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Abstract: A healthy and balanced diet is a critical requirement for pregnant women as it directly
influences both the mother’s and infant’s health. Poor maternal nutrition can lead to pregnancy-
related complications with undesirable effects on the fetus. This requirement is equally important for
pregnant women with celiac disease (CD) who are already on a gluten-free diet (GFD). Although the
GFD is the sole treatment option for CD, it still presents some challenges and confusion for celiac
women who wish to conceive. Poorly managed CD has been linked to miscarriages, preterm labor,
low birth weight, and stillbirths. Current CD guidelines primarily focus on screening, diagnosis,
treatment, and management but lack an evidence-based approach to determine appropriate energy
requirements, recommended weight gain during pregnancy, target macronutrient distribution from
the diet, the recommended intake of vitamins and minerals from diet and/or supplementation,
timing for starting supplementation, and advised portions of gluten-free foods during pregnancy.
We recommend and call for the development of such guidelines and/or authoritative papers in
the future.
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1. Introduction

Celiac disease (CD) is a multisystemic, chronic, immune-mediated inflammatory
condition of the small intestine [1]. It occurs in genetically susceptible individuals upon
ingestion of gluten, which is a storage protein found in wheat, rye, and barley [2]. The
consumption of gluten in such individuals triggers a T-cell-mediated immune response
that ultimately damages the enterocytes, leading to partial to total villous atrophy [3].
α-Gliadin, a component of gliadin, contains a 33-mer peptide that is particularly rich in
proline–glutamine sequences. Intestinal and pancreatic enzymes are unable to digest these
rigid amino acid sequences, resulting in their breakdown into relatively larger peptides.
These larger peptides pass through intercellular junctions and enter the lamina propria,
where they are deamidated by the tissue transglutaminase (tTG) enzyme. These deami-
dated gluten proteins are recognized by the HLA-DQ molecules, which activate CD4+ T
lymphocytes and secrete interferon (IFN)-γ, leading to the destruction of the small intesti-
nal mucosa [4]. CD has become a common intestinal disease, with a prevalence of more
than 1% worldwide [5]. Classical symptoms of CD include diarrhea, weight loss, and
abdominal pain. CD also includes extraintestinal manifestations, including iron-deficient
anemia, headaches, fatigue, joint pain, and reduced bone mineral density [2,3]. CD is
also associated with endocrine and neurological diseases, like type I diabetes, autism,
and gluten ataxia [6]. The diagnosis of CD is made following the European Society for
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Pediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN) criteria, which suggest
screening for CD based on symptoms and a first-line serological test, i.e., the IgA anti-tissue
transglutaminase antibody (IgA, anti-tTG) test. They further recommend examination of
characteristic changes in the duodenal biopsy (loss of villous structures, crypt hyperplasia,
lymphoplasmacytic predominance, and increased density of intraepithelial lymphocytes)
using duodenal endoscopy and biopsy, which is considered the gold-standard test for CD
diagnosis [5].

Lifelong strict adherence to a gluten-free diet (GFD) is the only accepted treatment
for CD so far [7]. To fulfill the requirements of the GFD, individuals with CD rely on
commercially available gluten-free products (GFPs). GFPs with less than 20 mg/kg of
gluten contamination are safe for daily consumption and can be labeled as gluten-free. This
safe threshold (<20 mg/kg gluten) has been endorsed by the Codex Alimentarius and other
agencies, such as the US Food and Drug Administration and the European Food Safety
Authority (EFSA) [8].

Celiac disease is one of the common autoimmune conditions in females. Untreated CD
in women is also associated with risks to fetal growth and their reproductive period [9–12].
The GFD requires extra care to meet the nutritional demands because the GFD/GFPs
(naturally occurring or commercially available) provide less nutrition compared to their
gluten-containing counterparts [13,14]. It has been reported that, among celiac patients
who follow a long-term (over 2 years) GFD with good compliance, nutritional deficiencies
still persist in 20–40% of patients [15]. Maternal CD may be a risk factor for key nutrients
during pregnancy, such as folate, iron, calcium, vitamin D, and vitamin B12 [16]. Females
with CD planning to conceive need to ensure their nutrition is at its best before pregnancy
to create a favorable environment for preimplantation and early differentiation for early
fetal and placental development [17]. Additionally, during pregnancy, a GFD plan should
be made to meet the energy and nutrient needs of both the mother and the infant to protect
them from complications [18].

Available CD guidelines mainly focus on disease screening, diagnosis, treatment, and
management but do not provide an evidence-based approach to determine the appropriate
energy and nutrient requirements in pregnant women with CD. No international guideline
or expert opinion providing recommendations regarding the energy, nutrient, supplement
requirements, and gluten-free food portions for pregnant women with CD has been found.
Therefore, in this review article, we aim to discuss the risk of a standard GFD (designed
for patients with CD) on maternal celiac pregnancy and fetal development. We explored if
there is a need for specific guidelines for pregnant women with CD already on a GFD or if
there is a need for amendments to current CD guidelines to provide recommendations for
a GFD with optimized nutrition to meet the nutrient needs of pregnant women with CD.

