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Population ageing is rapidly progressing and it is estimated that by 2050 one in every ﬁve
people globally will be aged 60 years or over. Research has shown that adequate nutritional
status can positively impact the ageing process, resulting in improved quality of life and the
prevention of chronic disease and mortality. However, due to physiological and social
changes associated with ageing, older adults may be at increased risk of nutrient deﬁciencies.
This review aims to investigate the nutrient intake and status of older adults in Europe and
to explore the potential role of fortiﬁed foods and nutritional supplements in addressing
some of the nutritional challenges identiﬁed in this population group. The available literature has highlighted unfavourable intakes of total and saturated fat, sugar, salt and dietary
ﬁbre together with low intakes and suboptimal status of key micronutrients such as vitamins D,
B2, B12, folate and calcium. Evidence has shown that the consumption of fortiﬁed foods and
use of nutritional supplements make signiﬁcant contributions to intakes and status of these
micronutrients in older adults. Continued monitoring of nutrient intake and status is important
in light of changing fortiﬁcation practices and food consumption patterns. Future strategies to
address the nutritional issues identiﬁed in older adults could include the promotion of healthy
food choices together with improvements of the food supply including reformulation (fat, sugar
and salt), food fortiﬁcation or supplementation to support successful ageing of our populations.
Nutrient adequacy: Diet quality: Older adults: Fortiﬁcation: Supplementation

Population ageing is set to become one of the greatest
transformations of the twenty-ﬁrst century with far
reaching implications for all sectors of society and it is
estimated that by 2050 one in every ﬁve people will be
aged 60 years or over(1). While most will be in good
health, this population will be confronted with the potential impact of the ageing process which can result in a
decreased quality of life, illness and disease(2). Research
over the past number of decades has shown that
adequate nutritional status can play a key role in preventing or delaying the progression of age-related diseases such as CVD, reduced cognitive function and
osteoporosis(3–7). However, physiological and social

changes such as decreased food intake, impaired sensory
perception, malabsorption, declining activity and
increased disability increase the risk of inadequate nutritional status (particularly for micronutrients) in this
population group(8,9). Further insights into the nutrient
intake and diet quality of older adults may help to
improve nutritional status and contribute to healthy ageing and overall quality of life for this population group.
This review aims to investigate the nutrient intake and
status of older adults in Europe and to explore the potential role of fortiﬁed foods and nutritional supplements in
addressing some of the nutritional challenges in this age
group.

Abbreviations: AI, adequate intake; DFE, dietary folate equivalent; DRV, dietary reference value; EAR, estimated average requirement; EFSA,
European Food Safety Authority; NNR, Nordic Nutrition Recommendation; PRI, population reference intake; RI, recommended intake; RNI, reference nutrient intake; UK DoH, UK Department of Health; UK NDNS, UK National Diet and Nutrition Survey; UK SACN, UK Scientiﬁc
Committee on Nutrition.
*Corresponding author: Laura Kehoe, email laura.kehoe@ucc.ie
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Methods
Inclusion/exclusion criteria
This review includes nutrient intake and nutritional status data from either nationally representative food/nutrition surveys or studies of large cohorts of older adults
(≥60 years but not <50 years) across Europe. For inclusion in this review, the studies were conducted post 2000
and dietary intake data were collected at an individual
level via food records, 24 h recalls or diet history.

Proceedings of the Nutrition Society

Comparison of studies
Data from nationally representative nutrition surveys in
eighteen European countries and nine key studies in
large cohorts of older adults across Europe are presented
in this review. Across studies, there was a variation in
methodologies used (e.g. methods used to collect food
intake and biochemical data, reference cut-off points
used to assess nutrient intakes and status and age-group
cut-offs). Furthermore, for estimation of micronutrient
intakes, some studies may underestimate intakes as they
do not account for nutritional supplement use or collect
detailed information on the consumption of fortiﬁed
foods.
Estimation of nutritional quality of diets
Nutritional quality of diet in older adults across Europe
is assessed in this review using the most recent dietary reference values (DRV) available. Mean intakes reported in
studies are compared with recommended intakes (RI),
population reference intakes (PRI) or adequate intakes
(AI)(10). The RI is the range of intake for macronutrients
(% of energy intake), that is adequate for maintaining
health and associated with a low risk of selected chronic
diseases while the PRI (or reference nutrient intake
(RNI)) is the level of (nutrient) intake that is adequate
for virtually all people in a population group assumed
to meet the requirements of 97·5 % of the individuals in
the population. The AI is the value estimated when a
PRI cannot be established and is the average observed
nutrient intake by a population group of apparently
healthy people that is assumed to be adequate. At an
individual level the estimated average requirement
(EAR; the level of (nutrient) intake estimated to meet
the requirements of 50 % of individuals) is used to assess
the prevalence of inadequate intakes and this review will
make reference to the %<EAR where mentioned within
individual studies.
Macronutrients, dietary ﬁbre and salt intakes
Total fat and individual fatty acids
Dietary fat is an important source of energy in the diet
and fatty acids are essential components of cell membranes and pre-cursors for many signalling molecules.
Research over the past number of decades has shown
that imbalances in dietary fat intake are associated
with the development of many chronic diseases(11). The
European Food Safety Authority (EFSA) has recently

