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Abstract

Summary This review shows the estimated calcium intake in Spain in recent years. Our results indicate that adolescents and the
elderly are at risk of insufficient calcium intake. By using the national and the European recommendations, this work contributes
to map and compare population’s dietary calcium intake in the European countries.

Purpose and Methods The present work aims to examine calcium intake in the healthy Spanish population of any age and
analyze its adequacy to the calcium Recommended Dietary Intake (RDI) for different groups in Spanish population, as well to the
Adequate Intake (Al) or Population Reference Intake (PRI) estimated by European Food Safety Authority (EFSA). Forty-three
studies published in the last 5 years were eligible for review.

Results and Conclusions The results show that infants and children exceed Spanish and EFSA dietary recommendations, adults
meet more that 80% of the RDI and EFSA recommendations, and the estimated average calcium intake in the adolescent and
elderly groups does not reach 75% of the recommended intake. Representative national studies with a common methodology to

estimate calcium intake are needed.

Keywords Calcium intake - Spain - Dietary recommended intake - EFSA recommended intake

Introduction

Osteoporosis, fractures, and bone-related diseases represent
one of the greatest health risks for individuals aged 50 years
or more and are a major public health problem in Europe. In
2015, there were an estimated 20 million individuals with
osteoporosis in the largest five EU countries and Sweden
(EUG). Total fragility fractures in Spain are estimated to in-
crease by 28.8% by 2030 [1].

There are modifiable risk factors associated with osteopo-
rosis, most notably calcium intake. Peak bone mass is a strong
determinant of osteoporosis risk in later life [2] and thus mea-
sures to improve childhood bone health to peak represent an
important public health objective.
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Calcium has long been known to be essential for the main-
tenance of good bone health at any age [1, 2]. The
Recommended Dietary Intake (RDI) for calcium for different
groups in Spanish population [3], as well the Adequate Intake
(AI) or Population Reference Intake (PRI) estimated by
European Food Safety Authority (EFSA) [4], was designed
with the aim of promoting higher bone density and avoiding
osteoporotic fractures. The estimation of calcium intake by age
group has been referenced in different studies [5—7]. However,
in recent years, there is no reference that has explored the ade-
quacy of calcium intake in the Spanish general population.

This narrative review aims to examine the literature on the
average calcium intake of the general Spanish population. In
addition, the findings on calcium intakes will be compared
with Spanish and EFSA recommended calcium guidelines.

Methodology
Data sources and search strategy

To identify studies published in English or Spanish evaluating
calcium intake in the general Spanish population, we searched
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electronically from August to September 2019 the following
database: Web of Science and MEDLINE. Each database was
searched with the following keywords and Booleans: calcium
AND/OR intake AND/OR Spain. Due to the local nature of
the study, a second search was carried out in the Spanish
Warning Dissemination Network (Dialnet) with the following
keyword and Boolean: calcium AND intake.

Inclusion and exclusion criteria

Primary research observational studies were eligible if they
investigated calcium intake of healthy Caucasian Spanish peo-
ple at any age. There were no restrictions on the sample size,
sex, or physiological situation. Studies were required to pub-
lish calcium intake a day in the last 5 years (2014-2019).
Studies were excluded if they assessed calcium intake in for-
eign people or with chronic diseases and in elite athletes.
Studies reporting calcium intake during dietetic treatments or
intake calcium from supplements were excluded.

Titles and abstracts of studies identified through search
processes were screened for inclusion. The remaining studies
were retrieved in full text and assessed for eligibility. The final
decision on inclusion of studies was made by consensus of all
researchers.

Data collection

Data extracted from eligible studies included authors, year of
publication, population characteristics including number, gen-
der and age of participants calcium intake assessment method,
and calcium intakes.

Studies were quality rated according to the Quality Criteria
Checklist primary research created by the Academy of
Nutrition and Dietetics (Table 1) [8]. The Checklist included
four relevance questions and ten validity questions based on
the domains of Agency for Healthcare Research and Quality
for research studies. If six or more of the answers are “No,” the
report should be designates with negative on the Evidence
Worksheet. If the answers to validity questions 2, 3, 6, and 7
do not indicate that the study is exceptionally strong, the qual-
ity rating is designated as neutral. If the majority of the an-
swers are “Yes” included 2, 3, 6, and 7 plus 1 additional
“Yes,” the quality rating is designated as positive.

Results

Characteristics of the studies

As shown in Fig. 1, after removal of duplicates, 299 articles
were screened. The majority of studies were excluded on the

basis of the title and abstract, with the 64 articles undergoing
further review and 43 were eligible for critical appraisal.

@ Springer

Different study designs have been found: descriptive cross
sectional studies [6, 11-19, 23-25, 28, 30-33, 36-38, 40,
41], cross sectional studies with control group [21, 22, 34,
44], case—control studies [10, 20, 29, 43], randomized con-
trolled trial [27, 35, 39], cohort studies [9, 26, 45, 46], one
prospective study [42], and four PhD Studies [47-50].