2. Celiac Disease, Pregnancy, and Fetal Development

An association between CD and pregnancy has long been recognized and different
pregnancy-related difficulties have been reported [19]. In a systemic review, Saccone et al.
reported that women with CD are at significantly higher risk of developing preterm birth,
intrauterine growth restriction, stillbirth, low birth weight, and being small for gestational
age [20]. The cause for reproductive abnormalities in CD has not been clearly understood.
However, malnutrition and the autoimmune mechanism are considered two significant
possibilities [21]. In the normal fertilization process, the female immune system usually
induces tolerance towards the embryo, but this tolerance induction remains insufficient
in a hyperactive immune system, such as in CD, which can reduce fertility and increase
miscarriage risk [22]. Immune effects in untreated CD women may put placental function
at risk by binding maternal autoantibodies to syncytiotrophoblast plasma membrane of
the placenta [23]. Undigested gliadin peptides induce innate and adaptive T-cell-mediated
immune responses [24]. The activated T cells secrete cytokines in T helper 1 and 2 patterns.
The T helper 1 pattern induces crypt hyperplasia or villous atrophy, whereas T helper 2
pattern mostly results in the production of specific IgA auto-antibodies to tTG (EMA) in
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patients with active CD [25]. The activation of T helper patterns may induce secondary
autoimmunity and lead to extraintestinal disorders, such as autoimmune thyroiditis, type
1 diabetes, liver disease, and rheumatologic disorders, in patients with CD [26]. CD
patients with extraintestinal disorders are at greater risk of developing adverse pregnancy
outcomes [27]. It has also been noted that the miscarriage rate is about six times greater
in untreated versus treated CD female patients [19]. Nevertheless, a long-term strict GFD
can prevent recurrent miscarriages. According to a case–control study, the relative risk
of abortion in maternal CD pregnancies already on a GFD decreases by nine times [28].
On the other hand, another study reported that approximately half of the study patients
following a GFD conceived within 1–4 years [29]. Therefore, the nutritional needs of the
GFD have become a promising hope in celiac women with infertility.

3. What Is a Gluten-Free Diet (GFD)

A GFD is a gluten-deprived diet specially developed for CD (and also recommended
for other gluten-related disorders) and is currently the only accepted and effective treatment
for CD [1]. It is based on the complete elimination of all gluten-containing foods from the
diet, including gluten proteins found in wheat (gliadin), barley (hordeins), rye (secalins),
and other closely related cereals [8]. A strict GFD gradually repairs the integrity of the
small intestinal mucosa by restoring the histology of the small bowel villous and promoting
small bowel healing. Adherence to a strict GFD improves celiac-related symptoms [30].

A GFD includes meat and its products, milk and its products, vegetables and fruits,
and, from the grain group, rice, corn, and pseudocereals such as amaranth, quinoa,
sorghum, and teff [31]. A description of gluten-free food is given in Figure 1.
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Figure 1. Gluten-free foods. Naturally gluten-free grains (corn, rice, and pseudocereals such as amaranth,
quinoa, sorghum, and teff); fruits (apple, pineapple, grape, melon, cherry, banana, pomegranate, etc.);
vegetables (tomato, cucumber, parsley, mint, carrot, eggplant, lettuce, etc.); meat and their products (beef,
chicken, fish, etc.); legumes (chickpea, bean, lentil, etc.); oil seeds (nut, walnut, almond, etc.), photos are
from thenounproject.com (accessed on 21 January 2024).

Conversely, gluten-containing foods include wheat, barley, rye, oats, and products
made from these grains such as starch, flour, bread, pasta, cake, etc. [31]. A description of
gluten-containing food is given in Figure 2.

Adopting a GFD is difficult mainly due to its palatability, limited availability, and high
cost [32]. However, poor adaptation to a GFD or an improperly balanced GFD (with an
excess intake of fats and simple sugars) is often associated with complications such as an
increased risk of malnutrition, nutrient deficiencies, obesity, cardiovascular risk, metabolic
syndrome, and fatty liver [33]. It has been reported that metabolic syndrome can develop
after 1 year of a GFD [34]. On the other hand, a GFD imposes a high treatment burden on
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patients with CD in terms of purchasing and preparing foods, difficulty eating outside the
home, concerns about the cost of food, and low taste acceptability [35].
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semolina, spelt, kamut, etc.); food items without a gluten-free label (wheat starch, wheat bran,
cracked wheat, and hydrolyzed wheat protein); food items that may contain gluten traces (emulsifiers,
seasonings, edible food colors, chips, processed meat, French fries, sausages, canned food, soups, and
tomato ketchup); gluten-removed drinks (brewed from gluten-containing grains), photos are from
thenounproject.com (accessed on 21 January 2024).

