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Abstract
Background: Vegetarian diets are currently experiencing increasing popularity
and are also becoming more common in pregnant women. Calcium plays a crucial
role for skeletal health and for physiologic processes during pregnancy for the
mother and foetus.
Aims: Our study aimed to evaluate calcium intake of vegetarian versus
nonvegetarian expectant mothers.
Materials and Methods: We searched PubMed and retrieved seven studies (six
prospective cohort and one cross‐sectional) for inclusion in our random‐effects
meta‐analysis. We calculated standardised mean differences (SMD).
Results: Results showed a significantly higher calcium intake in vegetarian than
nonvegetarian pregnant women [SMD: 0.25; 95% confidence interval (CI):
0.14, 0.36].
Discussion: Most studies showed that the recommendations for calcium intake
during pregnancy (ranging from 700 to 1200 mg/d) were met. Both vegetarian and
nonvegetarian pregnant women showed higher calcium intakes in Europe and
North America than in Asia. Serum calcium levels did not differ between
vegetarian and nonvegetarian pregnant women (SMD: − 0.15; 95% CI: −0.42,
0.11), confirming that the tight regulation of calcium metabolism is not affected by
dietary calcium intake.
Conclusion: To prevent inadequate calcium intake potentially associated with
adverse gestational outcomes, we recommend adherence to existing recommen-
dations by means of calcium supplementation (1.5–2 g/d), food fortification
strategies, or behavioural interventions.
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INTRODUCTION

In recent years, vegetarian and vegan diets have gained
substantial popularity. Approximately 5%–10% of European
and US populations are vegetarians and nearly 3% are
vegans, with an upward trend.1 Most vegetarians are female
and of child‐bearing age, implying that a sizeable number of
pregnant women follow a vegetarian, and possibly, vegan
diet.2

Whether meatless diets result in micronutrient deficien-
cies in pregnant women is controversial.3 For example,
current Dietary Guidelines for Americans do not provide
explicit recommendations for pregnant women who adhere
to a vegetarian or vegan diet.4 By comparison, the American
Academy of Nutrition and Dietetics advocates a plant‐
based, including vegan, diet during pregnancy, while the
German Nutritional Society does not recommend a vegan
diet during pregnancy.5
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The consumption of foods dense in vitamins, trace
elements and minerals is essential for both maternal and
foetal health.3,6,7 During pregnancy, the most crucial
micronutrients are folic acid, iodine and iron.6 Pregnant
women following a plant‐based diet should also ensure
adequate intakes of vitamin B12, docosahexaenoic acid
(DHA), calcium and zinc. Calcium specifically plays a major
role for the mineralisation of the foetal skeleton, especially
during the last gestational trimester and thus, contributes to
normal foetal growth. As insufficient calcium is linked to
hypertensive disorders like pre‐eclampsia that is associated
with an increased risk of maternal mortality and severe
foetal outcome the WHO recommends daily calcium
supplementation to prevent those morbidities.8–13

The assumption that dietary calcium intake of vegans is
below calcium status compared to vegetarians and omni-
vores in nonpregnant women and men of different ages is
described by various studies.14–16

However, to the best of our knowledge, the available
data on calcium status in women following plant‐based
diets during pregnancy have not been quantified in a meta‐
analysis.

To fill this research gap, we conducted a systematic
review and meta‐analysis of studies that compared calcium
intakes and serum calcium levels of vegetarian pregnant
women with their omnivorous counterparts.

METHODS

The current systematic review and meta‐analysis was based
on the reported recommendations of the Preferred Report-
ing Items for Systematic Reviews and Meta‐analysis
(PRISMA) statement.17,18 The PRISMA Checklist provides
a detailed overview of the procedures followed (Supporting
Information: Appendix S2).

Search strategy

We searched PubMed using search terms referring to
pregnancy, calcium measurements and vegetarianism.
Supporting Information: Appendix S1 shows a detailed list
of search terms. In addition, we searched lists of references
of articles included in the current review.

Definition of forms of diet (exposure)

Participants were considered following a vegetarian diet if
they consumed animal‐derived products except for meat, or
if they consumed meat less than once a month. Participants
were considered following a vegan diet if they did not
consume meat or animal‐derived products but, rather,
consumed plant‐based food only. Nonvegetarian pregnant
women were considered following an omnivorous diet and
served as the comparison group.

Inclusion criteria

Studies were considered eligible if they investigated the
relation between a plant‐based diet and calcium status
during pregnancy. We considered studies that followed an
observational study design (cohort, cross‐sectional and
case‐control), adequately reported calcium values (daily
calcium intake, serum calcium and urinary calcium) were
published in English or German language and included
clinically healthy pregnant women with ‘normal’ pregnancy
physiology without evidence of intestinal malabsorption.

