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Abstract: Gestational Diabetes Mellitus (GDM) is the commonest medical pregnancy complication,
and a growing problem around the world as the obesity epidemic continues. Ways to prevent GDM
are urgently required, the management of GDM still poses many unanswered questions, and the
postpartum prevention of the progression of GDM to type 2 diabetes remains a challenge. With GDM,
the impact of any intervention on the offspring is always a major concern. Nutritional interventions
come to the fore as one of our few levers in reducing the short-term pregnancy risk and long-term
cardiometabolic risks to both mother and child. This special issue reports on the relationship between
several nutrients and foods and the development and management of GDM, behavioural strategies
to enhance lifestyle choices, the issues raised by prior bariatric surgery and ways to screen for GDM.
The work identifies further unanswered questions over nutritional strategies to reduce the impact
of GDM.
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The proportion of pregnancies complicated by gestational diabetes mellitus (GDM) has been
increasing since at least the 1980s [1]. This burden has increased in parallel with the epidemic of type 2
diabetes, itself a consequence of the growing numbers of men and women who are overweight and
obese [1]. Of course, the simple answer to excess adiposity, or excess calorie balance, is to reduce
energy intake and/or increase energy expenditure to create a negative energy balance. In reality, in a
modern world, within its obesogenic environment, lifestyles that limit non-work time and where
opportunities for physical activity and affordable healthy eating can be limited, achieving this balance
can be very difficult. Alongside the complex endocrine and behavioural mechanisms to manage energy
balance [2], any inherited and/or acquired “processes” that promote increased insulin secretory capacity,
or reduce insulin need, during pregnancy may have a chance of reducing the risk of GDM, if sufficient
to overcome the large increase in insulin resistance that occurs [3]. Similarly, such “processes” may
alter the need for medication in GDM, the birth outcomes, and long-term cardiometabolic risks for the
mother and her offspring.

Preventing and managing GDM is substantially different to available approaches for managing
weight and hyperglycaemia outside of pregnancy. Many medications are either harmful to the growing
fetus, or their toxicity is uncertain, with substantial caution over their use [4]. Not only is weight loss
not recommended due to its potential negative impact on fetal growth and development, there are
clear guidelines on the amount of gestational weight gain (GWG) there should be by trimester and
body mass index (BMI) at conception [5].

It is in this setting that managing nutrition comes to the fore as one of our few levers for preventing
and managing GDM, the progression to type 2 diabetes, and, with these, potentially the life-long risk
of cardiometabolic disease in the offspring. This special issue “Nutrition and Gestational Diabetes”
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comprises 14 peer-reviewed papers [6–19] that provide insight into different nutritional aspects relating
to GDM. These papers address diet, gestational weight gain, and dietary patterns associated with
the risk of GDM in the mother and/or offspring (n = 8), and with “better” GDM outcomes, including
the long-term risk to the offspring (n = 2). The remaining papers review approaches to predict GDM
(n = 1), screen for and manage GDM after bariatric surgery (n = 1), or support lifestyle change to
prevent progression to type 2 diabetes after GDM (n = 1). One paper assesses the relationship between
healthy eating and cardiometabolic risk in the offspring of mothers with GDM.

So, which diet is best? The St Carlos GDM Prevention Study [6] showed that among 874 Spanish
women, a high adherence to a Mediterranean diet was associated with a 0.35 (95% CI 0.18–0.67) risk of
developing GDM compared with women with low adherence. The earlier analysis of adding extra
virgin olive oil and pistachios to the diet had previously found a 0.75 (0.57–0.98) risk [20]. The women
had a mean baseline BMI of approximately 24 kg/m2, entered the trial at 8–12 weeks gestation,
and had fewer large for gestational age (LGA) babies (adjusted odds ratio 0.19 (0.07–0.57)). Similarly,
in the Chinese Prospective Birth Cohort Study [8] among 1014 women (median pre-pregnancy BMI
<23 kg/m2), the “traditional eating pattern” (a high vegetable, fruit, and rice intake) was associated with
a lower risk of GDM (0.40 (0.23–0.70) using food diary). A whole grain-seafood pattern was associated
with a greater risk of GDM (1.73 (1.10–274)). Conversely, the metabolic profile (BMI, triglycerides,
waist circumference) was poorer among the 9–16-year-old offspring of Danish women (n = 1234
mother-offspring dyads) with GDM (n = 608) who did not eat fish during pregnancy [8], suggesting
that the seafood/fish associations may be markers for other behaviours/circumstances.