set an RI for total fat of 20–35 % of energy (%E)(11),
similar to the Nordic Nutrition Recommendations
(NNR) RI of 25–40 %E(12). The UK Department of
Health (UK DoH) has set a recommended maximum
average population intake of 33 %E from total fat(13).
Table 1 presents the mean intakes of macronutrients,
including total fat, among older European adults (>50
years) reported in National Nutrition Surveys across
Europe since 2000. Total fat provides on average 29 %E
among older Portuguese adults in line with the UK average population intake recommendation of 33 %E; however, intakes in all other European countries exceed
this recommendation with mean intakes ranging from
34 to 40 %E.
Elevated intakes of saturated fat are known to increase
circulating LDL-cholesterol concentrations and the risk
of CVD, while long-chain n-3 PUFA are known to confer beneﬁts to metabolic health and low intakes of these
essential fatty acids may contribute to age-related functional decline(14–16). As SFA are synthesised by the
body they are not required in the diet; hence, the
EFSA has not set a DRV for saturated fat but recommends to keep intakes as low as possible(11). National
guidelines from the UK and the NNR state that saturated fat intakes should not exceed 10 %E in the population(12,13). Mean intakes of saturated fat among older
adults across Europe exceed these recommendations
with mean intakes ranging from 10 %E in Portugal to
17 %E in Belgium (Table 1). For MUFA and PUFA,
the EFSA has not established a DRV; however, the
NNR has set an RI of 10–20 %E for MUFA and 5–10
%E for PUFA(11,12). The UK DoH has set a recommended minimum average population intake of 12 %E
for MUFA and 6 %E for PUFA(13). Mean intakes of
MUFA among older adults in Austria, Finland,
Germany, Ireland, Norway, Portugal and Sweden are
in line with the UK recommendation of 12 %E
(Table 1). Intakes in other European countries are
above this, ranging from 13 %E in Denmark to 17 %E
in Italy and Spain. Mean intakes of PUFA among
older European adults are generally in line with the
UK recommendation of 6 %E (range 4–6 %E, Table 1)
with the exception of Austria, Belgium and the
Netherlands where PUFA provide 7 %E.
n-3 PUFA have been shown to reduce the risk of mortality from CHD and the EFSA has set an AI of 0·5 %E
for α-linoleic acid and ≥250 mg/d for EPA and DHA
combined(11). National nutrition surveys in Austria,
Finland, the Netherlands and Ireland have reported
mean intakes of α-linoleic acid and EPA + DHA in
older adults above the AI from the EFSA (range 0·6–
1·2 %E)(17–20). However, a study among a convenience
sample of community dwelling older adults in Southern
France has reported that older adults have low median
intakes of n-3 PUFA (α-linoleic acid: 0·4 %E, EPA +
DHA: 195 mg/d)(21).
Protein
The current recommendations for protein within Europe
are based on nitrogen balance within the body and the
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Table 1. Summary of mean intakes of macronutrients, sugars, dietary ﬁbre and salt in older European Adults from National Nutrition Surveys
Country
(Reference)
Andorra(36)
Austria(17)
Belgium(59)
Denmark(37)
Finland(18)
France(38)
Germany(114)
Hungary(39)
Iceland(40)
Ireland(20,115)
Italy(41)
Lithuania(42)
Netherlands(19)
Norway(116)
Portugal(43)
Spain(34,44)
Sweden(45)
UK(51,67)

Study name
Evaluation of the nutritional status of
Andorra population
Austrian Nutrition Report
Belgian National Food Consumption
Survey
Danish Dietary Survey
FINDIET 2012
Individual and National Food
Consumption Surveys
National Nutrition Survey II
Hungarian Dietary Survey 2009
The Diet of Icelanders 2010–2011 – A
national dietary survey
National Adult Nutrition Survey
Italian National Food Consumption
Survey
Actual nutrition and nutrition habits of
adults and elderly of Lithuania
Dutch National Food Consumption
Survey-Older Adults
Norkost3
National Food and Physical Activity
Survey
Anthropometry, Intake and Energy
Balance in Spain
Riksmaten 2010–2011 Food and
Nutrition Among Adults in Sweden
National Diet and Nutrition Survey

Study
years

Age
(years)

Protein
(%E)

Fat
(%E)

Saturated fat
(%E)

MUFA
(%E)

2004–2005

65–75

18

40

13

2010–2012
2004

65–80
60+

15
17

36
39

16
17

12
14

2011–2013
2012
2006–2007

65–75
65–74
55–79

15
17
17

36
34
39

15
14
11

2005–2007
2009
2010–2011

51–80
60+
61–80

15
15
19

36
38
38

2008–2010
2005–2006

65+
65+

16

2013–2014

65–75

2010–2012

PUFA
(%E)

