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Obesity in pregnancy has been directly associated with an increased risk of almost all pregnancy complications
such as gestational hypertension, preeclampsia, gestational diabetes mellitus (GDM), and premature delivery.
Thereby, according to current evidence available, life-style interventions to prevent pre-pregnancy overweight and
obesity in women of fertile age are necessary to reduce the negative impact of obesity on mother and child health.
Unhealthy dietary patterns, together with the increased consumption of processed foods rich in simple sugar and
sweeteners are some of the responsible, among others, for the increase in obesity rates during the last years.

Nevertheless, how its consumption can affect pregnancy outcomes and long-term children's health is still uncertain.

pregnancy gestational diabetes simple sugar preeclampsia obesity

metabolic programming

| 1. Introduction

It is well documented that the prevalence of obesity among children and adolescents has doubled around the world
in the last 30 years . Currently, one out of three children is overweight or obese &, leading to possible
cardiometabolic disturbances, mental health disorders and obesity during adulthood BI4!. |In addition, obesity has
also been linked to some types of cancer and even arthritis 2. Therefore, obesity comprises a large number of
multifactorial problems, including high blood pressure, insulin resistance and type 2 diabetes mellitus (T2DM), high

cholesterol concentrations, fatty liver disease, asthma, sleep apnea and joint pain, among others 8],

In most cases, obesity is the result of an excessive intake of calories that the body stores as fat. This excess of
energy mainly comes from foods rich in fat and sugar €. According to the World Health Organization, free sugars,
including added sugars, should be limited to less than 10% of daily calories . The Dietary Guidelines for
Americans (2015-2020) also recommends that added sugar should be reduced to less than 10% of total energy 8.
However, the results of 11 European surveys published by Azais-Braesco et al. @ showed that relative intakes of
sugar were higher in children (from 16 to 26% of total energy intake for both sexes) than in adults (from 15 and
21% of total energy intake for both sexes). Moreover, the National Health and Nutrition Examination Survey
(NHANES) of 2003-2004 to 2011-2012 19, showed that consumption of added sugars in absolute grams among
non-pregnant women was 76.7 g, being higher for pregnant women at 85.1 g. Sugar-sweetened beverages (SSB),
cakes, cookies, and pastries, sugars and sweets, juice drinks and smoothies, and milk desserts were the main

sugary foods chosen by pregnant and non-pregnant women.
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First, several observational studies and meta-analyses, both in adults and children, have reported that
consumption of sugary foods, especially SSB, is related to weight gain, obesity, metabolic syndrome, and T2DM
(L1[12]113] ' Several clinical studies have reported that higher consumption of added sugars from SSB is associated
with unhealthy lifestyles, poor-quality dietary patterns and greater total energy intake, which might explain weight
gain, gestational diabetes mellitus (GDM), hypertensive disorders and premature delivery, among other conditions
(Figure 1) W4ISIIEIATII8IINN0] Second, there is a large amount of clinical evidence showing that following a
healthy dietary pattern, which is by definition low in sugar-rich foods, such as the Mediterranean diet, can exert a
beneficial influence on adverse gestational and birth outcomes 21221 |ndeed, several studies have confirmed that
a healthy dietary pattern during pregnancy reduces the incidence of hypertensive disorders [ GDM [23]
premature birth 241 and low birth weight (23],
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Figure 1. Effects of sugary food consumption in pregnancy on mothers’ and childrens’ health.

Third, it has been well demonstrated that being obese before pregnancy and during gestation increases the risk of
obesity in childhood, adolescence, and adulthood. Thus, some authors have pointed out that the consumption of
sugary foods during gestation might exert a certain influence on intrauterine programming 28127 Thereby, it seems

clear that obesity has its origin in early life.

The purpose of this review was to investigate the possible relationship between sugary food consumption during
gestation and obesity in childhood and mid-childhood, as there is currently scarce documented information, with a
simple bibliographic review of the literature published in the last 20 years, evaluating humans, adults (>18 years)
and written in Spanish or English. The bibliographic search was performed through PubMed, ScienceDirect, and
Google Scholar from June 2020 to September 2020. The keywords used for this search were: pregnancy,

gestational diabetes mellitus, premature birth and low birth weight, preeclampsia, obesity and metabolic
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programming. We also investigated whether the impact of high sugary food intake on maternal health (excessive

weight gain) is associated with complications during pregnancy and the impact on the fetus.

