet arm than in the control arm. Birth
weight and weight increase during pregnancy were lower in the LGI arm, but not significantly, and the
heterogeneity was high in gestational weight gain and birth weight analyses, probably due to different
methods of intervention and control treatment, characteristics of participants, criteria for diagnosis of
GDM. However, these data show that the LGI diet may improve several maternal metabolic outcomes,
without negative effects on the infant [39].

Interestingly, total CHO intake in diet seems to be less important than CHO quality (DF content,
GI, GL) in prevention of GDM. The Australian Longitudinal Study on Women’s Health aimed to
investigate the relationship between the amount and the quality of pre-pregnancy CHOs in diet and
the risk of developing GDM [40]. A total of 3607 women (25–30 years) were enrolled and followed
up for a 10-year period. The low CHO diet score referred to high fat, high protein, and low CHO
relative content. Paradoxically, this score and the risk of GDM were found to be positively correlated.
However, the risk of GDM was reduced by 33% in women with the highest DF intake. The amount of
fruits was negatively associated with GDM as well, whilst a high cereal content was a risk factor for
GDM. Thus, it is crucial to take into account not only the quantity but also the source of CHO in diet,
in terms of fiber content, GI, and GL.

Overall, it seems that clinical phenotypes with increased insulin resistance and therefore with
high post-prandial insulin, higher BMI, or waist circumference, especially in the presence of diabetes,
might benefit the most from the LGI diet. Several studies have indicated a lower incidence of GDM in
pregnant women in LGI diet arms, without adverse maternal and fetal outcomes. The main positive
effect of the LGI diet was found to be the reduction of 2-h PPG. Nevertheless, considering the high
heterogeneity between studies in population characteristics, outcomes, intervention, and control
treatment, and the relative limited number of studies considered in meta-analyses, further research
should confirm these findings. Finally, the exact effect of DF content in the LGI diet in preventing GDM
has not been elucidated so far.

4. LGI Diet and Pregnancy Outcomes in GDM

The efficacy of the LGI diet in GDM has been evaluated in several RCT and meta-analyses. Moses
et al. performed an RCT, involving 63 GDM women. The treatment arms were either an LGI diet (31)
or a standard high-fiber diet, with higher GI (32), and patients were followed from 28–32 weeks of
pregnancy until delivery. A significantly lower percentage of patients required insulin treatment in the
LGI diet arm than in the high-GI diet arm (29% vs. 59% respectively, p = 0.023). However, among the
women needing insulin, a proportion of 47% avoided it by shifting to an LGI intervention. Obstetric
and fetal outcomes, such as type of delivery, birth weight, length, cranial circumference, and Apgar
index did not differ between the two groups. Notably, fiber intake, which may act as a confounding
factor in evaluating the potential advantages of the LGI diet, was similar in both groups [41].



Nutrients 2019, 11, 1549 5 of 9

Hu et al. performed an RCT, randomizing 140 women with GDM to either the LGI diet (66)
or normal diabetic control diet (74). In the LGI diet group rice was replaced by an LGI food in the
principal meals. Remarkably, PPG levels were significantly lower in the LGI group than in the control
group, although the two arms had similar total energy and CHO content [42].

Similarly, the LGI diet induced a decrease in FPG and 2-h PPG in an RCT involving 95 Chinese
patients with GDM, assigned either to general dietary intervention or intensive LGL intervention,
from 24–26 weeks of pregnancy until delivery. Total cholesterol, triglycerides, and HDL-cholesterol
significantly improved in the LGI arm. No significant differences in other outcomes emerged between
the two groups. However, since the DF intake was significantly greater in the intervention arm, the
effects of the LGI and the high DF could not be differentiated [43].

In another RCT, 99 women with GDM were randomized to either an LGI diet (50) or a high fiber
moderate GI diet (49) and followed up from 20–32 weeks of pregnancy until delivery. In contrast to the
results of other studies, there were no significant differences in insulin treatment requirement or other
maternal and fetal outcomes [44]. A subgroup of 58 pregnant women assigned either to the LGI diet
(33) or to the high-fiber diet (25) was followed up further. Three months after delivery there were no
significant differences in glucose levels after a 75-g OGTT and in blood lipids [45]. It should be noted
that the latter results might be explained by a very modest difference in GI in diets between the two
arms (target GI: Around 50 in the LGI arm and around 60 in high-fiber moderate-GI arm).