4. The Importance of GFD Adherence Assessment in Celiac Pregnancy Follow-Up

To follow a GFD, patients with CD are referred to consult an experienced dietitian
with prior experience in GFD diet counselling to receive a complete nutritional assessment
and GFD guidance.

Nutritional Assessment in CD

Nutritional assessment is routinely performed as part of medical therapy, since nutri-
tional status directly influences a patient’s response to illness. Both nutrient deficiencies
and excesses should be easily detectable with this evaluation. Van Megen et al. (2023)
found that women with CD had an unbalanced diet with a higher intake of total and
saturated fatty acids and a lower intake of fiber compared to the general population [36].
In another study, the anthropometric measurements (body cell mass index, fat-free mass
index, appendicular skeletal muscle index, and phase angle) were found to be lower in
patients with CD at diagnosis than in healthy controls. These findings emphasize the need
and importance of nutritional assessment and follow-up for patients with CD [37].

Brief medical and dietary history (including feeding ability), anthropometric measures
(e.g., weight and stature), and laboratory results are all part of a standard nutritional screen-
ing [38]. In-depth medical and dietary histories are part of a comprehensive nutritional
evaluation, which includes a measure of dietary intake, a complete physical examination,
further anthropometric evaluations (e.g., percentage weight loss, mid-arm muscle circum-
ference, or body mass index (BMI)), body composition (using tools such as computed
tomography and nuclear magnetic resonance, among others), hepatic biochemical mark-
ers (such as serum albumin level, transferrin, or retinol-binding protein), dynamometry,
calorimetry, and the estimation of nutritional requirements [39]. In addition to these objec-
tive facts, a clinician’s clinical judgment should be used to assess nutritional status. The
final part of a nutritional evaluation is the estimation of dietary requirements [38].

thenounproject.com
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Various governing bodies, including the Institute of Medicine (IOM), World Health
Organization (WHO), and Food and Agriculture Organization (FAO), provide primary
sources for information on requirements and recommendations of energy, nutrition, and
dietary intake for healthy and pregnant women. However, there is no specific expert
consensus for both patients with CD and maternal celiac pregnancy. This situation leads
to variations in clinical practices and increases the risk of under- or over-estimation of
energy and nutritional requirements. Failure to meet adequate energy and nutrient require-
ments during pregnancy negatively influences fetal growth and metabolic patterns, having
adverse later-life metabolic effects for the offspring [40].

5. The Role of GFD in Reproductive Outcomes of Maternal Celiac Pregnancy

Adherence to a GFD has shown positive effects on reproductive outcomes [28,29,41].
However, some complications have also been reported in women on a GFD [42]. Undiagnosed
CD or poor compliance with a GFD may lead to some nutritional deficiencies such as iron,
vitamin B12, folate, vitamin D, and calcium, which may further adversely impact outcomes
both in the fertilization process and fetal development [31,43]. The effect of GFD on pregnancy
outcomes is shown in Table 1.

Table 1. The effect of gluten-free diet on pregnancy outcomes.

Author Year Study Design Number of Participants (F) GFD Effect

Alecsandru et al. [41] 2019 Retrospective 690 GFD improved reproductive outcomes in
women that followed a GFD

Ayoub et al. [42] 2017 Descriptive
retrospective 173 The reproductive disorders associated with

CD respond very well under GFD

Tursi et al. [29] 2008 Case–control 13
GFD adherence helps in conceiving

(1–4 years with GFD adherence) in CD
women with recurrent miscarriage

Ciacci et al. [28] 1996 Case–control 94

GFD compliance shows incidence of
abortion, low birth weight babies, and

increased short breastfeeding periods in
celiac women.

6. Nutritional Risk Factors in Maternal Celiac Pregnancy and the Influence
on Fetus Development

Nutrient deficiency, often occurring in active CD, has historically been considered the
main cause of gynecologic disorders and adverse pregnancy outcomes associated with the
disease. Abnormal villous structure is considered a hallmark of CD, which generally results
in malabsorption. It can be related to the insufficient intake of macro- and micro-nutrients
in a GFD plan [31,44]. Since the major proximal parts of the intestine are affected in patients
with CD, the most common nutrient deficiencies are iron, calcium folate, and vitamin B12
absorbed from the ileum at the beginning of diagnosis. Additionally, calcium, phosphorus,
and vitamin D deficiencies may develop due to the elimination of milk and dairy products
from the diet due to the patient’s malabsorption status or secondary lactose intolerance
accompanying CD [31,44,45].