Dietary
ﬁbre (g/d)

Salt
(g/d)

41

17

7

7
7

45
44

20

8

13
12
14

6
6
6

41
45
44

23
23
19

9

15
11
16

12

5

47
46
39

26
22
16

7

34
34

14
11

12
17

46

20

15

40

12

47

15

6

70+

16

34

13

11

7

43

21

7

2010–2011
2015–2016

60–70
65+

18
20

35
29

14
10

12
12

6
5

42
48

25
20

3

2013

65+

17

35

11

17

6

40

2010–2011

65–80

17

34

13

12

6

44

2014/15–
2015/16

65+

17

34

13

6
4

CHO
(%E)

46

Free sugar
(%E)

11

5

11

8

7
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EFSA has set a PRI of 61 and 55 g/d for men and women
(≥60 years), respectively(22). The NNR has set an intake
range for individuals of 15–20 %E from protein(12).
National Nutrition Surveys across Europe have reported
that protein provides 15–20 %E (67–89 g/d) in older
adults (Table 1). A recent systematic review of macronutrient intakes of community dwelling older adults in
Western populations reported that 10 % of adults aged
over 60 years did not meet the EAR for protein set by
the EFSA (0·66/kg bw/d) suggesting that a small proportion of older adults may be at risk of inadequate intakes
of protein(23). Studies in recent years have highlighted a
possible need for increased protein requirements in
older adults to prevent the loss of lean body mass, particularly muscle mass (sarcopenia)(24) in order to support
optimal health and maintain functionality(25–29).
However, to date there has been insufﬁcient evidence to
update DRV for protein based on optimal health and
muscle function in European countries. While a recent
review in older adults ≥50 years globally has reported
that the prevalence of sarcopenia is substantial in community dwelling older adults (1–29 %), the authors also concluded that protein supplements have not shown
consistent beneﬁts on muscle mass and function(30).

Carbohydrate
While the absolute dietary requirement for glycaemic
carbohydrates is not known, energy balance is the ultimate goal. Hence, DRV for carbohydrate are set to meet
energy needs in the context of acceptable intake levels
of fat and protein(31). The EFSA and NNR currently recommend that carbohydrates provide 45–60 %E for individuals, and similarly the UK Scientiﬁc Committee on
Nutrition (SACN) has set a recommended average population intake of at least 50 %E(32). National Nutrition
Surveys across Europe have reported mean intakes of
carbohydrate below the recommendation of 50 %E
(Table 1) (range 39–48 %E).
Following recent reviews of evidence on carbohydrate
intake and health, guidance on intakes of free sugars has
been advised(32,33). Free sugars include all mono- and
di-saccharides added to foods by the manufacturer, cook
or consumer, plus sugars naturally present in honey, syrups and unsweetened fruit juices. The WHO recommends
that intake of free sugars should be <10 %E for individuals
with a conditional recommendation of <5 %E (based on
low to moderate evidence of a relationship between free
sugar intake and body weight and dental caries)(33).
The UK SACN recommends that the average population
intake of free sugars should not exceed 5 %E (based on
the effect of free sugar intake on the risk of dental caries
and total energy intake)(32). Data on intakes of free
sugars in older adults in Europe are limited; however,
mean intakes of free sugars in older adults range from
5 %E in Spain to 11 %E in the UK and Netherlands
(Table 1) with a moderate proportion of Spanish adults
(75 % across all ages; exact proportion not provided for
older adults alone) and just 31 % of Dutch adults adhering to the WHO guideline of <10 %E(34,35).

Inadequate intakes of dietary ﬁbre can lead to
impaired bowel function and constipation, which can
adversely affect the quality of life and may contribute
to increased risk of gastrointestinal disease. The EFSA
has set an AI for all adults for dietary ﬁbre of 25 g/d
for normal bowel function(31) while the UK SACN
recommends an average population intake of 30 g/d(32).
The NNR recommend an intake of 30 g/d for men and
25 g/d for women(12). Mean intakes of dietary ﬁbre
among older adults in most European countries are
below the current recommendations (Table 1) (range
15–23 g/d)(17–19, 36–46). Intakes of dietary ﬁbre are higher
for older adults in Norway and Germany, 25 and 26 g/d,
respectively, in line with the recommendation from the
EFSA, but they are below the UK SACN and NNR
recommended intakes.
Salt (sodium equivalents)
It is widely accepted that sodium intake is associated
with blood pressure which can increase the risk of
CVD. The WHO recommends that salt intake should
be limited to 5 g/d, similar to country speciﬁc guidelines
across Europe while the EFSA is currently reviewing evidence to set a DRV for sodium in European populations(12,13,47–49). National Nutrition Surveys carried out
across Europe have reported that intakes of salt from
food sources (excluding discretionary salt) in older adults
are lowest in Norway, the UK and Lithuania (3–6 g/d)
while intakes in Germany, the Netherlands, Sweden,
Andorra, Iceland, Austria, France and Denmark are as
high as 7–9 g/d (Table 1). However, it is estimated that
25–30 % of salt intake is from discretionary sources(50);
hence, urinary sodium excretion is a more accurate reﬂection of true intake. Twenty-four-hour urinary sodium
excretion values have been reported in adult populations
in Finland (25–64 years), Italy (39–79 years), Portugal
(65–79 years) and the UK (19–64 years) indicating a
mean intake of 8–11 g salt daily in European
adults(51–54), well above the current recommendations.