Meanwhile, the Norwegian Longitudinal Study [9] found among 702 women (40 with GDM)
few dietary differences between women who developed GDM and those that did not. Similarly,
Looman et al. from the Netherlands [10] found no consistent correlation between diet quality and
glycaemia (as assessed by the Dutch Healthy Diet 2015 Index score). Weak correlations were found
between fasting glucose and both diet quality and total iron intake (both p < 0.05). A significant caveat
to some studies remains the use of food frequency questionnaires to assess dietary intake.

Which diets may make things worse? King and colleagues showed in a mouse model that a
maternal low protein diet was associated with changes in the pancreatic islets of Langerhans, including
altered glucagon and insulin expression and a low beta cell mass [11]. Farabi and Hernandez [12]
meanwhile suggested that a lower carbohydrate diet (40% of total calories) among women with GDM,
while reducing postprandial glucose, might increase fasting glucose, possibly through increased free
fatty acids and worse insulin resistance. Interestingly, this paradoxical finding was supported by
the DALI (Vitamin D And Lifestyle Intervention for GDM prevention) randomised controlled trial
(RCT) [21], where European (across nine countries) overweight and obese women without GDM also
developed a higher fasting glucose on a lower carbohydrate diet.

These papers on which food and nutritional constituents add to the current knowledge on
lifestyle approaches to prevent GDM currently indicate that GDM is likely to only be preventable if
commenced in (or before) the first trimester, or in some population subgroups [22]. Another premise
is that the development of GDM is not related to the nutrients within the diet, but through excess
calories overall, leading to excess GWG. The DALI post hoc analysis looks at this premise in more
detail [13]. Across most lifestyle GDM prevention studies, mean GWG limitation (between controls and
intervention groups) is up to 2 kg. In the post hoc analysis, selecting only those sites achieving a greater
GWG limitation (>3 kg), even a mean GWG limitation of 4.3 kg by 35–37 weeks, was associated with no
reduction in fasting, 1 h or 2 h glucose, or GDM by 24–28 weeks. However, there was a reduction in LGA
(16.7% vs. 4.5%, usual care vs. healthy eating and physical activity). Another possible mechanism by
which diet may increase the risk of GDM is through changes in the microbiome. Ponzo et al. provided a
useful review of the current state of knowledge, suggesting that there remains discordant evidence over
which changes in bacteria (type and richness) occur in pregnancies complicated by GDM [14]. Possible
dietary interactions with the microbiome that may influence the risk of GDM have been suggested,
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along with a lower fibre intake, vegetarianism, and high fat/saturated fat intake. Unfortunately, recent
trials of probiotics to change gut flora and reduce GDM have been unsuccessful [23].

Two behavioural approaches to changing diet are described in this special issue. The first looked at
using antenatal motivational interviewing intervention to prevent GDM (DALI) [15], and the possible
mediators of lifestyle change. Outcome expectancy, risk perception, task self efficacy, and social support
were measured at baseline, 24–28 weeks and 35–37 weeks gestation. Task self efficacy and outcome
expectancy were associated with reduced sugar drink consumption, while satisfaction with social
support and outcome expectancy were associated with portion size. The other behavioural intervention
used text messaging and activity monitors within a pilot RCT to reduce risk factors for postpartum
progression to type 2 diabetes [16], a major problem that still seeks effective, scalable, and sustainable
solutions. Carbohydrate consumption was reduced, and the text messaging was seen as useful by the
women, but the activity monitors, although found to be useful, were not used consistently by many of
the women. While these behavioural interventions clearly had an impact, they remained limited and
more work is needed. An alternative approach for the obese is bariatric surgery. While still requiring
changes in lifestyle, one way of supporting reduced energy intake is with bariatric surgery. In the
review by Benhalima et al. [17], bariatric surgery was shown to reduce the risk of GDM, but the review
emphasises that GDM can still occur and that micronutrient supplementation is needed before, during,
and after pregnancy. Women who have had bariatric surgery may develop symptoms from dumping
on the oral glucose tolerance test (OGTT), and are recommended to have instead a fasting glucose at
the first visit and capillary glucose monitoring at 24–28 weeks gestation. The penultimate paper in the
special issue also touched on the use of alternative screening tests [18] and showed poor utility of the
fructosamine test to predict second trimester and postpartum glycaemia. The final paper [19] looked
at 142 children with a mean age of 6–7 years and found that a healthy diet is associated with a better
cardiometabolic health profile in children of women with previous GDM, including a lower risk of
being overweight or obese.