Calcium intake assessment

Dietary assessment methods include objective observation and
subjective report. The objective observation embraces a dupli-
cate diet approach or food consumption record by a trained
research staff. The subjective dietary assessment methods,
which assess an individual’s intake, include the 24-h dietary
recall (24HR), dietary record (DR), dietary history, and Food
Frequency Questionnaire (FFQ), and data are collected with the
help of a trained interviewer or by self-report [S1].

Depending on the study’s objective, some methods seem to
be more appropriate. When the objective requires quantitative
estimates of intake, the 24-h recall and possibly the food re-
cord instruments are recommended [52]. However, various
FFQs have been widely employed as a practical instrument
since the 1990s, possibly because this method enables the
assessment of long-term dietary intakes in a relatively simple,
cost-effective, and time-efficient manner. Furthermore, quan-
titative and semi-quantitative FFQ ask responders to estimate
consumed ration size in dietetic scale or grams or present
standard rations [53, 54].

Table 4 shows the dietary assessment methods chosen by
the authors to estimate calcium intake in the studies included
in this review. The most widely used method was 24-h recall,
which was utilized in eighteen out of the studies (41%).
However, there are differences between the questionnaires
employed regarding the number of days, days consecutively,
and week and weekend days. Most of the studies collect the
information by a total of 3 complete 24-h recall days divided
into two weekdays and one weekend day [9, 12-16, 30].
Almarcegui et al. [9] also differentiate weekdays vs weekend
days but with a total of 2 x 24-h recall. By administrating
homogeneously, the recall from Monday to Sunday
Bibilioni et al. [11] also differs week vs weekend days.

In 31.82% of the studies, Food Frequency Questionnaire
was used as the calcium assessment method. In general, all
studies have selected a validated questionnaire or have vali-
dated it previously. We have found differences on the type of
questionnaire, time-specific period, and item number.
Concerning the first concept, 5 FFQ were quantitative [34,
44] or semi-quantitative [22, 35, 40] ranging from 54 to 140
items. The time-specific period varies by being annual [29,
43] or monthly [20, 21].

A self-reported account of all foods and beverages con-
sumed by a respondent over one or more days (n—Food
Record) is the most widely used method in childhood.



161

Page 3 of 14

Arch Osteoporos (2020) 15: 161

[ennaN. SOX SO SO SO SOX ON SOX ON SOX SOX
[vel
(9100) e R
JennoN SOX SOX SOX SO SOX ON SOX ON SOX soX  ®10qoT mSamer
[e7] (8100)
[ennoN SO SO SO SOA SOA ON ON ON SOA SO ‘Te 30 SBAIOH
[c2]
(8100) T30
QATIISOJ SOX SOX SOX SOX SOX ON SOX SOX SOX SOX Ze1(J-Zo1nn0
(1]
#100) Te R
[ennaN SOA SOA SOA SOA SOA ON SOA SOA Ted[ou) SO UOINIG-ZoWOoN)
lo7] #100)
QATISOJ Ieapoun) SO SO SO SOX ON SOX SOX SOX SOX  '[e 30 J OUBqQLIOSH
le1]
(L100) T2 30
[ennaN. Ieapoun SO SO SO SOX ON SOX ON SOA SO epouezueA-epofq
(811 (¥102)
[ennaN SO SO SO SO SOX ON SOX ON SOX SOX  [e 10 9ARIL BIN
[L1] (5100)
[ennaN SO SO SO SO SOX ON SOX ON SOX SO ‘Te 10 newe(y
[o1]
(8100) Te ®
JEAEING SOA SOA SOA SOA SOA ON SOA ON SOA SOA  Zon3Lpoy Balo))
[s1]
(8100) T2 10
[ennaN SO SO SO SO SOX ON SOX ON Iedpoun) SO zonSupoy varo)
[r1]
(9100) Te R
JEAIEING Ted[oun) SOA SOA SOA SOA ON SOA ON SOA SOA  Zon3Lpoy Bal0)
le1]
9100) T8 30
JennoN SOX SOX SO SO SOX ON SOX ON SOX SO zonSupoy earo)
1]
(9100 T8 32
JLEAIEING SOA SOA SOA SOA SOA ON SOA ON SOA SOA  Zon3Lpoy Balo))
(1] 100
[ennaN SOA SO SO SO SOA Jedoun) SOA ON SOA SO ‘Te 32 oyiqIg
lor]
QAIISOJ SO SO SOA SO SOA ON SOA SOA SOA SOA  (L107) Te 1@ oiqeg
l6] (5100)
[ennaN SOX SOX SOX SOX SOX ON SOX SOX Ied0UN SOX e 30 m3oomgwy
(SBlq
JAeyIun {UOT}BIOPISUOD (OIqereI pue  ([Iejop UI POqLIOSap {PAqQLIOSOP woly 091 (PaeIs
dryszosuods 10 OJUI UOYE)} SUONBIWI]  (SISA[eUB  ‘PI[EA ‘POULOP  SIOJORJ SUIUSAIIUL s[emeIpyim ¢ 9[qereduwoo syuedronred Ajreopo
Suner  Juipuny s, Apms pue SOSBIq YIIM ‘S)NSAI  [BONSIIE)S soInseauwt pue ‘suostredwiod [ SIOSSOSSe Surpuey sdnoi3 Apmys  uonsonb
Airend ojonp serg  Aq pauoddns suorsnpouo) ojerdorddy  pue sowoonQ ‘aIpadord  Surpulg JO POyION Apm)S  JO UONIQRS  OIBISAY QOUIRJY
[8] sonaarg pue uoninnN Jo Awopeoy ) Jo wsAs Juner Ajenb oy) Jo siseq oy uo pasierdde ‘sarpmys popnjour g¢ ay) Jo Aend) | djqel