| 2. Cravings during Pregnancy

During pregnancy, women report food cravings and aversions, which may lead to choosing to eat certain unhealthy
foods [28112239181] |t js estimated that between 50-90% of pregnant women have one or more food cravings during
gestation 22, These unhealthy foods often provide excess energy intake, which leads to gestational weight gain
(GWG) and the development of obesity in pregnancy 2. On the contrary, aversions are associated with limiting or
avoiding the intake of certain foods because of their association with vomiting and nausea [28. To date, the
mechanisms underlying food cravings are unknown, although physical and hormonal changes during pregnancy
might play a key role 1. Additionally, some authors have suggested that energy requirements during pregnancy
are increased, which might lead to having a preference for candies and sweet foods 2. In fact, Belzer et al. [
reported that US women with mild GDM without dietary restrictions (e.g., weight-loss oriented dietary advice or low-
sodium diets) showed a higher preference for this type of food. The most commonly craved foods during
pregnancy seem to be dairy products (ice cream) and sweet foods (chocolate, fruit and fruit juice) and, in a lower

proportion, salty foods (chips) B4,

A prenatal healthy dietary pattern is essential to avoid adverse gestational and birth outcomes B4, Therefore,

cravings for sugary foods are far from being considered part of a healthy diet.

| 3. Sugar Consumption and Pregnancy Complications

There is a large amount of evidence showing that sugar intake during pregnancy is directly associated with GWG
and the development of several pregnancy complications such as GDM, preeclampsia and preterm birth (Figure 2).
Below, we discuss how added sugars, sugary products, intrinsic sugar and SSB intake can impact maternal health

during pregnancy.
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Figure 2. Pre-gestational risk factors of glucose metabolism disturbances. Figure adapted from Agha-Jaffar et al.
28]

3.1. Weight Gain during Pregnancy

On one hand, it is clear that during pregnancy there is a steady stream of glucose from the mother’s placenta to
the fetus, being the main energy substrate for intrauterine growth 3. On the other hand, adequate GWG is also
important to ensure the healthy growth and development of the fetus 281, According to the Institute of Medicine,
obese women should limit their GWG to 5-9 Kg 4. Nevertheless, among 1,309,136 pregnant women of US
analyzed, it was estimated that close to 50% of pregnant women showed a higher than recommended GWG (28],
Currently, the prevalence of weight gain and obesity is increasing in the obstetric population by more than 40 and
50%, respectively 281391,

It is necessary to highlight that excessive gestational weight is associated with adverse effects during gestation,
such as small or large fetus for gestational age, macrosomia, cesarean delivery, preeclampsia, gestational
hypertension, preterm birth, small or large size for gestational age at birth or offspring obesity 4. Nevertheless, up

to now, few studies have investigated the possible direct association between sugary food intake and GWG.

According to the last Cochrane systematic review including 27 studies and 3964 women, there is no evidence that
a behavioral intervention based on the promotion of healthy dietary habits and regular physical activity can prevent
GWG during gestation. However, the results obtained in several studies have reported that exercise and caloric
restriction in obese pregnant women might prevent GWG. A meta-analysis that included 36 randomized trials with
12,526 women showed significant reductions of GWG in obese women that followed-up behavioral interventions
(diet and physical activity).
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A few interventional studies have also described this association . In a randomized controlled trial (RCT) carried out
by Poston et al. in 1555 obese pregnant women (mean body mass index, BMI = 36.3 kg/m?2, 15-18 weeks plus 6
days of gestation, and =16 years old), the women were randomized into two study arms: a behavioral intervention
and standard antenatal care (control group). After 8 health trainer-led sessions, the authors reported that the
women in the intervention group had less GWG over the total pregnancy than the control group, although the
primary outcomes did not differ between groups (25% vs. 26%, respectively; p = 0.68). In another RCT, 61
pregnant women (BMI > 25) in the first trimester were included and randomized into two study arms: a Therapeutic
Lifestyle Changes (TLC) Program and a control group. The TLC Program included changes in diet (overweight:
1700 kcal/day, obese: 1800 kcal/day) and mild physical activity (30 min/day, 3 times/week). After the intervention,
the authors reported that women assigned to the TLC group showed less GWG (6.7 + 4.3 kg) compared to
controls (10.1 + 5.6 kg, p = 0.047). Similar results were reported by Renault et al., who showed that only the
consumption of added sugar was associated with GWG. Furthermore, the sugary foods most strongly associated
with weight gain were sweets, snacks, cakes, and soft drinks. Women who consumed = 2 units/day of sweets
showed a 5.4 kg greater weight gain than those with a low (<1 week) sweet intake. Finally, Wattar et al. carried out
an RCT including 1252 pregnant women with metabolic risk factors. Of these, 593 women were randomly allocated
to Mediterranean-style diet intervention. The authors reported a lower GWG in the intervention group (mean 6.8
versus 8.3 kg; adjusted difference —1.2 kg, 95% confidence interval [Cl] —=2.2 to —-0.2, p = 0.03) compared to the

control group.