Overall, we still seek better nutritional approaches to prevent and manage GDM and its postpartum
progression to type 2 diabetes in the mother, and to protect the short- and long-term risk to the offspring.
As a Guest Editor, I would like to thank all of the authors for contributing to this special edition, which
will hopefully provide useful insights into what is known, and yet to be learnt, in the “hot topic” of
nutrition and gestational diabetes. A special thanks goes to the Nutrients publishing team for all of
their help.

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.

References

1. Simmons, D. Epidemiology of Diabetes in Pregnancy. In Practical Management of Diabetes in Pregnancy,
2nd ed.; McCance, D., Maresh, M., Eds.; Blackwell Publishing: London, UK, 2017; pp. 3–16.

2. Bray, G.A.; Heisel, W.E.; Afshin, A.; Jensen, M.D.; Dietz, W.H.; Long, M.; Kushner, R.F.; Daniels, S.R.;
Wadden, T.A.; Tsai, A.G.; et al. The Science of Obesity Management: An Endocrine Society Scientific
Statement. Endocr. Rev. 2018, 39, 79–132. [CrossRef] [PubMed]

3. Catalano, P.M.; Tyzbir, E.D.; Roman, N.M.; Amini, S.B.; Sims, E.A. Longitudinal changes in insulin release
and insulin resistance in nonobese pregnant women. Am. J. Obstet. Gynecol. 1991, 165, 1667–1672. [CrossRef]

4. Simmons, D. Safety considerations with Pharmacological Treatment of Gestational Diabetes Mellitus. Drug
Saf. 2014. [CrossRef] [PubMed]

5. Institute of Medicine. Weight Gain during Pregnancy: Reexamining the Guidelines; Rasmussen, K.M.,
Yaktine, A.L., Eds.; Institute of Medicine (US) and National Research Council (US) and Committee to
Reexamine IOM Pregnancy Weight Guidelines; National Academies Press (US): Washington, DC, USA, 2009.

http://dx.doi.org/10.1210/er.2017-00253
http://www.ncbi.nlm.nih.gov/pubmed/29518206
http://dx.doi.org/10.1016/0002-9378(91)90012-G
http://dx.doi.org/10.1007/s40264-014-0253-9
http://www.ncbi.nlm.nih.gov/pubmed/25542297


Nutrients 2019, 11, 1940 4 of 5

6. Assaf-Balut, C.; García de la Torre, N.; Fuentes, M.; Durán, A.; Bordiú, E.; Del Valle, L.; Valerio, J.; Jiménez, I.;
Herraiz, M.A.; Izquierdo, N.; et al. A High Adherence to Six Food Targets of the Mediterranean Diet in the
Late First Trimester is Associated with a Reduction in the Risk of Materno-Foetal Outcomes: The St. Carlos
Gestational Diabetes Mellitus Prevention Study. Nutrients 2019, 11, 66. [CrossRef] [PubMed]

7. Hu, J.; Oken, E.; Aris, I.M.; Lin, P.-I.D.; Ma, Y.; Ding, N.; Gao, M.; Wei, X.; Wen, D. Dietary Patterns
during Pregnancy Are Associated with the Risk of Gestational Diabetes Mellitus: Evidence from a Chinese
Prospective Birth Cohort Study. Nutrients 2019, 11, 405. [CrossRef] [PubMed]

8. Maslova, E.; Hansen, S.; Strøm, M.; Halldorsson, T.I.; Grunnet, L.G.; Vaag, A.A.; Olsen, S.F. Fish Intake in
Pregnancy and Offspring Metabolic Parameters at Age 9–16—Does Gestational Diabetes Modify the Risk?
Nutrients 2018, 10, 1534. [CrossRef] [PubMed]