pringer

Qs



Arch Osteoporos (2020) 15: 161

Page 4 of 14

161

[6€]
(¥100) Te 10

QANISOJ SOA ON SOA SOA SOA ON SOA SOA SOA SOA  ZOpUBUIOJ-ZId]
[8¢]
(S100) T8 30
[ennoN. Teapoun SOA SOA SOA SOA ON SOA ON SOA SOA  Zowoon - esoSNIO
L]
[ennoN SOA SOA SOA SOA SOA SOA SOA ON SOA SOA  (L107) ‘Te 19 ©ezZ|0
[9€] (s102)
[ennoN. SOA SOA SOA SOA SOA ON SOA ON SOA SOA ‘Te 10 sowjQ
[s¢]
(8107) 1810
QAINISO] SO SO SOA SOA SOA ON SOA SOA SOA oA  zon3upoy-epalO
[v€l (s102)
AANISO SOA SOA SOA SOA SOA ON ON SOA SOA SOA Te 10 UBIO]A
[e€] (s100)
BLRERGENCIN
[ennoN SOA SOA SOA SOA SOA ON SOA ON SOA SOA  ZoIeng SO[BIOIN
[ce]
(8100) Te ®
TennaN. SO SOA SOA SOA SO ON SO ON SOA SOA 0I9SeJ-SOdIBIN
[1¢]
(L100) T2 30
[ennoN Tes[oun) ON SOA SOA SOA ON SOA ON SOA SOA OIB A-OUBZURIA]
[9] (L102) &30
AADISOg SOA SOA SOA SOA SOA SOA SOA SOA SOA SOA Ioeqos-zado]
[og]
#100) Te R
QAIISOJ Ied[oU) ON SO SO SOA ON SOA SOA SOA SOA  z9[ezuon-zado
l67]
QAINSOJ SOA SOA SOA SOA SOA ON SOA SOA SOA oA (8107) e 1 ado
(87]
(8100) T30
[ennoN SOA SOA SOA SOA SOA ON SOA ON SOA SOA BIOIED)-OPBAR]
(L] (8100)
JennoN SOA SOA SOA SOA SOA ON SOA Iedpoun SOA SOA Ie 10 udkeqe]
l97]
(§100) Te ®
TennaN. SO SOA SOA SOA SOA ON SOA ON SOA SOA m—\ﬂwuo‘ﬁwaﬁﬁnﬁ.mzﬂh
[sT] (L10D)
‘Sqjuewiee |,
Zouoduilf
Selq
LATyIUn { UOIRIOPISUOD (QIQeI[aI pUB  /[IBIOp Ul PAQLIOSOp {PaqLIOSOp woy 205 (porers
digsiosuods 10 OJUI UOYe) SUOTIBIIUI] (SISA[eUe  ‘pI[eA ‘pauljop  SI0JOBJ SUTUSAISIUT s[emeIpyim  o[qereduiod syuedronred AJ1e9[0
Suner  Juipuny s Apnys puE SISBIq PIM ‘SYNSAT  [BONSHEIS soInseaw pue ‘suosreduwiod  ;SIOSSIsse Surpuey sdnoi3 Aprys  uonsonb
Airend) ojonp serg  Aq pauoddns suorsnjouo) ojerdorddy  pue sowoonQ ‘aInpadord  Surpulg JO POyIOIN ApmS  JO UONOQRS  OIBISAY QOULIRJNY

(ponunuoo) T 3[qe],

pringer

Qs



161

Page 5 of 14

Arch Osteoporos (2020) 15: 161

[ot] (9102)

[ennoN SOA SOA SOA SOA SOA SOA SOA ON SOA SOA ‘Te 10 onborp
[st] (6100)
[ennoN SOA SOA SOA SOA SOA SOA SOA ON SOA SOA ‘e 10 onborp
[vv] (s100)
AADISOJ SOA SOA SOA SOA SOA ON ON SOA SOA SOA e 10 A BIOA
[ev] (8100)
QANISOJ SOA SOA SOA SOA SOA SOA SOA SOA SOA SOA Te 10 SO[[BA
[ev]
(S102) 1810
[ennoN. SOA ON SOA SOA SOX SOA SOX ON SOX SOA OINJA] ZOYouES
[1t]
[ennaN SOA SO SO SO SOA SN SOA ON SOA SOA  (8107) Te 10 zZImy
[ot]
(8100) Te®
JennoN SOA SOA SOA SOA SOA ON SOA Iedpoun SOA SOA  UIMBJN-0IO0UOY
Selq
LATyIUn { UOIRIOPISUOD (QIQeI[aI pUB  /[IBIOp Ul PAQLIOSOp {PaqLIOSOp woy 205 (porers
digsiosuods 10 OJUI UOYe) SUOTIBIIUI] (SISA[eUe  ‘pI[eA ‘pauljop  SI0JOBJ SUTUSAISIUT s[emeIpyim  ojqereduiod syuedronred AJ1e9[0
Suner  Juipuny s Apnys puE SISBIq PIM ‘S)NSAT  [BONSHEIS soInseawt pue ‘suosreduwiod  ;SIOSSIsse Surpuey sdnoi3 Aprys  uonsonb
Airend) ojonp serg  Aq pauoddns suorsnjouo) ojerdorddy  pue sowoonQ ‘aInpadord  Surpurg JO POyIOIN ApmS  JO UONOQRS  OIBISAY QOULIRJNY