Several observational studies have also reported associations between sugar intake during gestation and excess
maternal weight gain 21421431 A |arge, prospective, Danish, cohort study, which included 46,262 pregnant women,
found a strong association between added sugar intake and GWG (Q5 vs. Q1: 34, 95% CI 28 to 40 g/week, p for
trend <0.0001), with an average extra weight gain of 1.4 kg during pregnancy. On the other hand, a higher
protein/carbohydrate ratio was related to lower GWG, possibly because of decreased added sugar intake.
Additionally, Diemert et al. found that 60% of pregnant women (N = 200) gained more weight than recommended.
Saturated fat and sugar were among the nutrients that most contributed to total energy consumption. There was a
positive correlation (p = 0.006) between weight gain and monosaccharides and saccharose. Similar results were
reported by Olafsdottir et al. after analyzing 495 pregnant women in Iceland. The authors reported that women who
ate more sweets in early pregnancy increased the risk of gaining excessive weight (OR = 2.52, Cl =1.10-5.77, p =
0.029). After analyzing 3360 pregnant Finnish women, Uusatilo et al. [43] also reported, that adherence to a higher
fast-food dietary pattern, characterized by high consumption of hamburgers, pizza, sweets, soft drinks and added
sugars, was strongly associated with GWG. Despite the fact that it is an observational study, causation cannot be
proved, while the results supported that frequent consumption of fast foods and snacks might influence excessive

GWG. Thus, recent evidence has shown that unhealthy dietary patterns are correlated with excessive GWG 411142]
[43],

3.2. Sugar Consumption and Gestational Diabetes

Up to 16% of pregnant women are diagnosed with GDM during pregnancy 44, For women with GDM, progression
to T2DM is estimated to be between 15 to 50% at 5 years 43, At present, the prevalence of GDM is rising because
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of the high incidence of both overweight and obesity around the world 28 highlighting that weight gain is a
significant predictor of T2DM at 15 years of follow-up 2. In the short- and long-term, GDM is associated with
serious obstetric and neonatal complications during gestation and childbirth, including an increased risk for both
the mother and child. Some examples are macrosomia, birth injury, cesarean delivery, offspring obesity, epigenetic

changes in children with a higher predisposition to both obesity and T2DM in adulthood, etc. 8],

There is robust evidence that reinforces how a healthy dietary pattern such as the Mediterranean diet can reduce
the incidence of GDM during pregnancy “#BABLB2ES One of the main variables directly related to the intake of
sugary foods is GWG which might also be a predictor for GDM B4IB3, Scientific evidence supports that a diet rich

in simple sugars might decrease insulin sensitivity and insulin secretion BI37],

In this sense, Mijatovic-Vukas et al. carried out a systematic review including the data of 30,871 pregnant women.
The authors reported significant associations between SSB and the risk of GDM (RR for pregnant women =5
weeks = 1.23, 95% CI: 1.05-1.45, p-value = 0.005). After considering different sub-types of SSB, the highest
association with GMD was observed for sugar-sweetened cola (RR high vs. low intake = 1.29, 95% CI: 1.07-1.55).
No significant associations were observed for non-cola SSB (RR high vs. low = 0.99, 95% CI: 0.78-1.25). Wattar et
al. [18] reported a reduction in the odds of GDM by 35%. The same authors designed a meta-analysis of RCTSs,
which included 2 trials and 2397 pregnant women who followed a Mediterranean diet supplemented with nuts and
extra virgin olive oil, where authors reported a significant reduction in GDM (OR = 0.67, 95% CI 0.53-0.84, 12 =
0%).

Nevertheless, RCTs based on behavioral interventions (changes in eating behavior and promotion of physical
activity) have shown contradictory results in GDM prevention. On one hand, some authors showed that energy
restriction plus the promotion of regular physical activity was associated with improved pregnancy complications,
such as GDM, gestational hypertension and preterm delivery in obese women . In contrast, Poston et al. observed
that the incidence of GMD in obese women was similar between the participants assigned to the intervention group
and the control group (26 and 25%, respectively). In addition, Wattar et al. reported a lower risk of GDM (35%) in
pregnant women who present metabolic risk factors (obesity, chronic hypertension, or hypertriglyceridemia) but

followed a Mediterranean-style diet.