In addition, it has been reported that celiac women tend to have an unbalanced diet
with a higher intake of total and saturated fatty acids and a lower intake of fiber compared
to the general population [36]. Unbalanced dietary habits that result in a high BMI can be
associated with pregnancy complications such as pre-eclampsia, gestational hypertension,
and macrosomia [46]. In addition, during pregnancy, a GFD plan should be made to meet
the energy and nutrient needs of both the mother and the infant to protect them from
complications. Especially body mass index (BMI) in women is one of the influencing factors
that affect pregnancy outcomes. In a study, the BMI of participants at diagnosis reported
that 17.3% were underweight, 15.2% overweight, and 6.8% were obese [47]. The energy,
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carbohydrates, and fiber intake of celiac women is found to be low in CD women [48].
According to a systematic review and meta-analysis results, the daily micronutrient intake
of adult patients with celiac disease reported for iron 13.2 mg, calcium 1004.9 mg, and
vitamin D 5.1 mcg [49].

Important nutrients (carbohydrates, folic acid, iron, Vitamin B12 and D, etc.) associ-
ated with CD and the factors (weight gain and energy requirements) that influence fetal
development are explained in the following section.

6.1. Energy Requirements

Energy requirements in pregnancy are defined as dietary requirements necessary to
support optimal development of maternal tissues to support additional energy for fetal
growth and development [50]. Energy demand increases due to the mother’s weight gain
and the development of maternal and fetal tissue. To meet this energy demand, the mother
has to include extra energy in their diet plan, approximately 352–452 kcal in in the first and
third trimesters, respectively [51]. Many recommendations for energy and dietary intake
are based on observational studies and expert consensus for healthy pregnant women [52].
A theoretical model was developed by Hytten and Chamberlain (1991) to estimate the
energy requirements during pregnancy for well-nourished women [53]. However, the
energy needs of well-nourished women in developed societies during pregnancy may vary
compared to women of short stature or different weights in developing societies [52]. On
the other hand, current energy formulations do not reflect the needs of pregnant women
who are generally older, have more sedentary behaviors, have different body compositions,
or are in specific groups such as CD.

It has been reported that the energy expenditure and substrate oxidation utilization
change in individuals already following a GFD [54]. An important study that pays attention
to increased energy expenditure and decreased energy capacity in celiac patients on a GFD
is presented in [55]. These findings suggest that celiac-specific equations may be more
correct for determining energy needs. Additionally, in maternal celiac pregnancy, different
energy targets should be evaluated by accounting for all the factors that influence energy
expenditure such as trimester, pre-pregnancy BMI, body composition, increasing energy
demand, etc.

6.2. Body Mass Index (BMI)

A BMI is a ratio of weight-to-height. It has been developed to estimate the risk of
being overweight or underweight in people [56]. Maternal pre-pregnancy BMI, gestational
weight gain, and nutritional habits are associated with substantial risks for maternal and
child health [57]. Generally, CD individuals have a lower BMI than the regional population
at diagnosis [58]. Maternal BMI and weight gain or loss are related to the energy balance
between food intake and energy expenditure. Based on the suggestions by the International
of Medicine (IOM-2009), dietary energy intake can be determined by pre-pregnancy BMI
and maternal body weight [18]. The maternal weight gain and energy recommendations
for fetal development are given in Table 2.

As shown in Table 2, the IOM-2009 guideline categorizes gestational weight gain
(GWG) based on pre-pregnancy BMI. According to this guideline, for women with a normal
BMI (18.5–24.9 kg/m2), the recommended amount of weight gain during pregnancy is
11.5 kgs to 16.0 kgs and the recommended energy intake is 30 kcal/kg/day [59]. However,
this guideline has not been updated since 2009 and there are no suggestions for groups with
special diagnoses like CD. Maternal celiac pregnancy may need different weight gain and
energy requirement targets according to their BMI classification for better outcomes of infant
development. In addition, insufficient adherence to and/or an unbalanced GFD directly
influences the BMI and nutritional status of patients, increasing the risk of pregnancy
complications and affecting fetal development. Important factors that influence BMI are
discussed below.
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Table 2. The maternal weight gain and energy recommendation for fetal development according to
pre-pregnancy BMI.

Healthy Women Pregnancy Total Weight Gain ** Recommanded Daily
Energy Intake ** Maternal Celiac Pregnancy

Pre-pregnancy BMI (kg/m2) Range in kg kcal/kg/day

Underweight (<18.5) 12.5–18 36–40 N/A *

Normal weight (18.5–24.9) 11.5–16 30 N/A

Overweight (25.0–29.9) 7–11.5 24 N/A

Obese (≥30) 5–9 12–18 N/A

* No available data; ** based on (Mecacci, F., 2015 and IOM, 2009) [18,59].