A meta-analysis of RCTs of dietary intervention in GDM showed that in the LGI group (4 RCT, 257
patients diet) the use of insulin was less frequent and the birth weight was lower than in the control
group [46]. The energy intake did not differ between the groups and the mean value of GI score in the
LGI dietary intervention was 48.9, whereas in the control group was 53.5. Remarkably, the LGI diet
did not increase the number of small for gestational age (SGA) infants. As regarding macrosomia, no
significant differences were observed, probably due to the relatively low incidence of this condition
both in the intervention and in the control groups.

In another meta-analysis of 5 RCTs (302 patients with GDM) [47] the risk of insulin usage was
reduced by 33% in the LGI diet, although not significantly. Since fiber content was considerably higher
in LGI diets than in the control diets in two of the selected studies, in subgroup analyses the authors
investigated the effect of this confounder on the specific outcome insulin usage. Considering the 3
studies in which the fiber intake was similar between the two groups, the risk of insulin requirement
was significantly lower in LGI diets (−31%, p = 0.01). However, the increase in the content of DF in the
LGI diet did not lead to a further reduction in the risk of insulin requirement. Besides this, the risk of
macrosomia was significantly lower in the LGI groups than in the control groups and the risk of SGA
was not statistically different between the two groups. Interestingly, the addition of DF to LGI diets
further reduced the risk of macrosomia, compared with LGI diets without added fiber.

Recently, in a meta-analysis of 6 RCTs, including 532 patients with GDM (270 treated with the LGI
diet vs. 262 treated with control-diet), the LGI diet lead to a significant reduction in 2 h PPG, without
any influence on FPG, HbA1c, insulin requirement, birth weight, and macrosomia [48].

It is known that previous GDM increases the risk of T2D. In an RCT, 77 Asian women with
previous GDM were assigned to either a standard healthy diet, which consisted of receiving advice
on energy restriction, fat and simple sugar reduction, fiber content increase, or an LGI diet, with the
addition of instructions for lowering the GI. After 6 months, body weight, BMI, waist-to-hip ratio, and
2 h PPG significantly reduced only in the LGI group. Notably, although caloric intake was similar
between groups, fiber content was higher in the LGI diet group than in the control group (17 ± 4
vs. 13 ± 4 g, p < 0.001) [49]. The same authors investigated the effects of LGI by grouping patients
according to fasting insulin levels at baseline. Considering the subjects with low levels of insulin, no
significant differences in outcomes between the diet groups were observed. After 12 months, FPG and
triglycerides reduced in normal or high insulin subjects in the LGI group, whereas in the conventional
healthy dietary recommendation group an increase was observed [50]. These findings might indicate
that clinical phenotypes with increased insulin resistance could take more advantage from LGI diets.
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Several reasons may explain the main differences in the results between the above-mentioned
studies. Firstly, different diagnostic criteria for GDM have been adopted. The variation in patient
characteristics (age, ethnicity, weeks of gestation, BMI) and in the methods of intervention/control diets
should be taken into consideration. Moreover, different or not standardized outcomes were evaluated.
Furthermore, most studies were limited by the lack of assessment of adherence to diet. The relatively
small number of some studies included in the meta-analyses (n < 100) is another important limitation.
A further explanation for the contrasting findings between studies is the different amount and type of
DF intake in treatment arms, which may act as a confounder.

5. Conclusions

Overall, a considerable body of research suggests that the LGI diet might have positive effects
on certain metabolic outcomes, such as 2 h PPG, FPG, and likely, lipid profile in patients with GDM.
Indeed, most clinical studies observed a significant reduction in insulin requirement. By contrast, the
LGI diet has not shown to have a marked influence on other obstetric maternal or fetal outcomes (body
weight gain, birth weight, proportion of LGA, and macrosomia) so far. Interestingly, current evidence
suggests that an LGI nutritional approach is reasonably safe in GDM, since it was not associated to
adverse fetal-maternal outcomes in clinical trials. In clinical care, giving LGI advice in pregnancy
complicated by GDM might therefore be considered, especially in women with uncontrolled PPG or
FPG, before starting insulin treatment. As yet, evidence about clear reduction in GDM incidence with
the LGI diet is still insufficient. Similarly, further studies should focus on long term complications of
GDM as well, such as the incidence of T2D and CVD in mothers and infants.