Micronutrient intake and status
Adequate micronutrient status is important in preventing
or delaying the progression of age-related diseases, such
as CVD, reduced cognitive function and osteoporosis(3–6). While food intake and energy requirements
decrease with increasing age, the requirements for micronutrients remain the same as for younger adults and this,
in combination with a range of physiological and social
changes, may place older adults at increased risk of
micronutrient inadequacies.
Vitamin D
Vitamin D has long been recognised as a key nutrient for
bone health. However, studies in recent years have suggested that vitamin D may be associated with other nonskeletal outcomes such as muscle strength and general
health/lower disease risk(55–57). Older adults are at
increased risk of vitamin D deﬁciency not only due to
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reduced dermal production but also because of
age-related factors such as reduced food intake and possible decreased sun exposure(55). The EFSA has recently
set an AI for vitamin D of 15 µg/d based on serum 25
(OH)D status deemed to be adequate for bone health(58).
Similar recommendations have been set for vitamin D
across Europe (UK SACN: RNI 10 µg/d, NNR: recommended intake 10 µg/d) based on requirements for bone
health(12,56). Mean intakes of vitamin D among older
European adults lie substantially below these recommendations (range 2–8 µg/d) with the exception of Iceland
and Finland where mean intakes are approximately
11 µg/d (Table 2). For most European countries, it has
been reported that over 90 % of older adults have
intakes below 10 µg/d(17,19,36,43,59,60). The higher intakes
observed in Finland and Iceland may be partly attributed
to use of nutritional supplements but is more likely to be
due to the routine fortiﬁcation of ﬂuid milks and fat
spreads with vitamin D in these countries. Vitamin D status is measured by serum 25(OH)D concentrations with
some variations in the thresholds used to deﬁne vitamin
D deﬁciency e.g. UK SACN <25 nmol/l, US Institute
of medicine <30 nmol/l(55,56). Using the IOM threshold
(<30 nmol/l), the prevalence of vitamin D deﬁciency in
older adults has been reported in the Netherlands (14
%), Iceland (17 %), Germany (30 %) and Portugal (40
%) while the prevalence below the threshold of 25
nmol/l has been reported for older adults in Ireland (1
%), Sweden (1 %), the UK (13 %), Finland (15 %),
Austria (20 %), Italy (22 %) and Spain (41 %)(17,61–69).
While a higher prevalence of vitamin D deﬁciency has
been observed in Southern European countries this has
previously been suggested to be attributable to more
skin pigmentation and sun habits e.g. avoidance at
peak times in these countries(70).
Riboﬂavin
Riboﬂavin, in its coenzymatic forms, FMN and FAD, is
required for numerous oxidation/reduction reactions and
plays an integral role in the metabolism of other
B-vitamins and the related metabolite homocysteine.
Evidence has also shown that riboﬂavin plays a key
role in the regulation of blood pressure in those with
the 677TT MTHFR genotype and along with other B
vitamins plays a role in slowing the progression of cognitive decline and possibly reducing the risk of depression
in ageing(6,71). The EFSA has recently set a PRI for
riboﬂavin of 1·6 mg/d (>18 years) based on body saturation measured through urinary riboﬂavin excretion(72).
The mean intakes of riboﬂavin in older adults across
Europe are typically close to or above this PRI (range
1·5–2·6 mg/d; with the exception of Lithuania and
Austria: 1·1 and 1·2 mg/d) (Table 2). Approximately
1–25 % of older adults across Europe have been reported
to have inadequate intakes of riboﬂavin when compared
with the EAR(19,40,73,74) and although low intakes of
riboﬂavin have been widely reported among older adults
in Europe, there does not appear to be a large public
health concern about this level of riboﬂavin intakes.
Riboﬂavin status has not been widely reported among