9. Elvebakk, T.; Mostad, I.L.; Mørkved, S.; Salvesen, K.Å.; Stafne, S.N. Dietary Intakes and Dietary Quality
during Pregnancy in Women with and without Gestational Diabetes Mellitus—A Norwegian Longitudinal
Study. Nutrients 2018, 10, 1811. [CrossRef] [PubMed]

10. Looman, M.; Geelen, A.; Samlal, R.A.K.; Heijligenberg, R.; Gunnewiek, J.M.T.K.; Balvers, M.G.J.;
Wijnberger, L.D.E.; Brouwer-Brolsma, E.M.; Feskens, E.J.M. Changes in Micronutrient Intake and Status,
Diet Quality and Glucose Tolerance from Preconception to the Second Trimester of Pregnancy. Nutrients
2019, 11, 460. [CrossRef] [PubMed]

11. King, R.; Hill, J.L.; Saha, B.; Tong, Y.; Strutt, B.J.; Russell, M.A.; Morgan, N.G.; Richardson, S.J.; Hill, D.J.
Offspring of Mice Exposed to a Low-Protein Diet in Utero Demonstrate Changes in mTOR Signaling in
Pancreatic Islets of Langerhans, Associated with Altered Glucagon and Insulin Expression and a Lower
β-Cell Mass. Nutrients 2019, 11, 605. [CrossRef]

12. Farabi, S.S.; Hernandez, T.L. Low-Carbohydrate Diets for Gestational Diabetes. Nutrients 2019, 11, 1737.
[CrossRef]

13. Simmons, D.; Devlieger, R.; Van Assche, A.; Galjaard, S.; Corcoy, R.; Adelantado, J.M.; Dunne, F.; Desoye, G.;
Kautzky-Willer, A.; Damm, P.; et al. Association between Gestational Weight Gain, Gestational Diabetes
Risk, and Obstetric Outcomes: A Randomized Controlled Trial Post Hoc Analysis. Nutrients 2018, 10, 1568.
[CrossRef] [PubMed]

14. Ponzo, V.; Fedele, D.; Goitre, I.; Leone, F.; Lezo, A.; Monzeglio, C.; Finocchiaro, C.; Ghigo, E.; Bo, S. Diet-Gut
Microbiota Interactions and Gestational Diabetes Mellitus (GDM). Nutrients 2019, 11, 330. [CrossRef]
[PubMed]

15. Van Poppel, M.N.; Jelsma, J.G.M.; Simmons, D.; Devlieger, R.; Jans, G.; Galjaard, S.; Corcoy, R.;
Adelantado, J.M.; Dunne, F.; Harreiter, J.; et al. Mediators of Lifestyle Behaviour Changes in Obese
Pregnant Women. Secondary Analyses from the DALI Lifestyle Randomised Controlled Trial. Nutrients
2019, 11, 311. [CrossRef] [PubMed]

16. Cheung, N.W.; Blumenthal, C.; Smith, B.J.; Hogan, R.; Thiagalingam, A.; Redfern, J.; Barry, T.; Cinnadaio, N.;
Chow, C.K. A Pilot Randomised Controlled Trial of a Text Messaging Intervention with Customisation
Using Linked Data from Wireless Wearable Activity Monitors to Improve Risk Factors Following Gestational
Diabetes. Nutrients 2019, 11, 590. [CrossRef] [PubMed]

17. Benhalima, K.; Minschart, C.; Ceulemans, D.; Bogaerts, A.; Van Der Schueren, B.; Mathieu, C.; Devlieger, R.
Screening and Management of Gestational Diabetes Mellitus after Bariatric Surgery. Nutrients 2018, 10, 1479.
[CrossRef] [PubMed]

18. Gingras, V.; Rifas-Shiman, S.L.; Switkowski, K.M.; Oken, E.; Hivert, M.-F. Mid-Pregnancy Fructosamine
Measurement—Predictive Value for Gestational Diabetes and Association with Postpartum Glycemic Indices.
Nutrients 2018, 10, 2003. [CrossRef] [PubMed]