Author Contributions: Conceptualization, S.M.; data curation, T.F. and F.P.; writing—review and editing, T.F.,
F.P., S.M. and C.C.; visualization, A.L..; supervision, S.M., C.C. and A.L.

Funding: This review did not receive external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. American Diabetes Association. 2. Classification and Diagnosis of Diabetes: Standards of Medical Care in
Diabetes—2019. Diabetes Care 2019, 42, S13–S28. [CrossRef] [PubMed]

2. Zhu, Y.; Zhang, C. Prevalence of Gestational Diabetes and Risk of Progression to Type 2 Diabetes: A Global
Perspective. Curr. Diabetes Rep. 2016, 16, 7. [CrossRef] [PubMed]

3. Baz, B.; Riveline, J.P.; Gautier, J.F. Endocrinology of Pregnancy: Gestational diabetes mellitus: Definition,
aetiological and clinical aspects. Eur. J. Endocrinol. 2016, 174, R43–R51. [CrossRef] [PubMed]

4. Catalano, P.M.; Tyzbir, E.D.; Wolfe, R.R.; Calles, J.; Roman, N.M.; Amini, S.B.; Sims, E.A. Carbohydrate
metabolism during pregnancy in control subjects and women with gestational diabetes. Am. J. Physiol. 1993,
264, E60–E67. [CrossRef] [PubMed]

5. Lowe, L.P.; Metzger, B.E.; Lowe, W.L., Jr.; Dyer, A.R.; McDade, T.W.; McIntyre, H.D.; HAPO Study
Cooperative Research Group. Inflammatory mediators and glucose in pregnancy: Results from a subset of
the Hyperglycemia and Adverse Pregnancy Outcome (HAPO) Study. J. Clin. Endocrinol. Metab. 2010, 95,
5427–5434. [CrossRef] [PubMed]

6. Hedderson, M.; Ehrlich, S.; Sridhar, S.; Darbinian, J.; Moore, S.; Ferrara, A. Racial/ethnic disparities in the
prevalence of gestational diabetes mellitus by BMI. Diabetes Care 2012, 35, 1492–1498. [CrossRef] [PubMed]

7. Filardi, T.; Tavaglione, F.; Di Stasio, M.; Fazio, V.; Lenzi, A.; Morano, S. Impact of risk factors for gestational
diabetes (GDM) on pregnancy outcomes in women with GDM. J. Endocrinol. Investig. 2018, 41, 671–676.
[CrossRef] [PubMed]

8. Pintaudi, B.; Fresa, R.; Dalfra, M.; Dodesini, A.R.; Vitacolonna, E.; Tumminia, A.; Sciacca, L.; Lencioni, C.;
Marcone, T.; Lucisano, G.; et al. The risk stratification of adverse neonatal outcomes in women with
gestational diabetes (STRONG) study. Acta Diabetol. 2018, 55, 1261–1273. [CrossRef] [PubMed]

http://dx.doi.org/10.2337/dc19-S002
http://www.ncbi.nlm.nih.gov/pubmed/30559228
http://dx.doi.org/10.1007/s11892-015-0699-x
http://www.ncbi.nlm.nih.gov/pubmed/26742932
http://dx.doi.org/10.1530/EJE-15-0378
http://www.ncbi.nlm.nih.gov/pubmed/26431552
http://dx.doi.org/10.1152/ajpendo.1993.264.1.E60
http://www.ncbi.nlm.nih.gov/pubmed/8430789
http://dx.doi.org/10.1210/jc.2010-1662
http://www.ncbi.nlm.nih.gov/pubmed/20843942
http://dx.doi.org/10.2337/dc11-2267
http://www.ncbi.nlm.nih.gov/pubmed/22619080
http://dx.doi.org/10.1007/s40618-017-0791-y
http://www.ncbi.nlm.nih.gov/pubmed/29150756
http://dx.doi.org/10.1007/s00592-018-1208-x
http://www.ncbi.nlm.nih.gov/pubmed/30221320


Nutrients 2019, 11, 1549 7 of 9

9. Xiang, A.H.; Li, B.H.; Black, M.H.; Sacks, D.A.; Buchanan, T.A.; Jacobsen, S.J.; Lawrence, J.M. Racial and ethnic
disparities in diabetes risk after gestational diabetes mellitus. Diabetologia 2011, 54, 3016–3021. [CrossRef]
[PubMed]