5

older European adults; however, the Irish National
Adult Nutrition Survey and the UK National Diet and
Nutrition Survey (UK NDNS) have recently reported
that 52 and 29 % of older adults, respectively, have
erythrocyte glutathione reductase activation coefﬁcient
(EGRac) values greater than 1·3 (which is indicative of
low/deﬁcient riboﬂavin status)(67,75). The functional signiﬁcance of these ﬁndings is unclear as use of EGRac as a
biomarker has limitations(72).
Folate
Deﬁciencies in folate can result in impaired biosynthesis
of DNA with clinical symptoms including the development of megaloblastic anaemia and neuropathy(76,77)
and longer term low folate status has been associated
with higher rates of cognitive impairment, CVD and cancer mortality(6,78). Conversely, long-term exposure to
high intakes of the synthetic form of folate (folic acid)
is associated with the masking of vitamin B12 deﬁciency
anaemia in older adults, allowing the associated irreversible neurological symptoms to progress(76,79,80). The UK
DoH has set an RNI of 200 µg/d for total folate and the
NNR has set a recommended intake of 300 µg/d for total
folate(12,13). The EFSA has recently set a PRI for dietary
folate equivalents (DFE; which accounts for the higher
bioavailability of folic acid: 1 µg DFE = 1 µg food folate
+ (1·7 × folic acid)) of 330 µg/d for all adults(76). While
few European countries report mean intakes of DFE,
the Dutch National Food Consumption Survey of
Older Adults (DNFCS-older adults) has recently
reported that older adults have mean DFE intakes of
425 µg/d which is higher than the PRI set by the
EFSA(19) (Table 2). Mean intakes of total folate in
most European countries meet the recommended intake
from the NNR (200 µg/d) (Table 2), but were typically
below the UK DoH RNI of 330 µg/d, with the exception
of intakes in France, Denmark, Belgium and Lithuania
(range 348–400 g/d). A recent review in older adults in
the Western world reported that 29–35 % of older adults
have inadequate intakes of folate when compared with
the EAR from the NNR of 200 µg/d(81). Serum and
erythrocyte folate concentrations are sensitive biomarkers of folate intake and status and the EFSA recommends that measurements below both 340 nmol/l for
erythrocyte folate and <10 nmol/l for serum folate are
required to indicate folate deﬁciency(76). Mean status
measurements of erythrocyte folate have been reported
in the UK NDNS (585 nmol/l)(67) and in other key studies of older adults in Europe including the Newcastle 85+
study in the UK, the Irish Longitudinal Study on Ageing
(TILDA) in Ireland and the ZENITH study across three
European countries with measures ranging from 856 to
1087 nmol/l(82–84). Mean serum folate has been reported
to range from 18·1 nmol/l in the UK NDNS to 24·5
nmol/l in the KORA-Age Study in Germany(67,85). The
mean values reported for erythrocyte folate and serum
folate in older adults across Europe are above the cut-offs
proposed by the EFSA and studies in older adults across
the UK and Europe have found no evidence of folate
deﬁciency(82,84,86). While a recent study from the
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Table 2. Summary of mean intakes of micronutrients in older European Adults from National Nutrition Surveys
Country

Study name

Study years

Age
(years)

Vitamin D
(μg)

Vitamin
B2 (μg)

Andorra(36)

Evaluation of the nutritional
status of Andorra population
Austrian Nutrition Report
Belgian National Food
Consumption Survey
Danish Dietary Survey
FINDIET 2012
Individual and National Food
Consumption Surveys
National Nutrition Survey II
Hungarian Dietary Survey
2009
The Diet of Icelanders 2010–
2011 – A national dietary
survey
Italian National Food
Consumption Survey
Actual nutrition and nutrition
habits of adults and elderly of
Lithuania
Dutch National Food
Consumption Survey-Older
Adults
Norkost3
National Food and Physical
Activity Survey
Anthropometry, Intake and
Energy Balance in Spain
Riksmaten 2010–2011 Food
and Nutrition Among Adults
in Sweden
National Diet and Nutrition
Survey

2004–2005

65–75

3·2

1·7

2010–2012
2004

65–80
60+

3·5
4·8

1·2

2011–2013
2012
2006–2007

65–75
65–74
55–79

5·9
10·8

1·8

2005–2007
2009

51–80
60+

2010–2011

Austria(17)
Belgium(59)
Denmark(37)
Finland(18)
France(38)
Germany(114)
Hungary(39)
Iceland(40)

Italy(41)
Lithuania(42)

Netherlands(19)

Norway(116)
Portugal(43)
Spain(60,98,117)
Sweden(45)

UK(67,86)

* Data reported as dietary folate equivalents (DFE).

Folate
(μg) DFE*

Vitamin
B12 (μg)

Vitamin C
(mg)

Calcium
(mg)

Iron
(mg)

6·2

112

827

12·2

198
350

4·4
6·8

101
114

662
1078

10·0
11·5

133
247

7·5
5·9

119
109
127

1045
989
923

11·3
10·6
13·4

227
191

1·5

348
237
308

3·9

1·7

273

5·1

145

944

12·5

61–80

11·0

1·6

233

8·7

85

771

9·6

2005–2006

65+

2·2

5·5

127

789

11·6

2013–2014

65–75

4·6

1·1

400

1·4

53

481

9·0

2010–2012

70+

5·1

2·6

425a

150

1023

11·5

2010–2011
2015–2016

60–70
65+

6·8
3·8

1·7
1·5

247
261

115
115

834
742

11·0
11·7

2013

65+

4·4

107

646

10·2

2010–2011

65–80

8·3

1·5

277

6·5

109

853

10·2

2014/15–2015/16
2008/09–2011/12

65+

5·1

2·3

317

7·2

106

901

11·2

7·8
4·2

Iodine
(μg)