19. Dugas, C.; Bélanger, M.; Perron, J.; Weisnagel, S.J.; Tchernof, A.; Marc, I.; Robitaille, J. Is A Healthy Diet
Associated with Lower Anthropometric and Glycemic Alterations in Predisposed Children Born from
Mothers with Gestational Diabetes Mellitus? Nutrients 2019, 11, 570. [CrossRef] [PubMed]

20. Assaf-Balut, C.; García de la Torre, N.; Durán, A.; Fuentes, M.; Bordiú, E.; Del Valle, L.; Familiar, C.; Ortolá, A.;
Jiménez, I.; Herraiz, M.A.; et al. A Mediterranean diet with additional extra virgin olive oil and pistachios
reduces the incidence of gestational diabetes mellitus (GDM): A randomized controlled trial: The St. Carlos
GDM prevention study. PLoS ONE 2017, 12, e0185873. [CrossRef]

http://dx.doi.org/10.3390/nu11010066
http://www.ncbi.nlm.nih.gov/pubmed/30602688
http://dx.doi.org/10.3390/nu11020405
http://www.ncbi.nlm.nih.gov/pubmed/30769927
http://dx.doi.org/10.3390/nu10101534
http://www.ncbi.nlm.nih.gov/pubmed/30336645
http://dx.doi.org/10.3390/nu10111811
http://www.ncbi.nlm.nih.gov/pubmed/30463394
http://dx.doi.org/10.3390/nu11020460
http://www.ncbi.nlm.nih.gov/pubmed/30813281
http://dx.doi.org/10.3390/nu11030605
http://dx.doi.org/10.3390/nu11081737
http://dx.doi.org/10.3390/nu10111568
http://www.ncbi.nlm.nih.gov/pubmed/30360536
http://dx.doi.org/10.3390/nu11020330
http://www.ncbi.nlm.nih.gov/pubmed/30717458
http://dx.doi.org/10.3390/nu11020311
http://www.ncbi.nlm.nih.gov/pubmed/30717227
http://dx.doi.org/10.3390/nu11030590
http://www.ncbi.nlm.nih.gov/pubmed/30862052
http://dx.doi.org/10.3390/nu10101479
http://www.ncbi.nlm.nih.gov/pubmed/30314289
http://dx.doi.org/10.3390/nu10122003
http://www.ncbi.nlm.nih.gov/pubmed/30567328
http://dx.doi.org/10.3390/nu11030570
http://www.ncbi.nlm.nih.gov/pubmed/30866420
http://dx.doi.org/10.1371/journal.pone.0185873


Nutrients 2019, 11, 1940 5 of 5

21. Harreiter, J.; Simmons, D.; Desoye, G.; Corcoy, R.; Adelantado, J.M.; Devlieger, R.; Galjaard, S.; Damm, P.;
Mathiesen, E.R.; Jensen, D.M.; et al. Nutritional Livestyle Interention in Obese Pregnant Women, Including
Lower Carbohydrate Intake, Is Associated with Increased Maternal Free Fatty Acids, 3-β-Hydroxybutyrate
and Fasting Glucose Concentrations: A Secondary Factorial Analysis of the European Multicenter,
Randomized Controlled DALI Livestyle Intervention Trial. Diabetes Care 2019, 42, 1380–1389.

22. Egan, A.M.; Simmons, D. Lessons learned from lifestyle prevention trials in gestational diabetes mellitus.
Diabet. Med. 2019, 36, 142–150. [CrossRef]

23. Callaway, L.K.; McIntyre, H.D.; Barrett, H.L.; Foxcroft, K.; Tremellen, A.; Lingwood, B.E.; Tobin, J.M.;
Wilkinson, S.; Kothari, A.; Morrison, M.; et al. Probiotics for the Prevention of Gestational Diabetes Mellitus
in Overweight and Obese Women: Findings From the SPRING Double-blind Randomized Controlled Trial.
Diabetes Care 2019, 42, 364–371. [CrossRef] [PubMed]

© 2019 by the author. 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/10.1111/dme.13772
http://dx.doi.org/10.2337/dc18-2248
http://www.ncbi.nlm.nih.gov/pubmed/30659070
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