10. Kelstrup, L.; Damm, P.; Mathiesen, E.R.; Hansen, T.; Vaag, A.A.; Pedersen, O.; Clausen, T.D. Insulin resistance
and impaired pancreatic beta-cell function in adult offspring of women with diabetes in pregnancy. J. Clin.
Endocrinol. Metab. 2013, 98, 3793–3801. [CrossRef]

11. International Association of Diabetes; Pregnancy Study Groups Consensus; Metzger, B.E.; Gabbe, S.G.;
Persson, B.; Buchanan, T.A.; Catalano, P.A.; Damm, P.; Dyer, A.R.; Leiva, A.; et al. International association of
diabetes and pregnancy study groups recommendations on the diagnosis and classification of hyperglycemia
in pregnancy. Diabetes Care 2010, 33, 676–682. [CrossRef] [PubMed]

12. Group, H.S.C.R.; Metzger, B.E.; Lowe, L.P.; Dyer, A.R.; Trimble, E.R.; Chaovarindr, U.; Coustan, D.R.;
Hadden, D.R.; McCance, D.R.; Hod, M.; et al. Hyperglycemia and adverse pregnancy outcomes. N. Engl. J.
Med. 2008, 358, 1991–2002. [CrossRef]

13. Crowther, C.A.; Alsweiler, J.M.; Hughes, R.; Brown, J.; Target Study, G. Tight or less tight glycaemic targets
for women with gestational diabetes mellitus for reducing maternal and perinatal morbidity? (TARGET):
Study protocol for a stepped wedge randomised trial. BMC Pregnancy Childbirth 2018, 18, 425. [CrossRef]
[PubMed]

14. American Diabetes Association. 14. Management of Diabetes in Pregnancy: Standards of Medical Care in
Diabetes—2019. Diabetes Care 2019, 42, S165–S172. [CrossRef] [PubMed]

15. Santangelo, C.; Zicari, A.; Mandosi, E.; Scazzocchio, B.; Mari, E.; Morano, S.; Masella, R. Could gestational
diabetes mellitus be managed through dietary bioactive compounds? Current knowledge and future
perspectives. Br. J. Nutr. 2016, 115, 1129–1144. [CrossRef] [PubMed]

16. Mousa, A.; Naqash, A.; Lim, S. Macronutrient and Micronutrient Intake during Pregnancy: An Overview of
Recent Evidence. Nutrients 2019, 11, 443. [CrossRef] [PubMed]

17. Kramer, M.S.; Kakuma, R. Energy and protein intake in pregnancy. Cochrane Database Syst. Rev. 2003.
[CrossRef]

18. Cheung, N.W. The management of gestational diabetes. Vasc. Health Risk Manag. 2009, 5, 153–164. [CrossRef]
19. Reader, D.M. Medical nutrition therapy and lifestyle interventions. Diabetes Care 2007, 30 (Suppl. 2),

S188–S193. [CrossRef]
20. Jovanovic-Peterson, L.; Peterson, C.M. Dietary manipulation as a primary treatment strategy for pregnancies

complicated by diabetes. J. Am. Coll. Nutr. 1990, 9, 320–325. [CrossRef]
21. Augustin, L.S.; Kendall, C.W.; Jenkins, D.J.; Willett, W.C.; Astrup, A.; Barclay, A.W.; Bjorck, I.; Brand-Miller, J.C.;

Brighenti, F.; Buyken, A.E.; et al. Glycemic index, glycemic load and glycemic response: An International
Scientific Consensus Summit from the International Carbohydrate Quality Consortium (ICQC). Nutr. Metab.
Cardiovasc. Dis. 2015, 25, 795–815. [CrossRef] [PubMed]

22. Brouns, F.; Bjorck, I.; Frayn, K.N.; Gibbs, A.L.; Lang, V.; Slama, G.; Wolever, T.M. Glycaemic index methodology.
Nutr. Res. Rev. 2005, 18, 145–171. [CrossRef] [PubMed]

23. Ludwig, D.S.; Hu, F.B.; Tappy, L.; Brand-Miller, J. Dietary carbohydrates: Role of quality and quantity in
chronic disease. BMJ 2018, 361, k2340. [CrossRef] [PubMed]

24. Jenkins, D.J.; Wolever, T.M.; Taylor, R.H.; Barker, H.; Fielden, H.; Baldwin, J.M.; Bowling, A.C.; Newman, H.C.;
Jenkins, A.L.; Goff, D.V. Glycemic index of foods: A physiological basis for carbohydrate exchange. Am. J.
Clin. Nutr. 1981, 34, 362–366. [CrossRef] [PubMed]