(ponunuoo) T 3[qe],

pringer

Qs



161 Page 6 of 14

Arch Osteoporos (2020) 15: 161

Fig. 1 Summary of searches and
study selection flow. Literature
flowchart

WOS
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|dentification

Screening

Eligibility

Included

Because the instrument is open-ended, there is no limit to the
number of items that can be reported. Differences regarding
the collecting days number have been found varying from 2
[30,32] to 7 [19] days. The majority of the food records lasted
3 days including 2 weekdays and one weekend day [10, 33,
37, 41]. A total of 4—Food Record were registered in Dalmau
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et al.’s [5] study, and 5—Food Record from Saturday to
Wednesday were used in Hervas et al.’s [23] study including
both week and weekend days.

Described assessment instruments are used indiscriminate-
ly at any age except in childhood (0-9 years old); then, the
preferred method was Food Record. So we observed how
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Lopez-Sobaler [6] utilized Food Record among children to
estimate calcium intake and 2 days 24-h recall within
adolescents.

The ENALIA [6] and the ANIBES [7, 41] studies followed
the “EU Menu” guidance recommendations [55]. The “EU
Menu” guidance is a document developed to facilitate the
collection of more harmonized food consumption data from
all EU Member States in 20009.

In all the revised studies, calcium intake from foods and
beverages were determined by using the Spanish food com-
position data bases.

Adequacy of calcium intakes by the Spanish
population

The recommended intake (RDI) for different groups for the
Spanish population (Table 2) and those established by the
EFSA (Table 3) have been used to determine the adequacy
of calcium intakes by the Spanish population nutritional ade-
quacy of calcium was measured by the following relation:
mean daily intake of the calcium/RDI of calcium x 100.

Considering the negative effects and harm to human health
of exceeding the upper levels (UL) of calcium intake, no in-
take above the maximum recommended levels established by
EFSA [4] has been observed among any age group.

Infants and toddlers

The estimated mean (min—max) calcium intake was 612.6 mg/
day (350.2—772.2) when considering the total number of chil-
dren from O to 6 months (n=632) and exceeds the RDI
(Table 2). The recommended calcium intake should meet the
individual needs of the 97.5% of the age group that considered

Table 2 Spanish calcium RDI sorted by age [3]

Category age (years) Ca RDI (mg/day) % Studies reaching RDI
0—6 months 400 66.67
7-12 months 525 100
1-3 years old 600 100
4-5 years old 700 100
6-9 years old 800 100
10-19 years old 1300 0
20-49 years old 1000 18.18
50-59 years old 1200"/1000M 12.5!
> 60 years old 1200 0
Pregnancy 1300 0
FFemale

MMale

"' To calculate compliance (%) for the 50—59 years old age group it is been
applied female recommendations

Table 3  EFSA calcium reference intake sorted by age [4]

Category age (years) Ca PRI (mg/day) % Studies reaching EFSA PRI

7-11 months 280* 100
1-3 years old 450 100
4-10 years old 800 93
11-17 years old 1150 7
18-24 years old 1000 0

> 25 years old 950 36.84
Pregnancy 950 3333

Abbreviations: EFSA Calcium Population Reference Intake [4]
* Adequate Intake (mg/day) EFSA

they are only indicative amount. These results suggest that
most of the study participants ingest the amount they need
and some may exceed it. In the study carried out by
Zaragoza [48], the estimation of calcium intake by children
was well controlled since it came only from formula feeding.
However, in the Dalmau et al. [17] study, calcium from breast
milk was also taken into account to estimate calcium intake.
As the calcium concentration in breast milk depends on sev-
eral factors that are difficult to control, it may partly explain
the differences in calcium intake indicated in both studies.

Following the Spanish age classification, three studies have
been found in which the calcium intake in children aged be-
tween 7 and 12 months is estimated [6, 17, 48]. Whether
considering each of the studies separately (Table 4) or as a
whole (n = 668), it is observed that the average calcium intake
(713.86 mg/day) exceeds the recommendations of the Spanish
health authority and the EFSA (Tables 2 and 3) Lopez-Sobaler
et al. [6] point out that the average intake of Ca is higher in
boys than in girls (733 vs 690 mg/day).