6.3. Carbohydrates

Carbohydrates are the primary source of fuel for the human body and, most signif-
icantly, the brain is comprised of carbohydrates. Because glucose generated from carbo-
hydrates is the primary fuel utilized for intrauterine growth, pregnant women require
the energy provided by carbohydrate consumption to grow a healthy baby [60,61]. While
the main carbohydrate and energy source of the global dietary pattern is wheat and its
derivatives, the main grain sources of the GFD are maize and rice, minor cereals (sorghum,
teff, millet, and wild rice), and pseudo-cereals (quinoa, chia, and amaranth) [31,62,63].
Studies have found that CD individuals have a low carbohydrate intake for several reasons,
such as the tastelessness of alternative grain sources, limited availability, and the high
cost of gluten-free alternatives [64–66]. The daily recommended intake (DRI) for carbo-
hydrates during pregnancy is at least 175 g/d for normal women but there is no specific
suggestion about the carbohydrate requirements of celiac pregnant women [67]. A GFD is
characterized by its low complex carbohydrate and fiber intakes [64]. It is known that low
carbohydrate intake has negative effects on fetal growth and development by leading to
energy deficiency [60]. For this reason, the optimal complex carbohydrate and fiber intakes
in maternal celiac pregnancy should be determined based on future updated guideline
suggestions that will consider the disadvantages of GFD.

6.4. Folic Acid

Folic acid is an essential vitamin for the development of the brain and spinal cord and
must be supplemented for at least 1–3 months before conception to prevent neural tube
defects [65]. In normal conditions, the neural tube is developed by day 28 of gestation.

In folic acid deficiency, an opening at the lower end of the spine can produce spina
bifida that does not close fully, and this defect can lead to anencephaly, which is the
complete inability of the brain to develop [66]. Pregnancy complications that are related to
folic acid deficiency primarily include neural tube defects, and folic acid supplementation
has a 72% protective effect [65].

Folic acid is also involved in the structure of enzymes involved in the production of
red blood cells and hemoglobin. In folic acid deficiency, the number of white and red blood
cells decreases, which can lead to megaloblastic anemia [68].

The main sources of folic acid in the diet are organ meats, legumes, and green leafy
vegetables [69]. Although these food groups are even not forbidden on a GFD, folic acid
deficiency is highly reported in patients with CD, even in those who adhere to a GFD [31,70].
According to the DRI, the recommended folic acid requirement for pregnant women is
approximately 600 mcg/day, but there are no studies on the folic acid requirements for
pregnant women with CD [71,72]. The requirement of folic acid in maternal CD may be
increased due to intestinal malabsorption. Therefore, specific suggestions for folic acid
intake in maternal CD can be developed for better pregnancy outcomes by high-quality
research studies.
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6.5. Iron

Iron reserves in the mother at the time of conception are an excellent indicator of
maternal iron status as well as the likelihood of iron deficiency and anemia later in preg-
nancy [58]. Because iron plays an important role in the production of hemoglobin, cellular
oxygen delivery, electron transport, and enzymatic activity, the iron requirements of preg-
nant women are significantly increased [72]. This is because the increased oxygen demand,
which rises dramatically by 20 to 30%, the growth of the fetus, and the development of
appendages, including the placenta, all contribute to an increased need for iron [73]. Iron
deficiency anemia (IDA) is the most recognized type of anemia in patients with CD and
may be present in over half of patients at the time of diagnosis [74]. Maternal anemia
may increase the risk of low birth weight or premature babies. Therefore, dietary and
supplemental iron support is important for healthy infant development [73]. Diets contain
relatively small quantities of heme iron derived from meat and fish, which is always well
absorbed, so the iron bioavailability of foods of animal origin is higher than that of foods
of plant origin [74]. Even though a GFD contains animal foods, iron deficiency anemia is
commonly reported in individuals with CD [31,75].

According to expert opinions, pregnant women’s elemental iron requirements are
between 16 and 27 mg, but there is no specific recommendation for maternal celiac preg-
nancy [72,76]. Therefore, the amount of dietary iron sources and the dosage of iron sup-
plementation need to be determined carefully when planning the diet of pregnant women
with CD.