Exclusion criteria

We excluded articles if the type of publication was
inadequate (narrative review, guideline and position paper).
In addition, we excluded intervention studies because in
such studies, exposure to a plant‐based diet during
pregnancy was too short to reflect long‐term, usual diet.
Furthermore, we excluded studies that reported calcium
measurements of participants who did not follow a meatless
diet, and studies that provided incomplete data [i.e., no
standard deviation (SD)].

Data extraction

Data extraction was carried out by M. K. and C. J. in
duplicate. We extracted the following data from each study:
name of first author, year of publication, study design, and
study region; type of diet (vegan, vegetarian or omnivore),
characteristics of participating population (sample size of
the dietary groups, gestational age at study assessment) and
calcium measurements (daily calcium intake in mg/d, serum
or urinary calcium concentrations in mmol/L). Studies were
used for quantitative analysis if the mean and standard
deviation of calcium values were included or could be
calculated from the data. We converted calcium values
reported as interquartile range (IQR) into the mean and SD
using the method by McGrath19 and we transformed
reported standard errors (SE) into SD. If available,
additional information on the study population was
extracted, including maternal age, religion, use of dietary
supplements, duration of vegetarianism (long‐term when
following a vegetarian diet for more than 5 years), and self‐
declared or externally assigned dietary status.

Statistical analysis

We pooled mean values of daily calcium intake and serum
calcium concentration and we performed random‐effects
meta‐analysis when at least two studies presented calcium
values. We did not pool studies of urinary calcium excretion
because there was only one available study on urinary
calcium and that study did not include a control
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population.20 Data of semi‐vegetarians were not taken into
consideration in the current paper as no generalised
definition could be derived from the corresponding
studies.21,22 Neither did we pool vegan studies because we
did not identify any such studies in our literature search.
We calculated the standardised mean difference (SMD) and
its corresponding 95% confidence interval (CI). Studies
reporting calcium measurements for different time periods
of pregnancy were grouped according to gestational
trimester. Additionally, we conducted tests for heterogene-
ity between studies by applying I2 and performed calcula-
tion of sample heterogeneity using H2; quantification of
between study variability is based on Tau2 statistics.
Statistical performance is based on the summary results
from the random effects model.23 We also tested for
publication bias using the funnel plot method as well as
Egger's regression test24 and Begg's rank correlation test.25

Moreover, we performed sensitivity analysis as well as
outlier and influence diagnostics.26

For all statistical analyses, we used version 4.0.3 of the R
packages ‘metafor’,27 ‘robumenta’,28 ‘dyplr’29 and ‘MAd’.30

RESULTS

We obtained 93 articles through PubMed and manual
searching after removing duplicates. Screening of titles and
abstracts resulted in 54 full‐text articles considered eligible.

Of these, we excluded 44 articles (for details see Figure 1:
PRISMA Flow Chart and Supporting Information:
Table S1). The remaining 10 studies reported daily intake
of calcium or serum calcium concentration of pregnant
women following a vegetarian diet and were examined for
qualitative analysis. Six of those 10 studies were considered
for quantitative meta‐analysis, of which one study presented
data from a previous investigation.32 Those data32 were
regarded as a separate investigation, resulting in a total of
seven studies for quantitative analysis.

Characteristics of included studies

The studies are various in geographic origin: two are from
North America,21,33 three are from Europe (United
Kingdom and Germany),22,32,34 and five are from Asia
(India and China).20,35–38 Furthermore, dietary assessment
based on subjective estimates by means of visual aid were
either food records, recalls for several days, 24 h‐recalls or
undefined methods.21,22,32,36 Some studies reported calcium
measurements separated for several pregnancy periods
which we pooled by gestational trimester,22,34 while other
studies had either restricted to one group of pregnant
women that were approximately at similar gestational ages
or summarised their results across several pregnancy
periods. All calcium measurements from the remaining
seven studies were from dietary intake only. One study that

F IGURE 1 Flow diagram of study selection for the meta‐analysis (Presentation according to Page, McKenzie, et al., 2021).31
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also included supplements in its records we only considered
calcium measurements excluding supplements for our
analysis.21 Seven studies were prospective cohort studies
and three studies used a cross‐sectional design. Two studies
did not have an omnivorous comparison group,20,35 one
study did not report the SD of mean calcium intake,33 and
another study did not show the number of participants in
each dietary group.38 Therefore, those four studies20,33,35,38

were not included in our quantitative analysis. Table 1
shows the main characteristics of the studies included.