Magnesium
(mg)
445
270

186

269

202

287

324

196

252
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TILDA in Ireland has indicated that a high proportion
of older adults (15 %) have low or deﬁcient folate status
using plasma folate measurements; a single measurement
of serum/plasma folate is not thought to be as informative for the assessment of folate status and body stores
as this is a sensitive marker of recent dietary intake and
is subjected to prandial variation(87).
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Vitamin B12
Low/deﬁcient vitamin B12 status has been widely
reported in older adults despite adequate dietary intakes;
however, the maintenance of an optimal status of vitamin B12 is not only dependent on adequate dietary intake
but more critically on effective absorption which
diminishes with age(88,89). Apart from the clinical features of vitamin B12 deﬁciency (megaloblastic anaemia
and irreversible neuropathy), emerging evidence indicates that subclinical deﬁciency (low biomarker status)
may be implicated in the development of several chronic
age-related diseases with some evidence to suggest that
suboptimal levels of B12 or folate can raise homocysteine
which is signiﬁcantly associated with risk of bone fractures(90) and risk of CVD(91). The EFSA has recently
set an AI of 4 µg/d for adults based on biochemical markers of adequate cobalamin (vitamin B12) status(92) while
the UK DoH has set an RNI of 1·5 µg/d and the NNR
has set a recommended intake of 2 µg/d(12,13). Intakes
of vitamin B12 in older adults across Europe are lowest
in Lithuania (1·4 µg/d) but typically range from 4·2 to
8·7 µg/d in other European countries which is above the
AI proposed by the EFSA (Table 2). Serum vitamin
B12 has been the most widely reported measurement of
vitamin B12 status both in nationally representative surveys and other cohorts across Europe with variations in
the cut-offs used to assess deﬁciency (<148/150 and
<185 pmol/l). Mean serum vitamin B12 values have
been reported to range from 232 to 324 pmol/l in studies
of older adults in the UK, Germany and the
Netherlands(67,82,85,93). Small proportions of older adults
(<7 %) in the UK NDNS and the TILDA study in
Ireland have been reported to have deﬁcient vitamin
B12 status (<148/150 pmol/l)(67,83) with up to 12 %
of Irish adults reported to have low/deﬁcient status
(<185 pmol/l)(83). However, a higher proportion (17 %)
of those aged 85+ in the Newcastle 85+ study in the
UK have been reported to have deﬁcient vitamin B12 status (<148 pmol/l) which may be due to methodological
differences between the studies but may also highlight
the potential impact of age on vitamin B12 status(82).
As vitamin B12 absorption becomes less efﬁcient with
ageing it is important to ensure AI in older adults to prevent increased risk of deﬁciencies.
Vitamin C
Vitamin C acts as an antioxidant within the body
through its role as an enzyme cofactor for biochemical
reactions catalysed by oxygenases and plays an important role in the biosynthesis of collagen(94). Some studies
have reported a link between low vitamin C intake and
an increased risk of CVD in adults of all ages and
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increased risk of frailty in older adults(95–97).
Age-related decreases in antioxidant enzyme activity
are reported to contribute to increased oxidative damage
and age-related degeneration highlighting the need for
continuous supply of key antioxidant nutrients. The
EFSA has set a PRI for vitamin C of 110 mg/d for
men and 95 mg/d for women while the recommended
intake from the NNR is 75 mg/d(12,94). Mean intakes of
vitamin C among older adults in Europe are lowest in
Lithuania (53 mg/d) and Iceland (85 mg/d) and typically
range from 101 to 150 mg/d in other European countries
which is above the recommended intake from the NNR
and PRI from the EFSA (Table 2). However, it has
been reported that 10–35 % of older adults have intakes
below the respective EAR in the Netherlands, Portugal,
Spain and Iceland(19,40,43,98).
Calcium
Calcium is well recognised for its vital structural role in
the skeleton and the key role within nerve transmission
and intracellular messaging in the body. The EFSA has
recently set a PRI of 950 mg/d for adults based on calcium balance data (intake–excretion, excluding dermal
losses)(99). While the functional outcome of inadequate
calcium intake is often reduced bone density, the EFSA
has recommended that more research is needed on the
effects of very old age (>80 years) on calcium requirements (including measurements of efﬁciency of absorption, obligatory losses and changes in bone calcium