6.6. Calcium

Fetal growth requires a high demand of maternal calcium, especially in the third
trimester [77]. Maternal calcium intake is essential, and this high demand is to meet
increased intestinal calcium absorption. İntestinal malabsorption of calcium may lead to
intrauterine growth restriction, low birth weight, poor bone mineralization, and preterm
birth, whereas maternal risks include hypertension and pre-eclampsia [78]. The dietary
calcium intake is mainly from dairy products, but the calcium intake is reported to be low in
patients with CD because of intestinal malabsorption or lactose intolerance [31,45]. Calcium
intakes of 1000 mg/day are recommended for pregnant women by the EFSA and FAO of
the United Nations, whereas calcium intakes of 950–1000 mg/day are recommended for
non-pregnant adults (aged 19–50). There is no specific recommendation for CD [72,79,80].
More than 50% of untreated patients with CD have bone loss detected by bone densitometry
(dual-energy X-ray absorptiometry: DEXA) [81]. According to one of the systematic reviews,
GFD adherence resulted in partial recovery of bone density in one year, and full recovery in
five years [82]. Undiagnosed celiac patients, or those between 1 and 5 years after diagnosis,
remain at great risk in terms of calcium requirements that influence fetal development.
Calcium intake requirements may differ in pregnant women with CD, which depends on
the diagnosis period and GFD adherence.

6.7. Vitamin D

During pregnancy, women need to maintain enough vitamin D levels, especially to
meet their unborn children’s calcium needs for bone mineral growth [83]. Reduced bone
mineral density is frequently found in adults with CD, and dietary guidelines recommend
vitamin D supplementation for both adults and children with CD [84]. Vitamin D supple-
mentation reduces the risk of gestational diabetes, pre-eclampsia, and possibly the risk
of low birth weight and being small for gestational age [85]. The recommended intake of
vitamin D set by expert opinion is 600 IU/d but, in terms of maternal CD, there is currently
insufficient evidence to support definite clinical recommendations regarding vitamin D
supplementation during pregnancy [72,86].
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6.8. Vitamin B12

Vitamin B12 plays an active role in the formation and myelination of nerve cells. In
addition, it is essential for DNA synthesis, cellular energy production, and the enzyme
system that helps regulate homocysteine levels [87]. In cases of vitamin B12 deficiency,
homocysteine levels increase in the blood, which is associated with pre-eclampsia, a
common condition in pregnancy. Therefore, it is recommended to maintain a blood vitamin
B12 level of 300 ng/L before conception since a level of vitamin B12 < 250 ng/L during
pregnancy increases the risk of neural tube defects [88]. The requirement of vitamin B12 in
pregnant women differs from 2.6 to 4.5 mcg/day. The recent research has not determined
vitamin B12 requirements of a pregnant women with CD. Dietary sources of vitamin B12
are animal origin, especially red meat, because of higher bioavailability than plant-based
sources [87]. Although animal meats are not prohibited on the GFD, vitamin B12 deficiency
can still occur in people with CD, even with supplementation usage [89,90]. Therefore, it is
important to regularly check vitamin B12 levels in the blood, especially in pregnant women
with CD, for the fetus and infant development.

The GFD becomes a nutritional connection between the fetus and pregnant woman
with CD. Therefore, a GFD should be properly planned to meet the nutritional demands of
the fetus. However; the key nutritional risk factors in maternal celiac pregnancy that still
need to be addressed are summarized in Figure 3.
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7. Current Status of Nutritional Guidelines for Pregnant Women with Celiac Disease

Nutrition during pregnancy is a primary factor affecting fetal development, but
available CD guidelines do not provide an evidence-based approach to determine the
appropriate energy and nutrient requirements for pregnant women with CD. These guide-
lines also lack information on the most effective and safe dosages, the optimal dosing
regimen (daily, intermittent, or single doses), the timing and initiation of vitamin–mineral
supplementation, and the interactions of vitamin and minerals.

Reduced levels of iron, folate, vitamin B12, vitamin D, and calcium are common in
untreated CD, and some of these deficiencies can persist even after the removal of gluten
from the diet or during a short window of supplementation [70]. The recommended intake
of these nutrients for normal pregnant women is summarized in Table 3, but there is no
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available information regarding maternal celiac pregnancy. The celiac patients routinely use
vitamin–mineral supplementation in varying doses (Table 3). Considering the vital effects of
these vitamins and energy requirements on fetal development, GFD must be individualized
in terms of individual dietary risks for each pregnant celiac woman. The recommendations
of supplementation for these groups are generally based on blood level of micronutrients
and personalized recommendations. On the other hand, there is no categorization in terms
of adequate intake or tolerable upper-limit definitions of nutrients [15]. It seems that celiac
patients tend to use higher doses of vitamin–mineral supplements in clinical practice than
the recommended intake of healthy individuals (Table 3).

Table 3. Summary of tolerable upper limits and recommendations for intake of nutrients in healthy,
pregnant, and celiac women groups.