25. International Organization for Standardization. Food Products—Determination of the Glycaemic Index (GI)
and Recommendation for Food Classification: ISO 26642. Available online: https://www.iso.org/standard/

43633.html (accessed on 25 June 2019).
26. Atkinson, F.S.; Foster-Powell, K.; Brand-Miller, J.C. International tables of glycemic index and glycemic load

values: 2008. Diabetes Care 2008, 31, 2281–2283. [CrossRef] [PubMed]
27. Aziz, A. The glycemic index: Methodological aspects related to the interpretation of health effects and to

regulatory labeling. J. AOAC Int. 2009, 92, 879–887. [PubMed]
28. Slabber, M.; Barnard, H.C.; Kuyl, J.M.; Dannhauser, A.; Schall, R. Effects of a low-insulin-response,

energy-restricted diet on weight loss and plasma insulin concentrations in hyperinsulinemic obese females.
Am. J. Clin. Nutr. 1994, 60, 48–53. [CrossRef]

http://dx.doi.org/10.1007/s00125-011-2330-2
http://www.ncbi.nlm.nih.gov/pubmed/22016046
http://dx.doi.org/10.1210/jc.2013-1536
http://dx.doi.org/10.2337/dc10-0719
http://www.ncbi.nlm.nih.gov/pubmed/20190296
http://dx.doi.org/10.1056/NEJMoa0707943
http://dx.doi.org/10.1186/s12884-018-2060-2
http://www.ncbi.nlm.nih.gov/pubmed/30373539
http://dx.doi.org/10.2337/dc19-S014
http://www.ncbi.nlm.nih.gov/pubmed/30559240
http://dx.doi.org/10.1017/S0007114516000222
http://www.ncbi.nlm.nih.gov/pubmed/26879600
http://dx.doi.org/10.3390/nu11020443
http://www.ncbi.nlm.nih.gov/pubmed/30791647
http://dx.doi.org/10.1002/14651858.CD000032
http://dx.doi.org/10.2147/VHRM.S3405
http://dx.doi.org/10.2337/dc07-s214
http://dx.doi.org/10.1080/07315724.1990.10720387
http://dx.doi.org/10.1016/j.numecd.2015.05.005
http://www.ncbi.nlm.nih.gov/pubmed/26160327
http://dx.doi.org/10.1079/NRR2005100
http://www.ncbi.nlm.nih.gov/pubmed/19079901
http://dx.doi.org/10.1136/bmj.k2340
http://www.ncbi.nlm.nih.gov/pubmed/29898880
http://dx.doi.org/10.1093/ajcn/34.3.362
http://www.ncbi.nlm.nih.gov/pubmed/6259925
https://www.iso.org/standard/43633.html
https://www.iso.org/standard/43633.html
http://dx.doi.org/10.2337/dc08-1239
http://www.ncbi.nlm.nih.gov/pubmed/18835944
http://www.ncbi.nlm.nih.gov/pubmed/19610381
http://dx.doi.org/10.1093/ajcn/60.1.48


Nutrients 2019, 11, 1549 8 of 9

29. Barclay, A.W.; Petocz, P.; McMillan-Price, J.; Flood, V.M.; Prvan, T.; Mitchell, P.; Brand-Miller, J.C. Glycemic
index, glycemic load, and chronic disease risk—A meta-analysis of observational studies. Am. J. Clin. Nutr.
2008, 87, 627–637. [CrossRef]

30. Choi, Y.; Giovannucci, E.; Lee, J.E. Glycaemic index and glycaemic load in relation to risk of diabetes-related
cancers: A meta-analysis. Br. J. Nutr. 2012, 108, 1934–1947. [CrossRef]

31. Ma, X.Y.; Liu, J.P.; Song, Z.Y. Glycemic load, glycemic index and risk of cardiovascular diseases: Meta-analyses
of prospective studies. Atherosclerosis 2012, 223, 491–496. [CrossRef]

32. Brand-Miller, J.; Hayne, S.; Petocz, P.; Colagiuri, S. Low-glycemic index diets in the management of diabetes:
A meta-analysis of randomized controlled trials. Diabetes Care 2003, 26, 2261–2267. [CrossRef] [PubMed]