Calcium intake in vegetarian and nonvegetarian
pregnant women

Main analysis: The analysis of daily dietary calcium intake
included four studies, comprising 752 vegetarian and 622
nonvegetarian pregnant women.21,22,32,36 The mean calcium
intake in vegetarian pregnant women was 1081.78 mg/d and
it was 1014.99 mg/d in nonvegetarian controls. The
difference in daily mean calcium intake between the two
dietary groups was significant (SMD: 0.25; 95% CI:
0.14, 0.36).

Subanalyses: We conducted subanalyses according to
study design (Figure 2). In cohort studies, we found a pooled
mean calcium intake of 1246.43mg/d in vegetarians, which
was higher than the calcium intake of 1213.00mg/d in
nonvegetarians (SMD: 0.19; 95% CI: –0.04, 0.4). In cross‐
sectional studies, calcium intake in vegetarians (587.85mg/d)
was also higher than in nonvegetarians (420.97mg/d; SMD:
0.32; 95% CI: 0.16, 0.48). The differences between study
designs were not significant.

We next performed subanalyses by study geographic
region (Figure 3). In studies from Asia, calcium intake was
587.85 mg/d in vegetarians, which was higher than calcium
intake of 420.97 mg/d in nonvegetarians (SMD: 0.32; 95%
CI: 0.16, 0.48). Likewise, in studies from Europe, calcium
intake was 1218.14 mg/d in vegetarians and it was
1129.00 mg/d in nonvegetarians (SMD: 0.21; 95% CI:
–0.06, 0.37). By comparison, a study from North America
reported calcium intake of 1303.00 mg/d in vegetarians and
1381.00 mg/d in nonvegetarians without a significant
difference (SMD: –0.13; 95% CI: –0.68, 0.42). With the
exception of that North American study, higher calcium
values in vegetarian than nonvegetarian women were
consistent across geographic regions.

The assessment of heterogeneity performed within the
random effects model between studies on calcium intake
revealed no incidence for major variations between the
included studies. The results yielded an I2 of 0.01%
(depicting total heterogeneity), a H2 of 1.00 (representing
sampling variability) and a Tau2 of 0.00 (estimating the
amount of heterogeneity). Based on a small number of
studies, the funnel plots and Begg's mixed‐effects meta‐
regression and Begg's rank test indicated no publication bias
(Supporting Information: Appendix S4).

Absolute mean calcium intake from pregnant
participants in comparison to calcium intake
recommendations by respective regions

As an additional endpoint, we examined calcium intakes
across studies to evaluate the adequacy of dietary calcium
intake. Studies from the United Kingdom,32 the United
States21 and Germany22 met the recommendations for daily
calcium intake in both dietary groups, while pregnant
women from the study conducted in India36 showed
inadequate calcium supply according to regional recom-
mendations. Supporting Information: Table S3 summarises
absolute daily mean calcium intakes for dietary groups of
pregnant women in juxtaposition to recommended calcium
supplies during pregnancy by different nutritional institu-
tions in different geographic regions.

Serum calcium concentrations in vegetarian and
nonvegetarian pregnant women

Based on three studies, serum calcium levels in vegetarians
(2.22 mmol/L) did not differ from those in nonvegetarians
(2.24 mmol/L; SMD: − 0.15; 95% CI: −0.42, 0.11).

Additional subanalyses showed that the relation between
diet and serum calcium levels was not modified by period of
gestation or study geographic region (Supporting Informa-
tion: Appendices S5 and S6).

Heterogeneity and variability between studies regarding
serum calcium concentrations was very low (I2 = 0.00%;
H2 = 1.00; Tau2 = 0.00). Based on the funnel plot method,
Egger's mixed‐effects meta‐regression and Begg's rank test,
we found no evidence for publication bias (Supporting
Information: Appendix S7).

DISCUSSION

Main findings

The results of our meta‐analysis showed a higher calcium
intake in vegetarian pregnant women than in nonvegetarian
pregnant women. The difference in dietary calcium intake
between vegetarian and nonvegetarian pregnant women did
not vary according to study design or study geographic
region. We also found that both vegetarian and nonvege-
tarian pregnant women showed higher calcium intakes in
Europe and North America than in Asia. Supporting
Information: Table S2 summarises all statistical analyses.