The estimated average calcium intake in the age group of 1
to 3 years also exceeds the recommendations of the Spanish
health authority and the EFSA (Tables 2 and 3). This occurs in
each of the studies [6, 17, 42, 48] reviewed (Table 4) and,
therefore, in the whole of the surveyed sample (n=2062)
whose average calcium intake was 888.7 mg/day. It should
be noted that the high calcium intake reported by Sanchez-
Muro et al. [42] may be due to the authors using a different
questionnaire to estimate calcium intake than the rest of the
authors. The ENALIA Study [6] shows data divided by gen-
der, 218 boys and 189 girls. Mean calcium intake was higher
in boys (928 + 178.5 mg/day) than girls (879 + 161.9 mg/day).

Children

In the child, even more than in the adult, the calcium needs are
highly variable from one individual to another. Therefore,
making recommendations and proposing general guidelines
for feeding children is much more difficult. Consequently,

@ Springer
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Table 4 Mean calcium intake sorted by RDI age groups

Reference Age (months/years) (age range) mean Intake Number Intake (mg/day) mean
+SD assessment (%F) +SD
Infants and toddlers
0—6 months
Zaragoza-Joradana et al. (2015) [48] 3 months FR 241 716.6 + 112.2
Dalmau et al. (2015) [17] (0—6 months) FR 172 350.2 + 34.55
Zaragoza-Joradana et al. (2015) [48] 6 months FR 219 7722 + 2353
7-12 months
Lopez-sobaler et al. (2017) [6] (6-12) FR 292 (52.73) 712
Dalmau et al. (2015) [17] (7-12) FR 176 596.1 + 34.45
Zaragoza-Joradana et al. (2015) [48] 12 months FR 200 833.5 + 346.8
1-3 years old
Lopez-sobaler et al. (2017) [6] (1-3 years) FR 407 (46.43) 904
Dalmau et al. (2015) [5] (13-24 months) FR 626 795.1 + 18.7
Zaragoza-Joradana et al. (2015) [48] 24 months FR 180 864.9 + 3154
Sanchez Muro et al. (2015) [42] 1.8 +1 FFQ 85 (37.64) 1108 + 189.20
Dalmau et al. (2015) [5] (25-36 months) FR 584 858.6 + 18.8
Zaragoza-Joradana et al. (2015) [48] 36 months FR 180 802.1 +260.2
Children
4-5 years old
Vioque et al. (2016) [46] (4-5 years) 434 + 0.1 24-h recall 169 (51) 784 + 205
Zaragoza-Joradana et al. (2015) [48] 4 years FR 143 814.9 +220.3
Zaragoza-Joradana et al. (2015) [48] 5 years FR 123 849.8 + 239
6-9 years old
Vioque et al. (2019) [45] (7-9 years) 7.6 + 0.1 24-h recall 156 (45.51) 898 + 240
Marcos-Pasero et al. (2018) [32] (69 years) FR 221(52.48)  922.02 + 220.22
Lopez-sobaler et al. (2017) [6] (4-8 years) FR 418 (49.52) 930
Zaragoza-Joradana et al. (2015) [48] 6 years FR 126 871.1 + 250.2
Vera V et al. (2015) [44] 63+ 1.1 FR 32 (43.75) 1989 + 553
Morales Suarez Varela et al. (2015) (6-9 years) 7.95 + 1.12 FR 710 (52.39)  922°
33
ZzErag]oza-Joradana et al. (2015) [48] 8 years FR 151 857.1 + 2354
Escribano E et al. (2014) [20] 7.02 +0.13 FFQ 144 (51.38)  866.3 + 385.70
Adolescents
10-19 years old
Ruiz et al. (2018) [41] (9-12 years) FR 213 627.6°
Ojeda-Rodriguez et al. (2018) [35] 10.7 + 2.4 FFQ 26 (69.23) 1208.2 + 315.30
Ojeda-Rodriguez et al. (2018) [35] 1149 + 25 FFQ 81 (60.49) 1203.4 + 361.70
Labayen et al. (2018) [27] 10.6 + 1.1 24-h recall 74 635 + 200
Ruiz et al. (2018) [41] 13-18 years FR 210 584%
Correa Rodriguez et al. (2018) [15] (9-19 years) 16.45 + 3.74 24-h recall 1060 (65.75) 788.66 + 421
Hervas et al. (2018) [23] (18-21 years) 18.74 + 0.77 FR 156 (60.89) 893 + 287
Lopez-Sobaler et al. (2017) [6] (9-13 years) 24-h recall 470 (48.29)  992°
Olza et al. (2017) [7] (9-12 years) FR 213 (40.84) 826 + 17
Babio et al. (2017) [10] (10-13 years) 12.1 + 1.4 FR 45 (57.77) 649 + 232
Olza et al. (2017) [7] (13-17 years) FR 211 (35.07) 817 +23
Lopez-Sobaler et al. (2017) [6] (1417 years) 24-h recall 275 (42.90)  1004*
Babio et al. (2017) [10] (14-23 years) 18.1 + 2.8 FR 53 (64.15) 708.6 + 280.60
Jimenez Ortega et al. (2016) [50] 10.23 + 091 FR 564 (52.25) 9789 +216.7
Correa Rodriguez et al. (2016) [14] 19.11 + 3.57 24-h recall 781 (66.45)  837.85 + 377.04