content)(99). The UK DoH and NNR have set a recommended intake of 700 and 800 mg/d, respectively for calcium(12,13). Mean intakes of calcium in older adults in
Lithuania, Austria, Iceland, Italy, Andorra, Germany,
Norway, Portugal and Sweden are low when compared
with the PRI proposed by the EFSA (range 481–853
mg/d) (Table 2). While intakes in France, the UK,
Finland, Belgium, the Netherlands and Denmark are
more in line with the recommendation (901–1078 mg/
d). Despite these intakes, up to 50 % of older adults
across Europe have been reported to have inadequate
intakes of calcium when compared with an EAR of
525 or 750 mg/d (ranging from <5 % in Spain and the
Netherlands to 50–56 % in Portugal and Poland)(43,74).
Iron
Iron is required within the body for transport of oxygen
and is an essential component of many enzymes playing
a role in electron transport, respiration and hormone synthesis. Iron deﬁciency anaemia is the clinical manifestation of low iron intake and status and has been
associated with numerous health implications in older
adults including a decline in physical performance, cognitive impairment, increased susceptibility to falling
and frailty and mortality(100). The EFSA has recently
set a PRI for iron of 11 mg/d for men ≥18 years and postmenopausal women based on requirements to replace
whole-body losses(101). The UK DoH has set an RNI
of 8·7 mg/d for iron and the NNR has set a recommended intake of 9 mg/d(12,13). Mean intakes of iron
among older adults in Europe range from 9·0 to 12·2
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mg/d (Table 2), above the recommendations from the
UK and NNR and are approaching or above the PRI
from the EFSA. While 10–50 % of older adults have
been reported to have inadequate intakes of iron in individual studies (highest among females), the prevalence of
iron deﬁciency anaemia is very low in this age group
across Europe (<5 %)(17,67).
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Iodine
Iodine is an important mineral for health, required for
the production of key thyroid hormones thyroxine and
triiodothyronine, which are essential for cellular metabolism, growth and physical development. While the crucial role of iodine at important developmental stages is
widely known much less is known regarding its impact
throughout the lifespan and in particular for the older
population. A recent follow-up to a birth-cohort in a
Scottish population exploring iodine exposure on brain
structures and cognition in older people found an association between low iodine intake and inner brain atrophy,
raising an important hypothesis which warrants further
studies(102). The EFSA has recently set an AI for iodine
of 150 µg/d for adults based on the urinary iodine excretion concentration accepted as indicating sufﬁcient iodine
intake (associated with the lowest prevalence of goitre in
children, in the absence of data for adults)(103). Mean
intakes of iodine in older adults across Europe
(Table 2) are lowest in Austria (133 µg/d) but typically
range from 186 to 247 µg/d which is above the AI proposed by the EFSA. The WHO have deﬁned a median
urinary iodine of 100–199 µg/l as optimal for iodine
nutrition and urinary iodine values have been reported
for older adults in Ireland (median: 101 µg/l) and
Austria (mean: 110 µg/l)(17,104,105). It has previously
been reported that iodine intakes can be directly
inﬂuenced by seasonal changes in agricultural practices
and so it is important to continue to monitor intakes
and status in older adults to ensure sufﬁciency.
Magnesium
Magnesium plays a key role in skeletal development and
in the maintenance of electrical potential in nerve and
muscle membranes(13) and recent studies have suggested
that magnesium could also be associated with muscle
function in older adults and with risk of CVD in the general population(106,107). The EFSA has recently set an AI
for magnesium of 350 mg/d for men and 300 mg/d for
women based on observed intakes in healthy populations
of the European Union(108). Mean intakes of magnesium
in older adults from the UK, Italy, Austria and Portugal
range from 252 to 287 mg/d which is below the AI and so
the adequacy of intakes cannot be determined, while
intakes in Sweden and Andorra are above the AI (324
and 445 mg/d, respectively) indicating there may be a
low prevalence of inadequate intakes in these countries
(Table 2). However, a recent review of micronutrient
intakes in community dwelling older adults in the
Western world reported that 73 % of men and 41 % of
women had inadequate magnesium intakes when