In general, most participants of studies that were either
considered for meta‐analysis or qualitative analysis met the
recommendations for calcium intake of their geographic
region. It is noticeable that pregnant women who did not
reach the recommendations were from Asian regions.
Studies from India20,33,35,36 reported that calcium intake
recommendations of participating women were not met,
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regardless of dietary affiliation, while in contrast, a study
from China stated that daily calcium supply was higher in
vegetarians than omnivores during pregnancy.38

Calcium bioavailability

General calcium recommendations are made against the
background of a 30% calcium absorption from food.
When selecting sources of dietary calcium, both the
abundance of calcium and bioavailability must be
considered. Phytates and oxalates derived in many
legumes and vegetables as well as fibres are limiting

intestinal calcium absorption. Due to the fact that
vegetarians relatively consume more plant foods and the
bioavailability of calcium is reduced compared to
nonvegetarians, people practicing vegetarianism should
increase their calcium supply by about 20%.7,12,14,39,40

Low oxalate plants therefore display a better source of
plant‐derived calcium than high oxalate plant foods
because of higher absorption effectivity.40 Another source
of dairy‐free calcium intake besides the consumption of
beverages or foods fortified with calcium salts is calcium‐
rich mineral water. Bioavailability and concentration of
calcium also is affected by several factors like water pH
and concentration of anions.41

F IGURE 2 Forest plot of SMD in calcium intake (mg/d) between vegetarian and nonvegetarian participants according to study design.
SMD, standardised mean differences.

F IGURE 3 Forest plot of SMD in calcium intake (mg/d) between vegetarian and nonvegetarian participants according to geographic
region. SMD, standardised mean differences.
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Calcium physiology and metabolism

Calcium is a mineral that has crucial functions in bone
structure, muscle contractions, intracellular signalling,
membrane potentials and neuronal activity. While most of
the calcium is stored in the skeleton, only a very small part
is relevant as free mobilised calcium in the serum, which is
therefore kept constant in a narrow range. Calcium
metabolism is controlled by a close interaction between
calciotropic hormones (parathyroid hormone, calcitonin
and calcitriol) and organs (small intestine, kidney and
skeleton).12,20,42,43 Calciotropic hormones limit wide fluctu-
ations in serum calcium levels, especially in terms of free
ionised calcium, which has major relevance for physiologi-
cal processes.12,42,44 In enterocytes of the upper small
intestine calcium is absorbed both actively transcellularly
and passively paracellularly. Active transcellular calcium
absorption lies under the stimulating influence of calcitriol
that upregulates the expression of apical and basolateral
calcium transporters and most importantly calbindin, an
intracellular calcium‐binding protein.43

Adaptation of calcium homoeostasis during
pregnancy

Increased demands of dietary calcium during pregnancy goes
along with physiological changes in calcium homoeostasis
within the process of maternofetal calcium transfer and the
body's preparation for lactation period after delivery.12,42 The
main mechanism to adapt to the enhanced calcium require-
ment is an almost doubled intestinal calcium absorption
already from a gestational age of 12 weeks driven by calcitonin
and further factors. This should ensure sufficient maternal
calcium stores even before maximal foetal calcium require-
ment in the last trimester, which at the same time serves to
protect the maternal skeleton. Pregnant women who have
chronically inadequate calcium intake (below 500mg/d)
therefore tend to have enhanced bone demineralisation.12,42

Total serum calcium levels decrease during pregnancy as a
consequence of gestational hemodilution, leading to lower
levels of albumin‐bound calcium which has no physiological
relevance as the active form of free ionised calcium remains
constant. As dietary calcium intake is not correlated with
serum calcium levels, it is not surprising that our meta‐analysis
showed that serum calcium levels are similar between
vegetarian and nonvegetarian pregnant women.20,45

Associations of low calcium intake during
pregnancy with maternal and foetal outcomes

Low daily calcium intakes during pregnancy as reported in
studies from Asian regions are associated with several adverse
maternal and foetal outcomes. Adverse effects on foetal health
are prematurity, reduced intrauterine growth resulting in
lower birthweight, and most importantly, poor bone

mineralisation. Adverse maternal outcomes related to poor
calcium supply during pregnancy include hypertensive
disorders such as pre‐eclampsia.8–13 The World Health
Organization (WHO) recommends calcium supplementation
of 1500–2000mg/d for the prevention of pre‐eclampsia, which
is still one of the main causes for maternal death, especially in
low‐ and middle‐income countries (LMICs).9,11,12,46,47