Safety Limit (Tolerable Upper Limit) per Day Recommended Intake Level from Food or Supplements per Day

Food Sources Normal
Women Pregnant Women Celiac

Patients

Celiac
Pregnant
Women

Normal
Women

Pregnant
Women Celiac Patients

Celiac
Pregnant
Women

Folic
acid

Legumes, leafy
green vegetables,

broccoli,
asparagus, and

avocado

EU and US:
1000 mcg

EU and US:
1000 mcg N/A N/A EU: 330 mcg

US: 400 mcg
EU and US:

400–600 mcg

a. 800 mcg/day
b. 1 mg/day of folic

acid for 3 months
and once diarrhea

improves
400–800 mcg/day

N/A

Iron

Red meat; plant
source such as
legumes, nuts,
and dark green

vegetables is
poorly absorbed

EU: No
adequate
data to

derive a
tolerable

upper limit.
US: 45 mg

None set in the
EU: although

supplementation
in the absence of
deficiency is not

recommended US:
45 mg based on
gastrointestinal
side effects only

N/A N/A EU: 16 mg
US: 18 mg

EU: 16 mg
US: 27 mg

Iron supplements
(325 mg) 1–3 tablets

based on initial
ferritin level until

iron stores are
restored. Consider i.v.

iron for severe
symptomatic iron

deficiency anemia or
intolerance of oral

iron

N/A

Vitamin
B12

Animal products
such as meat,

eggs,
dairy, and fish

None set

None set; usual
intakes 35 mcg,
but 1000 mcg in
malabsorption is

commonly
administered

N/A N/A EU: 4 mcg
US: 2.4 mcg

EU: 4.5 mcg
US: 2.6 mcg

a. 500 mcg/day
b. 1000 mcg orally
until the level is
normal and then

consider daily
gluten-free

multivitamin/mineral
supplement

N/A

Vitamin
D Sun exposure EU and US:

4000 IU
EU: and US:

4000 IU N/A N/A EU and USA:
600 IU

EU: and US:
600 IU although

this is highly
conservative

and 1500 IU may
be better to

reach optimal
levels.

Vitamin D: 1000 (or
more-based serum
level) U.I./day or

50.000 IU. weekly if
level is <20 ng/mL.

N/A

Calcium
Dairy, nuts, tofu,
and tinned fish

with bones

EU:
2500 mg

US:
2000 mg

EU: and US:
2500 mg N/A N/A

EU:
950–1000 mg
US: 1000 mg

US: and EU:
1000 mg

Calcium
recommended intake
of calcium, including
supplementation, for
patients with CD is
1200–1500 mg/day.

N/A

Adapted from [15,91], N/A: no available data, EU: European Union, US: United States, IU: International Unit.

While a clear explanation has been provided for normal pregnancy, significant limita-
tions exist in evaluating the exact limit of evidence needed to make dietary recommenda-
tions, and it is still a big challenge to determine the correct levels of energy and nutritional
requirements for more specific groups, such as maternal celiac pregnancy. The nutritional
research challenges often include large individual differences in maternal adaptation to
pregnancy, difficulties in accurately measuring maternal diet, ethical and practical issues
of experimenting with pregnant people, challenges in determining the effects of specific
nutrients in the context of the entire diet, and the lack of a good animal model that can be
directly extrapolated to humans [92].
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In addition, the randomized nutritional control methodology in pregnancy has some
different steps from drug/supplement utilization because it may be an ethical issue to
reduce directly nutrient intakes in pregnant women for comparison as a “control” group.
The control group may be selected according to malnutrition situation and/or who has a
lower BMI or different body composition.

Even though the usage of supplementations in pregnancy is common, there is not a
local and/or global authority to approve dietary supplements for safety and effectiveness
or to approve their labeling for clinical usage yet [91,93,94]. If the dietary intake of energy,
macro-, and micronutrients is sufficient from the diet and the nutrition indicators in blood
are in the normal range, the recommended intake and/or tolerable upper limits of supple-
mentation usage need to be proven by randomized control trials for each trimester between
healthy and celiac pregnancy (Table 3).

Nutrient deficiencies in CD may also develop over time, which are not always re-
solved during a short or long window of supplementation. Especially in celiac patients
who have followed a GFD with supplementation usage for more than 2 years with good
compliance, it has been reported that nutritional deficiencies still persist in 20–40% of
patients [15]. It could be argued that this is even more important during pregnancy, as
beginning supplements in the first or second trimester may not be a sufficient time frame in
which to affect the development of the fetus [91]. On the other hand, the energy and dietary
requirement in celiac pregnancy needs to be categorized by each trimester to prevent fetal
complications [95].

Therefore, we need specific guidelines and/or position papers to determine the nutritional
needs of pregnant women or other specific groups. Nutritional guidelines and/or position
papers are the primary reference sources to determine nutrition and dietetic management in clin-
ical practice. Authorities around the world that regularly publish nutritional guidelines include
the American Society for Parenteral and Enteral Nutrition (ASPEN) [96], the European Society
for Clinical Nutrition and Metabolism (ESPEN) [97], ESPGHAN [98], the North American
Society For Pediatric Gastroenterology, Hepatology & Nutrition (NASPGHAN) [99], the Food
and Agriculture Organization (FAO) [93], and the World Health Organization (WHO) [100].