33. Goff, L.M.; Cowland, D.E.; Hooper, L.; Frost, G.S. Low glycaemic index diets and blood lipids: A systematic
review and meta-analysis of randomised controlled trials. Nutr. Metab. Cardiovasc. Dis. 2013, 23, 1–10.
[CrossRef] [PubMed]

34. Jenkins, D.J.; Kendall, C.W.; McKeown-Eyssen, G.; Josse, R.G.; Silverberg, J.; Booth, G.L.; Vidgen, E.;
Josse, A.R.; Nguyen, T.H.; Corrigan, S.; et al. Effect of a low-glycemic index or a high-cereal fiber diet on type
2 diabetes: A randomized trial. JAMA 2008, 300, 2742–2753. [CrossRef] [PubMed]

35. Walsh, J.M.; McGowan, C.A.; Mahony, R.; Foley, M.E.; McAuliffe, F.M. Low glycaemic index diet in pregnancy
to prevent macrosomia (ROLO study): Randomised control trial. BMJ 2012, 345, e5605. [CrossRef] [PubMed]

36. Walsh, J.M.; Mahony, R.M.; Culliton, M.; Foley, M.E.; McAuliffe, F.M. Impact of a low glycemic index diet in
pregnancy on markers of maternal and fetal metabolism and inflammation. Reprod. Sci. 2014, 21, 1378–1381.
[CrossRef] [PubMed]

37. Horan, M.K.; McGowan, C.A.; Gibney, E.R.; Donnelly, J.M.; McAuliffe, F.M. Maternal low glycaemic index
diet, fat intake and postprandial glucose influences neonatal adiposity—Secondary analysis from the ROLO
study. Nutr. J. 2014, 13, 78. [CrossRef] [PubMed]

38. Kizirian, N.V.; Kong, Y.; Muirhead, R.; Brodie, S.; Garnett, S.P.; Petocz, P.; Sim, K.A.; Celermajer, D.S.;
Louie, J.C.; Markovic, T.P.; et al. Effects of a low-glycemic index diet during pregnancy on offspring growth,
body composition, and vascular health: A pilot randomized controlled trial. Am. J. Clin. Nutr. 2016, 103,
1073–1082. [CrossRef] [PubMed]

39. Zhang, R.; Han, S.; Chen, G.C.; Li, Z.N.; Silva-Zolezzi, I.; Pares, G.V.; Wang, Y.; Qin, L.Q. Effects of
low-glycemic-index diets in pregnancy on maternal and newborn outcomes in pregnant women: A
meta-analysis of randomized controlled trials. Eur. J. Nutr. 2018, 57, 167–177. [CrossRef]

40. Looman, M.; Schoenaker, D.; Soedamah-Muthu, S.S.; Geelen, A.; Feskens, E.J.M.; Mishra, G.D. Pre-pregnancy
dietary carbohydrate quantity and quality, and risk of developing gestational diabetes: The Australian
Longitudinal Study on Women’s Health. Br. J. Nutr. 2018, 120, 435–444. [CrossRef]

41. Moses, R.G.; Barker, M.; Winter, M.; Petocz, P.; Brand-Miller, J.C. Can a low-glycemic index diet reduce
the need for insulin in gestational diabetes mellitus? A randomized trial. Diabetes Care 2009, 32, 996–1000.
[CrossRef]

42. Hu, Z.G.; Tan, R.S.; Jin, D.; Li, W.; Zhou, X.Y. A low glycemic index staple diet reduces postprandial glucose
values in Asian women with gestational diabetes mellitus. J. Investig. Med. 2014, 62, 975–979. [CrossRef]
[PubMed]

43. Ma, W.J.; Huang, Z.H.; Huang, B.X.; Qi, B.H.; Zhang, Y.J.; Xiao, B.X.; Li, Y.H.; Chen, L.; Zhu, H.L. Intensive
low-glycaemic-load dietary intervention for the management of glycaemia and serum lipids among women
with gestational diabetes: A randomized control trial. Public Health Nutr. 2015, 18, 1506–1513. [CrossRef]
[PubMed]

44. Louie, J.C.; Markovic, T.P.; Perera, N.; Foote, D.; Petocz, P.; Ross, G.P.; Brand-Miller, J.C. A randomized
controlled trial investigating the effects of a low-glycemic index diet on pregnancy outcomes in gestational
diabetes mellitus. Diabetes Care 2011, 34, 2341–2346. [CrossRef] [PubMed]