compared with the EAR from the NNR (men: 350 mg/d,
women: 265 mg/d)(81).

The role of fortiﬁed foods and nutritional supplements
Further research is necessary to identify the dietary patterns that are contributing to the micronutrient imbalances identiﬁed in older adults and to evaluate the best
dietary strategies to ensure nutrient adequacy. Dietary
strategies to improve micronutrient intakes and status
may include food fortiﬁcation (mandatory or voluntary)
and/or the use of nutritional supplements. Mandatory
fortiﬁcation is that which is required by statute or
ofﬁcially encouraged (e.g. vitamin D fortiﬁcation of
ﬂuid milks or folic acid ﬂour fortiﬁcation) while voluntarily fortiﬁcation is at the discretion of the manufacturer
to improve the nutrient proﬁle of a food (e.g. the addition
of vitamins and minerals to ready-to-eat breakfast cereals). Many countries in Europe recommend vitamin D
supplements for older adults(12,48,56,58,109). Where data
are available (UK, Ireland, the Netherlands, Germany,
Austria and Finland), the consumption of fortiﬁed
foods and nutritional supplements has been shown to
be associated with higher dietary intakes and nutritional
status in older adults, particularly for vitamin D and
B-vitamins (with smaller contributions to vitamins C, E,
calcium and iron)(19,67,83,85,86,110–113).
The contribution of nutritional supplements to the diets
of older adults
Nationally representative surveys in the UK and the
Netherlands have reported mean intakes of micronutrients in older adults from food sources only (excluding
nutritional supplements) and from all sources (including
nutritional supplements) allowing for calculation of the
contribution of nutritional supplements to nutrient
intake(19,86). The UK NDNS has reported that 41 % of
older adults took a nutritional supplement with nutritional supplements making signiﬁcant contributions to
intakes of vitamins D (41 %), C (21 %) and B-vitamins
(11–31 %) and smaller contributions to intakes of iron
(9 %) and calcium (5 %)(67,86). Similarly, the
DNFCS-older adults survey has reported that 45 % of
older Dutch adults take nutritional supplements making
signiﬁcant contributions to intakes of vitamins D (21 %),
C (30 %) and B-vitamins (35–47 %) with smaller contributions to iron (11 %) and calcium (6 %)(19). At the
time of the DNFCS-older adults survey there was a vitamin D supplementation policy for older adults; however,
just 26 % of older women and 18 % of older men
reported taking a vitamin D supplement(19). Data from
Dutch participants in the NU-AGE study (65–80 years)
reported signiﬁcant contributions of nutritional supplements to intake of vitamins D (41 %), B6 (43 %), B12
(48 %) and total folate (19 %) with small contributions
to intake of iron (12 %) and calcium (6 %)(111). The
TILDA study in Ireland investigated the determinants
of vitamin B12 and folate status in older Irish adults
(≥50 years) and found that nutritional supplement
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users had a signiﬁcantly lower prevalence of low/deﬁcient
B12 or folate status than non-supplement users with
nutritional supplement use being the largest predictor
of status in this population(83). The Ageing Cohort
Study in Ireland also showed that biomarker status of
vitamins B2, B6, B12 and folate were signiﬁcantly higher
in supplement users to non-users (>60 years)(110).
Similar ﬁndings have been reported in the KORA-Age
study in Germany (65–90 years) where no/irregular supplement use was a strong predictor of deﬁcient vitamin
D, B12 and folate status and in a convenience sample
of older adults in Austria (70–90 years) where regular
use of supplements signiﬁcantly improved biochemical
status for vitamins D, E, C and B-vitamins(85,112).
The contribution of fortiﬁed foods to the diets of older
adults
To date the DNFCS-older adults survey is the only
nationally representative survey which provides information on nutrient intakes from fortiﬁed foods(19). This
study reported that 70 % of older adults consumed fortiﬁed foods and fortiﬁed foods made signiﬁcant contributions to intakes of vitamins D (18 %), folate (18 %), B6
(17 %) and E (15 %) with smaller contributions to intakes
of vitamins C, B1, B2, calcium and iron (4–6 %)(19). Data
from Dutch participants in the NU-AGE study (65–80
years) has shown that fortiﬁed foods make important
contributions to intakes of vitamin D (18 %) and B6
(10 %)(111). Furthermore, data from the Ageing Cohort
Study in Ireland showed that biomarker status of vitamins B2, B6, B12 and folate signiﬁcantly increased with
increasing intake of fortiﬁed foods(110).
A recent study in Finnish adults (including older
adults) has demonstrated the beneﬁts of a food fortiﬁcation policy to improve nutritional status at a population
level(113). The authors examined vitamin D status in
older adults both pre- and post-national fortiﬁcation policy and found that mean serum 25(OH)D concentration
signiﬁcantly increased (46 nmol/l v. 66 nmol/l) and the
prevalence of vitamin D insufﬁciency signiﬁcantly
decreased (57 % v. 7 %) over the 11 year period which
can be explained mainly by food fortiﬁcation.
However, the authors did note that there was also an
increase in vitamin D supplement users (11 % v. 41 %
in the total population >30 years old) over the time period which may also contribute to the increased status(113).

Conclusions
Adequate nutritional status plays an important role in
preserving health status and preventing or delaying the
progression of age-related diseases in older adults. Data
from studies of older adults in Europe have highlighted
unfavourable intakes of total and saturated fat, sugar,
salt and dietary ﬁbre with low intakes and suboptimal
status of key micronutrients such as vitamins D, B2,
B12, folate and calcium. Fortiﬁed foods and nutritional
supplements have been shown to make signiﬁcant contributions to intakes and status of these micronutrients in

9

older adults; however, it is important to continue monitoring nutrient intakes and status in light of changing fortiﬁcation practices and food consumption patterns.
Future strategies to address the nutritional issues identiﬁed in older adults could include the promotion of
healthy food choices (in line with dietary guidelines)
and improvements of the food supply including reformulation (fat, sugar and salt), food fortiﬁcation or supplementation with speciﬁc nutrients to promote successful
ageing of our populations.
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