Finally, the results obtained after analyzing 253 pregnant women (aged between 16 to 41 years) from the NHANES
survey showed that women who followed a diet rich in added sugar and viscera; low fruits, vegetables and seafood
had a higher risk of developing GDM than those with a diet based on a high intake of nuts, seeds, fat and soybean
and low milk and cheese intake. Additionally, in a prospective study that included 13,475 US women pre-
pregnancy, 860 incident GDM cases were identified after 10 years of follow-up. Furthermore, the authors reported
that pre-pregnancy women with a sugar-sweetened cola consumption = 5 servings per week had a higher risk of
GDM (22%) compared to those with a consumption of less than 1 serving/month. In this study, the authors did not
include juice intake in the analysis. Another study, the “Seguimiento Universidad de Navarra” (SUN) cohort, also
evaluated SSB consumption and the risk of developing GDM. In this case, the authors followed 3396 pre-

pregnancy women over 10 years. During this period, 172 new cases of GDM were diagnosed, and the authors
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reported that SSB consumption was strongly associated with a higher risk of GDM when they became pregnant
(OR = 2.03, 95% CI: 1.25-3.31). Nevertheless, they found no association between sugar-free soft drink intake and
the risk of GDM. A prospective Canadian study including 205 women with singleton pregnancies without type 1 or
type 2 diabetes found that adding sugar to coffee and tea was directly associated with a higher risk of

hyperglycemia.

3.3. Sugar Consumption and Preeclampsia

Preeclampsia can be defined as a disorder during pregnancy characterized by hypertension and often proteinuria
in healthy women B8, |t is a common pregnancy complication and affects between 2 to 8% of pregnancies
worldwide B2, |n addition, it is one of the most common causes of morbidity and mortality in both pregnant women

and their offspring [B8l8%. Both type 1 and 2 diabetes can further increase the risk of preeclampsia 61,

Although the known risk is associated with preeclampsia, the number of studies that correlate the consumption of

sugary foods with preeclampsia risk during pregnancy is limited .

In a prospective Norwegian study that included 32,933 normal and overweight pregnant women, a high intake of
SSB (2125 mL/day) was associated with a higher risk of preeclampsia (OR = 1.27, 95% CI: 1.05, 1.54) 811 while a
high intake of intrinsic sugars (such as dried and fresh fruit) was associated with a lower risk (OR = 0.79, 95% CI:
0.67, 0.93 and OR = 0.79, 95% CI: 0.68, 0.92, respectively). The authors also reported that high intake of sugar-
sweetened beverages in women with a BMI < 25 showed a stronger association with the risk of preeclampsia than
those with a BMI = 25 (OR 1.32 v. 1.28, respectively). Moreover, Clausen et al. reported that the risk of
preeclampsia was directly associated with high sucrose intake (>25% of total energy) after analyzing 3133
pregnant Norwegian women. The NHANES survey showed that every 12 oz. (~354 mL) of SBBs was associated
with a reduction of 2.3 points of the Alternate Healthy Eating Index modified for Pregnancy (AHEI-P) score, which
measured the quality of the diet. SSB intake was also associated with an intake of 124 more calories. The authors
estimated that SSB consumption, which was set at 0, should be an average AHEI-P of 6.4 and with an average
total calorie intake less than 203.5. Brantsaeter et al. investigated the association between different dietary
patterns during pregnancy and the risk of preeclampsia in 23,423 pregnant Norwegian women. They showed that
an unhealthy pattern, characterized by high consumption of processed meat, salty snacks, and sweet drinks, was
strongly associated with an increased risk of preeclampsia [OR for tertile 3 vs. tertile 1: 1.21; 95% CI: 1.03, 1.42].
However, the authors considered their results could be influenced by non-included confounding factors in the
analysis, thereby a causal inference between dietary habits and the risk of preeclampsia should be evaluated. A
prospective longitudinal cohort study, including 55,139 Danish women, found a harmful association between
following a Western diet and pregnancy-associated hypertension (PAH) which included gestational hypertension
(GH) and preeclampsia. Concretely, a higher adherence to a Western diet was associated with a higher risk for GH
(OR = 1.18; 95% CI 1.05-1.33) and preeclampsia (OR = 1.40; 95% CI 1.11-1.76). The authors did not find any
significant associations between a diet high in sugary products and GH (OR = 1.05; 95% CI 0.94-1.16) or
preeclampsia (OR = 1.10; 95% CI 0.90-1.35). Similar results were reported by Schoenaker et al., who analyzed

3582 women participating in the 9-year Australian Longitudinal Study on Women’s Health and found that a
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Mediterranean-style dietary pattern was inversely related to the risk of developing PAH compared to three other

dietary patterns (1. based on meat, high-fat, and sugary foods; 2. based on fruit and low-fat dairy; and 3. based on

cooked vegetables). However, the authors found no significant association between SSB and PAH.
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