45. Louie, J.C.; Markovic, T.P.; Ross, G.P.; Foote, D.; Brand-Miller, J.C. Effect of a low glycaemic index diet in
gestational diabetes mellitus on post-natal outcomes after 3 months of birth: A pilot follow-up study. Matern.
Child Nutr. 2015, 11, 409–414. [CrossRef] [PubMed]

46. Viana, L.V.; Gross, J.L.; Azevedo, M.J. Dietary intervention in patients with gestational diabetes mellitus:
A systematic review and meta-analysis of randomized clinical trials on maternal and newborn outcomes.
Diabetes Care 2014, 37, 3345–3355. [CrossRef] [PubMed]

http://dx.doi.org/10.1093/ajcn/87.3.627
http://dx.doi.org/10.1017/S0007114512003984
http://dx.doi.org/10.1016/j.atherosclerosis.2012.05.028
http://dx.doi.org/10.2337/diacare.26.8.2261
http://www.ncbi.nlm.nih.gov/pubmed/12882846
http://dx.doi.org/10.1016/j.numecd.2012.06.002
http://www.ncbi.nlm.nih.gov/pubmed/22841185
http://dx.doi.org/10.1001/jama.2008.808
http://www.ncbi.nlm.nih.gov/pubmed/19088352
http://dx.doi.org/10.1136/bmj.e5605
http://www.ncbi.nlm.nih.gov/pubmed/22936795
http://dx.doi.org/10.1177/1933719114525275
http://www.ncbi.nlm.nih.gov/pubmed/24642719
http://dx.doi.org/10.1186/1475-2891-13-78
http://www.ncbi.nlm.nih.gov/pubmed/25084967
http://dx.doi.org/10.3945/ajcn.115.123695
http://www.ncbi.nlm.nih.gov/pubmed/26936333
http://dx.doi.org/10.1007/s00394-016-1306-x
http://dx.doi.org/10.1017/S0007114518001277
http://dx.doi.org/10.2337/dc09-0007
http://dx.doi.org/10.1097/JIM.0000000000000108
http://www.ncbi.nlm.nih.gov/pubmed/25203150
http://dx.doi.org/10.1017/S1368980014001992
http://www.ncbi.nlm.nih.gov/pubmed/25222105
http://dx.doi.org/10.2337/dc11-0985
http://www.ncbi.nlm.nih.gov/pubmed/21900148
http://dx.doi.org/10.1111/mcn.12039
http://www.ncbi.nlm.nih.gov/pubmed/23638904
http://dx.doi.org/10.2337/dc14-1530
http://www.ncbi.nlm.nih.gov/pubmed/25414390


Nutrients 2019, 11, 1549 9 of 9

47. Wei, J.; Heng, W.; Gao, J. Effects of Low Glycemic Index Diets on Gestational Diabetes Mellitus: A
Meta-Analysis of Randomized Controlled Clinical Trials. Medicine 2016, 95, e3792. [CrossRef] [PubMed]

48. Xu, J.; Ye, S. Influence of low-glycemic index diet for gestational diabetes: A meta-analysis of randomized
controlled trials. J. Matern. Fetal Neonatal Med. 2018, 31, 1–6. [CrossRef]

49. Shyam, S.; Arshad, F.; Abdul Ghani, R.; Wahab, N.A.; Safii, N.S.; Nisak, M.Y.; Chinna, K.; Kamaruddin, N.A.
Low glycaemic index diets improve glucose tolerance and body weight in women with previous history of
gestational diabetes: A six months randomized trial. Nutr. J. 2013, 12, 68. [CrossRef]

50. Ghani, R.A.; Shyam, S.; Arshad, F.; Wahab, N.A.; Chinna, K.; Safii, N.S.; Nisak, M.Y.; Kamaruddin, N.A. The
influence of fasting insulin level in post-gestational diabetes mellitus women receiving low-glycaemic-index
diets. Nutr. Diabetes 2014, 4, e107. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1097/MD.0000000000003792
http://www.ncbi.nlm.nih.gov/pubmed/27258511
http://dx.doi.org/10.1080/14767058.2018.1497595
http://dx.doi.org/10.1186/1475-2891-12-68
http://dx.doi.org/10.1038/nutd.2014.5
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Carbohydrates, Glycaemic Index, and Glycaemic Load 
	LGI Diets and Risk of GDM 
	LGI Diet and Pregnancy Outcomes in GDM 
	Conclusions 
	References