@ Springer
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Table 4 (continued)

Reference Age (months/years) (age range) mean Intake Number Intake (mg/day) mean
+SD assessment (%F) +SD
Julian-almarcegui et al. (2015) [9] 125 +17.5 24-h recall 187 810.56 + 260.2
Almarcegui et al. (2015) [26] 14.21 + 2.66 24-h recall 57 (35.08) 564.55 + 232.02
Dura Travé et al. (2014) [18] (9-12 years) 24-h recall 353 911.7 + 174.1
Gomez-Bruton et al. (2014) [21] 11-18 years FFQ 52 (44.23) 853%
Adulthood
20-49 years old
Correa Rodriguez et al. (2018) [16] 20.46 + 2.69 24-h recall 550 (69.27)  800.157 + 349.90
Correa Rodriguez et al. (2018) [12] (18 - 25 years) 20.38 + 2.67 24-h recall 605 (69.3) 827.45%
Gutierrez-Diaz et al. (2018) [22] 46.50 + 11.47 FFQ 14 (78.57) 1260.04 + 307.79
Lavado-Garcia et al. (2018) [28] 45+6 FFQ 675 (100) 1051 + 443
Ejeda-Manzaneda et al. (2017) [19] (21-23 years) 21.4 + 0.7 FR 210 (100) 799.5%
Jimenez Talamantes (2017) [25] (19-30 years) 24-h recall 192 (52.61)  734.4 + 330.1
Jimenez Talamantes (2017) [25] (31-50 years) 24-h recall 460 (49.97) 749 +339.1
Jauregui Lobera et al. (2016) [24] (2047 years) 21.16 24-h recall 50 (100) 786.53 + 402.56
Gonzalez Gomis et al. (2015) [49] (20-30 years) 23.4 + 2.3 FR 171 (50.24)  948.6 + 436.3
Correa Rodriguez et al. (2015) [13] (18-25 years) 20.41 + 2.36 24-h recall 305 (73.11)  827.6 + 347.60
50-59 years old
Roncero-Martin et al. (2018) [40] (23 - 81 years) 50 + 9 FFQ 523 (100) 1053.7 + 417.7
Lavado-Garcia et al. (2018) [28] 59+8 FFQ 1190 (100) 1045 + 442
Lope et al. (2018) [29] 56 + 12 FFQ 558 (100) 922.7 +303.30
Jimenez Talamantes (2017) [25] (51-70 years) 24-h recall 395(49.62) 7342 + 3424
Moran et al. (2015) [34] 59.73 +9.28 FFQ 30 (100) 1077.32 + 472
Olmos et al. (2015) [36] (<60 years) 55 + 3 FFQ 711 644 + 352
Pérez-Fernandez et al. (2014) [39] 50.39 +2.96 FFQ 105 (100) 1287 + 497.9
Pérez-Fernandez et al. (2014) [39] 50.87 + 2.84 FFQ 100 (100) 1299 + 536.9
Lopez-Gonzalez et al. (2014) [30] (44-76) 58.1 + 8.3 24-h recall 78 (100) 829.5 + 2572
Elderly
>60 years old
Valles et al. (2018) [43] 633+ 118 FFQ 3950 (48.91) 495.9 + 148.1
Ruiz et al. (2018) [41] (6575 years) FR 205 474.5%
Olza et al. (2017) [7] (6575 years) FR 206 (51.94) 645+ 19
Olmos et al. (2015) [36] (60-75 years) 67 + 5 FFQ 844 626 + 345
Olmos et al. (2015) [36] (>75 years) 80 + 3 FFQ 256 631 + 339
Jimenez Talamantes (2017) [25] >70 24-h recall 159 (51.57) 746 +311.4
Pregnancy
Manzano-Varo et al. (2017) [31] 289 +6.7 FFQ 44 758.6 + 360.7
Zaragoza Noguera et al. (2017) [47] (22-45 years) 34.1 + 4.4 24-h recall 197 1173 + 568
Ortigosa-Gomez et al. (2015) [38] 28.9+6.7 FFQ 44 908.8 + 322.3
Others
Olza et al. (2017) [7] (18-64) FR 1655 (40.36) 689 + 7
Bibiloni et al. (2014) [11] (16-65) 24-h recall 1200 (58.5)  1027.9*
Bibiloni et al. (2014) [11] (16-65) 24-h recall 1350 (58.88) 918.2%