Global disparities in calcium intake during
pregnancy

Malnutrition, particularly micronutrient deficiency during
pregnancy, is a common issue in LMICs.36 Three of the four
Asian studies were performed in India, where low socio-
economic status, low levels of maternal education and lack
of nutrition awareness may lead to poor nutrition
status.20,35,36 The other Asian study was conducted in
Shaanxi, China.38 Calcium intake was described as insuffi-
cient in all four Asian studies.20,35,36,38 A meta‐analysis
evaluating global inequities in calcium consumption during
pregnancy showed results consistent with our findings.9

Calcium intake during pregnancy in high‐income countries
(HICs) (948.30 mg/d) versus LMICs (647.60 mg/d) revealed
a significant mean difference of approximately 300 mg/d of
calcium, confirming that a nutritional gap still exists
between HICs and LMICs (p < 0.00001). Approaches for
raising dietary calcium intakes in pregnant women range
from interventions targeting women's nutritional beha-
viours to supplementation and food fortification.9 A
systematic review on pregnancy outcomes in vegan and
vegetarian pregnant women concluded that vegetarian diets
have distinct correlates of poverty and prosperity across
geographic regions. While vegetarianism is linked to higher
education and income in affluent countries, it co‐exists with
limited availability of food or religious beliefs and traditions
(Hinduism) in countries with lower income.10 The compo-
sition of vegetarian diets in developed and developing
regions also differs. ‘Western’ vegetarian diets are often
richer in vitamins, fibre and trace elements compared to
mixed diets, while vegetarian diets in poorer regions are
characterised by a sizeable proportion of starchy staple
foods and hence, posing greater risk for nutritional
deficiencies.48

Positions on vegetarianism during pregnancy
in terms of calcium intake

Most studies reported adequate calcium intakes in vegetari-
ans and omnivores, with calcium intakes in vegetarian
pregnant women exceeding those of their nonvegetarian
counterparts, except for studies in LMICs. Thus, in terms of
calcium supply, we support the position of both the German
Society for Nutrition (DGE) and the American Academy of
Nutrition and Dietetics (AND) on vegetarian diet during
pregnancy. Both state‐balanced vegetarian diets to be
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nutritionally adequate when attention is paid to sufficient
micronutrient intake.3,5 Because no vegan pregnancy was
reported in any study considered in our meta‐analysis, we
cannot draw conclusions about calcium intake for vegan
diets during pregnancy. Pregnant women are at greater risk
for nutritional deficiencies, especially when following a
plant‐based diet. The DGE does not recommend a strictly
vegan diet while pregnant because such a diet lacks
numerous foods dense in micronutrients. However, the
DGE deems lacto‐ovo‐vegetarian diets adequate in micro-
nutrients when those diets are properly balanced and
planned. International positions on meatless diets during
pregnancy differ in their recommendations and are
sometimes contradictory because of varying food circum-
stances such as fortification in certain geographic regions.
For example, enrichment of grocery products with micro-
nutrients is mandatory in the United States, which results in
an overall lower risk of deficiencies in micronutrients in the
general population, and even a purely vegan diet is
considered adequate for pregnant women.49

Strengths and limitations

Potential shortcomings of our analysis include the small
number of studies and participants, limiting the precision of
our data. This is also the reason why we could not adjust for
potential confounders in our meta‐analysis. Also, some studies
assessed dietary intake several decades ago, where eating
behaviours differed from today especially regarding vegan and/
or vegetarian diets and an increased availability of plant based
dairy and meat alternatives. In addition, inaccuracies may have
occurred during the collection of data on calcium intake due
to subjective dietary assessment based on self‐report. Food
frequency questionnaires although representing the most
practical method in large prospective studies are limited in
explanatory power of adequately evaluating diet composition.
Furthermore, calcium intake was recorded across multiple
trimesters but the reports were not presented separately by
gestational age, making it difficult to summarise the data
according to pregnancy trimester.

Nutritional studies among pregnant women are sparse
and they sometimes report contradictory results, especially
in terms of vegetarian diets.10 Despite these limitations, the
major strength of our analysis is that, to the best of our
knowledge, the current study is the first meta‐analysis on
calcium intake in pregnant women following vegetarian
diets. Also, our paper references current nutritional advice
for pregnant women, some of which is contradictory.

CONCLUSION

There is an increasing demand for data regarding the risks
and benefits of vegetarian nutrition during pregnancy, a
vulnerable time period because diet has a considerable impact
on both maternal and foetal health. Our meta‐analysis

showed a significantly increased calcium intake in vegetarian
pregnant women compared to those adhering to nonvege-
tarian diets. Because of the limited number of available
studies in this area, we advocate further implementation of
large‐scale observational studies assessing micronutrient
status and calcium intake in vegetarian and vegan diets
during pregnancy.
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