These authorities frequently published dietary guidelines between 2015 and 2020
about allergies, critical illness, neonatal nutrition, pediatric nutrition, parenteral and enteral
nutrition, micronutrients, probiotics, and malnutrition [96–102]. The current elaboration
on the nutrition and dietetic management of illnesses includes some critical points. For
example, ESPGHAN is recommended for children with neurological impairment, Schofield,
and the Andrew et al. equations to estimate their calorie needs [103]. On the other hand,
mid-upper arm circumference and triceps skin folds are suggested for use to evaluate the
nutritional status of children with end-stage liver disease [104].

However, to plan the nutritional needs of patients with CD, guidelines from Europe
and America and various scientific authorities are used. These guidelines generally aim
to identify effective strategies for the diagnosis and follow-up of CD [105]. However, the
ESPGHAN guideline is widely accepted and provides directions for CD screening, diag-
nosis, treatment, and management [106]. The most recent position paper published by
ESPGAN (2022) is related to the management and follow-up of children and adolescents
with CD. This guideline primarily focuses on 10 questions: (1) Is the clinical nutrition and di-
etetic follow-up and management of CD needed? (2) Who should do the follow-up of which
patients, and what is the role of the dietitian? What is the role of self-care and e-health?
(3) What should be the frequency of follow-up, and what should be assessed? (4) Questions
related to adherence to a GFD, such as the role of detecting gluten immunogenic peptides
(GIPs) or new nutritional indicators in the assessing compliance to a GFD. (5) Questions
related to common issues during follow-up and management, such as how to treat anemia
and/or sarcopenia or how chronic tiredness can be controlled in CD. (6) Questions about
specific issues during follow-up and management (i.e., how to approach persistent high
serum levels of antibodies against tissue-transglutaminase). (7) Should the quality of life
(QOL) be assessed during follow-up and, if so, how? (8) Should the follow-up of children
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with special situations be different from that of the average CD patient? (9) How to im-
prove communication: to parents? To patients? (10) How to organize the transition from
pediatric care to adult health care [107]. However, there are no nutritional guidelines that
explain nutritional demands of most common comorbid situations in CD such as type 1
diabetes, pregnancy, thyroiditis, etc. Guidelines developed for the diagnosis and follow-up
of patients with CD are inadequate for experts to determine the energy and nutrient needs
for special situations such as pregnancy. As the age of celiac diagnosis increases, especially
in the female age group, gluten-free nutrition guidelines need to be more detailed.

8. Expectations from Guidelines for Pregnant Women with Celiac Disease

The main expectations of nutritional and dietetic guidelines in pregnancy with CD
should be to provide advice on what to eat and drink to meet nutrient needs, promote
health, and prevent disease. Alternatively, disease-based clinical guidelines are systemat-
ically developed, evidence-based/evidence-informed statements and recommendations
that assist and guide practitioner and patient decisions about appropriate nutrition care
for specific clinical circumstances. This includes but is not limited to the role of specific
diagnostic and treatment modalities in managing patients. Clinical guidelines are devel-
oped by multidisciplinary panels of experts based on evidence from a rigorous systematic
review and evaluation of the published medical and health literature. Limited clinical
nutritional trials in celiac patients prevent the development of high-level recommendations,
and variations between expert opinions may lead to over- or underestimation of nutritional
needs, which directly influences fetal development.

9. What Problems Should Guidelines for Pregnant Women with Celiac Disease Solve?

According to our nutrition and clinical dietetic experiments, the most common con-
cerns for maternal celiac pregnancies include, but are not limited to, determining the most
appropriate energy formulations and requirements, the recommended weight gain during
pregnancy, the target macronutrient distribution from the diet, the recommended intake
of vitamin and minerals from diet and/or supplementation, the timing and dosage of
supplementation, and the advised gluten-free food portions during pregnancy and new
nutritional and clinical indicators to follow up diet adaptation.

10. Conclusions

Available guidelines for CD mainly focus on screening, diagnosis, treatment, and
management but do not provide an evidence-based approach to determine the appropriate
energy and nutrient requirements for pregnant women with CD. There is a need for specific
guidelines or amendments to the current CD guidelines to provide recommendations
on a GFD with optimized nutrition to meet the nutrient needs of pregnant women with
CD for pregnant women. Such guidelines should suggest the appropriate amount of
energy requirements and formulations, recommended weight gain during pregnancy,
target macronutrient distribution from the diet, the recommended intake of vitamins and
minerals from diet and/or supplementation, the starting timing, duration and dosage of
supplementation, and the advised gluten-free food portions during pregnancy and new
nutritional and clinical indicator to follow up diet adaptation. We recommend and advocate
for developing such guidelines and/or authoritative papers in the near future.
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