Abbreviations: FR Food Record, FFQ Food Frequency Questionnaire
#SD are missing when mean intake has been calculated from the studies’data

between 4 and 9 years of age, recommendations are made in
the Spanish RDI tables considering different age ranges from
those of EFSA. Seven studies have been reviewed to find out

the calcium intake in children between 4 and 9 years old [6,
20, 32, 33, 44-46] (Table 4). Zaragoza-Jordana et al. [48]
report calcium intakes in children of 4, 5, 6, and 8 years old.
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In all these ages, the average calcium intake exceeds the
Spanish and EFSA recommendations and the variability of
intake in each group is very wide since the SD exceeds
200 mg/day. Lopez et al. [6] Marcos et al. [32] and Morales-
Suarez-Varela et al. [33] assess calcium intake within a wide
age range and estimate similar mean calcium intakes.
Escribano et al. [20] and Vioque et al. [45] also report similar
average calcium intakes in groups of children 7 years of age
and somewhat lower than the previous ones. However, it is
necessary to highlight the Vera et al. [44] study, which reports
an average calcium intake much higher than the rest of the
reviewed authors. The justification could be found in the fact
that the sample studied was small and the food collection
intake was for 7 days, when the rest of the studies were carried
out with larger samples and the record of ingested food did not
exceed 3 days. Regardless of the sample size or questionnaire
used to estimate calcium intake, all authors report average
calcium intakes that exceed the recommendations of both
the Spanish health authority and the EFSA. Three studies [6,
32, 33] separate the average calcium intakes by sex and ob-
serve a small difference favorable to the male sex.

Adolescence and youth

We included 17 Studies [6, 9, 10, 14, 15, 18, 21, 23, 26, 27,
35, 37, 41, 50] enrolling a total of 4611 children from 10 to
19 years old. Mean (min—max) sample size was 256 (26—
1060) (Table 4). The majority of the studies 88.2% estimate
that the average calcium intake mean (min—max) 641.29 mg/
day (564.5-978.9) is lower than the intake recommendations
indicated for the Spanish and/or EFSA (Tables 2 and 3) Only
47% of studies differentiate calcium intake from males and
females. In all of them, it is observed that the mean calcium
intake, mean (min—-max), made by men 944 mg/day (808.6—
1147) is higher than that of women 807 mg/day (708-949.2).

Adulthood

The recommended calcium intakes in Spain for both men and
women aged 20 to 49 years old is similar (Table 2). We have
selected 9 studies [12, 13, 16,22, 24, 25, 28, 49, 56] where Ca
intake is estimated at these ages with a total of 3232 subjects
with a number of estimates between 14 and 675. The mean
calcium intake (min—max) of the respondents was 878.4 mg/
day (734.4-1260) which represents 87.84% of the RDI. Of the
studies, 18.8% reach both Spanish and EFSA recommenda-
tions with a compliance percentage of 112.55 and 121.63,
respectively. Mean (min—max) age of these studies was
45.75 (45-46.5) years old. Of the studies, 77.7% report an
insufficient calcium intake reaching 72% of Spanish recom-
mendations. Of the studies, 55.5% differentiate calcium intake
by gender. Moreover, 33.3% of the studies only have female
representation. Mean (min—max) calcium intake was

@ Springer

39.26 mg/day higher within men than women being 858
(776.1-1013.1) and 818.74 (696.8—-1051) mg/day,
respectively.

50-59 years old

To evaluate calcium intake in the Spanish population aged
50-59 years old, 8 studies [25, 28-30, 34, 36, 39, 40] were
found. Of the studies, 75% have only female representation
and only one author differentiates calcium intake by gender.
The fact that the vast majority of the studies were carried out
only in women may be linked to the vital menopause period.
To establish calcium recommendations within this age cate-
gory is complicated due the impaired calcium absorption and
the individual variation in body composition at this age. As a
result, the Spanish and EFSA recommendations differ
(Tables 2 and 3). Even though in Spain daily calcium intake
recommendation differs by gender (Table 2), we consider fe-
male’s recommendations (1200 mg Ca/day) as the reference
to explain the results due to the percentage of representation of
gender in the sample n = 2780 women and # = 199 men. Mean
(min—max) calcium intake is 988 mg/day (644—1299) which
represents the 82.33% of compliance of the Spanish recom-
mended intake and 104% of The EFSA recommendations. Of
the studies, 50% report lower Ca intake than both Spanish and
EFSA recommendations and only 12.5% of the studies reach
Spanish RDI.

Elderly
> 60 years old

To evaluate calcium intake in the population over 60 years
old, we have selected 6 studies [25, 36, 37, 41, 43]. Calcium
recommended intake for this age group differs between the
Spanish and European Authorities (Tables 2 and 3). None of
the studies reaches either the Spanish or the EFSA recommen-
dations (Table 4). Mean (min, max) calcium intake for the
total population (n=5620) is 603.1 mg/day (495.9-746).
This represents the 50.26% of compliance with the Spanish
RDI and the 63.48% with the EFSA recommendations. Of the
studies [25, 37], 33% differentiate intake by gender. We have
not found differences in calcium intake by gender in this age
group. Mean Ca intake (mg/day) for men is 694.3 and for
women, 696.65.

Pregnancy

We included 3 studies [31, 38, 47] enrolling a total of 285
pregnant women. Calcium recommended intake for this group
differs between the Spanish and EFSA authorities (Tables 2
and 3) due to the increased needs linked to the gestation pro-
cess and the individual body composition changes. Mean
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(min—max) calcium intake for pregnant women is 946.8 mg/
day (758.6—1173), which complies with 72.83% of the
Spanish recommendations and 99.66% of the EFSA
recommendations.

Discussion

This narrative review describes the average calcium intake in
the Spanish population and analyzes its adequacy to the na-
tional and EFSA recommended intakes by age.

The results in the average Ca intake, although many articles
have been analyzed, have very wide ranges and standard de-
viations. This may be due to the methodology followed by the
authors. Calcium intake was assessed by different methodol-
ogies, including food frequency questionnaires, recall, and
diet records, which have well-recognized differences and lim-
itations [51, 57]. Thus, FFQ could be a good instrument to
estimate dietary intake or to rank individuals but would not be
valid for estimating nutrient intake. The number of food items
included, the portion size estimation, and the food composi-
tion table used are factors related to the validation protocol
that can affect the estimation of nutrient intake [58]. It is well
known that FFQ will overestimate the intake [9, 58].
Furthermore, the 24-h recall tends to underestimate the intake,
especially in elderly and children, and relies on subject mem-
ory and resercher capacity to describe and collect ingredients
and food preparation [59]. Food Record, among other limita-
tions, requires a high cooperation of the respondents, the rep-
etition of the registration to analyze the usual diet vs the cur-
rent diet, and the alteration of the habitual diet due to having to
register the food [60].

This review highlights that calcium intake in Spain has
been studied in all age groups recently, although the quantity
and quality of articles differ. Thus, we have found in child-
hood two national representative studies (Alsama [5] and
Enalia [6]) and one for adolescents, adults, and elderly (The
ANIBES Study [37]).

The estimated average calcium intake meets or exceeds
Spanish RDI among infants, toddlers, and children. These
results are in agreement with The CHOP Study [61] that
showed a very high percentage of children from 0 to 8 years
old presenting an adequate calcium intake among five
European countries. Especially at risk of insufficient calcium
intake are adolescents 10—19 years and 11-17 years according
to Spanish RDI and EFSA PRI age group, respectively.
Diethelm et al. [62] in 2014 through the HELENA Study also
showed low intakes of calcium in European adolescents.

Dietary calcium intake in adults reaches 80% of the
Spanish recommendations. This is in accordance with
Roman Vidas et al. [58], a european study that showed a
prevalence of inadequacy above 21% of the population in
calcium in the adults and the elderly. However, the Nordic

and Institute of Medicine nutrient recommendation were ap-
plied as reference.

This review displays that the elderly’s health in Spain
might be at risk due to low dietary calcium intake, as the
compliance of calcium intake in the age group barely reaches
the 50% of the spanish recommendations. Low dietary calci-
um intake in the elderly is associated with several health re-
lated problems, bone fragility [1], cardiovascular diseases and
strokes [63], aged-related eye diseases [64], and others.
Further investigation in this field is needed as we did not take
into account calcium supplements intake. However, there is a
need to increase dietary calcium intake in the elderly because
calcium supplementation is a rising concern regarding adverse
cardiovascular events [65].

In the review, we have found wide differences in the degree
of compliance with the recommendations among some popu-
lation groups depending on the dietary recommended intake
reference used. This might be due to the differences within the
age ranges and calcium recommended amount for each cate-
gory. These differences are a result of the methodology ap-
plied to establish the DRVs.

Calcium intake trend may be decreasing among the
Spanish population from the year 2000. According to the re-
sults of the ENCAT 2003 study [66], the mean calcium intake
in adults was 100 mg/day higher than the estimated average
calcium intake found in this review. Bibiloni’s et al. [11] pro-
spective study of the Balearic Islands indicated that the aver-
age calcium intake in adults decreased 109.9 mg/day from
1999-2000 to 2009-2010. However, calcium intake shown
in the National Survey of Dietary Intake ENIDE Study [67]
2011 in adults (18—44 years) and the results of this review
(20—49 years) are similar intakes. Furthermore, comparing
women aged 45-64 years and 50-59 years, calcium intake
has increased 148.71 mg/day. As shown, more frequent up-
dates of calcium intakes in Spain are necessary.

Limitations Our study did not account for the use of supple-
ments of vitamins and minerals, so the results of this study are
limited to the dietary intake of calcium. Another limitation is
that the reproducibility of this review might be affected be-
cause most studies are regional or local. Furthermore, many
differences in study designs and methodologies and sampling
variability have been found. Last, the estimated mean calcium
does not report the distribution of intakes or the prevalence of
people with low calcium intake.

Strengths By providing a global overview of the average cal-
cium intake in Spain nowadays, this study serves as a
roadmap, which points out the age groups of the population
at risk of low dietary calcium intake and gives useful informa-
tion to set health policies and appropiate approaches.

In conclusion, this review compiled available data on av-
erage national dietary calcium intake in the Spanish
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population. The key findings are that calcium intake is low
(averaging less than 603.06 and 840.84 mg/day) in the elderly
and the adolescents, respectively. Calcium intake has been
reported in all age groups; however, further investigation is
needed. This work draws attention to age groups where mea-
sures to increase calcium intake are likely to have skeletal
benefits.
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