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Abstract

Vitamin A refers to a group of fat-soluble compounds with retinol activity, including all-trans retinol and 
pro-vitamin A carotenoids. Bioactive compounds include retinal and all-trans retinoic acid with important 
functions in vision, immune function, growth, and development. The literature search that was performed 
for the current scoping review yielded a total of seven publications relevant to setting the recommended daily 
intake for vitamin A. In total, six publications assessed the relationship of serum retinol and/or dietary vita-
min A intake with fracture risk (n = 2), cancer (n = 3), and deficiency after bariatric surgery (n = 1). One 
additional report by the European Food Safety Administration (EFSA) with updated average requirements 
was included. The outcomes-based systematic reviews and meta-analyses showed positive associations for 
vitamin A intake and serum retinol with risk of hip fracture. Weak or inconclusive associations were observed 
for cancer or obesity. One publication by EFSA with updated estimated average requirements and population 
reference intakes for dietary vitamin A intakes was published in 2015. The EFSA recommendations and esti-
mated average requirements are based on a European reference population, with body weights derived from 
an assumed body mass index of 22, which might be too low and not representative of the Nordic and Baltic 
populations, and consequently resulting in lower estimated average requirements and recommendations. In 
conclusion, there were limited new outcomes-based data for vitamin A and health outcomes.
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Vitamin A refers to a group of essential fat-solu-
ble compounds with retinol activity including 
pro-vitamin A carotenoids (1). Vitamin A can be 

obtained from both animal and plant sources in the diet 
(1). In animal sources, vitamin A exists predominantly 

as retinyl palmitate (a retinyl ester), whereas in plants, 
it exists only in the form of pro-vitamin A carotenoids 
such as β-carotene. β-Carotene is one of 50–60 members 
of a large class of naturally occurring compounds called 
carotenoids that have retinol activity, implicating that at 

Popular scientific summary
•  Vitamin A refers to a group of fat-soluble compounds with retinol activity, including all-trans reti-

nol and pro-vitamin A carotenoids.
•  Retinol is considered the principle form of the vitamin A, while retinal and retinoic acid are the 

active forms of vitamin A involved in the visual process in the retina and transcription regulation in 
almost all cell types, respectively.

•  Dietary intake needed to maintain a liver retinol concentration of 20 µg/g liver is used as indicator 
to set vitamin A requirement.

•  Deficiency is defined as liver retinol concentrations <0.07 µmol/g or serum/plasma retinol 
<0.7 µmol/L.

•  Clinical deficiency manifests as xerophtalmia and impaired resistance to infection.
•  Recommended intake of vitamin A is expressed in terms of retinol equivalents (REs).
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least one intact molecule of retinol or retinoic acid can be 
obtained from the carotenoid.

The major circulating form is all-trans-retinol, which 
can be converted to the hormonally active compound, 
all-trans-retinoic acid (ATRA), in the liver and other tar-
get tissues, where it exerts its biological activity through 
nuclear receptors (1). Vitamin A is also crucial for night-
time vision as part of the photopigment rhodopsin in the 
eye. Here, 11-cis retinal is the major bioactive component 
that is crucial for rhodopsin formation. Vitamin A can be 
stored in the body and can therefore protect from vitamin 
A insufficiencies for several months. The main storage 
form of vitamin A is as retinyl esters formed by esterifica-
tion of retinol in the liver.

Recommendations on vitamin A are formulated based 
on sources of  preformed vitamin A (retinol and retinyl 
esters) and conversion of  pro-vitamin A carotenoids, 
including α-carotene, β-carotene, and β-cryptoxanthin. 
To convert all sources of  vitamin A into a single unit, 
the terms ‘retinol equivalents’ (RE) or ‘retinol activity 
equivalents’ (RAE) are used. The term RE is used by the 
WHO/FAO and EFSA, whereas the term RAE is used 
by the US National Academy of  Medicine (previously 
Institute of  Medicine (IOM)), and the differences lie in 
estimated conversion factors of  β-carotene and other 
carotenoids to retinol. The WHO/FAO and EFSA esti-
mate that 6/12 μg of  dietary β-carotene/other carotenoids 
are required to produce 1 μg of  retinol (2, 3), whereas the 
IOM estimates that 12/24 μg of  β-carotene/other carot-
enoids are required to produce 1 μg of  retinol (4). There 
is still uncertainty about the appropriate bioconversion 
factor applied for β-carotene to retinol. The absorption 
and bioconversion of  β-carotene vary considerably, and 
Haskell reported that 5–65% of β-carotene is bioavailable 
depending on the source (5). Haskell further reported 
equivalencies ranging from 2 to 55:1 in oil with a median 
of  3.7:1 and ranging from 4.5 to 27:1 in plant foods with a 
median of  12.5:1. In another review, Von Loo-Bouwman 
et al. reported equivalencies in oils ranging from 2 to 55:1 
with a median of  3.5:1, whereas a range of  5.4–28:1 was 

reported for plant foods with a median of  12.5:1 that 
depended on population and source and food matrix (6). 
In a recent compartmental modeling study that aimed to 
describe whole-body β-carotene metabolism, Green et al. 
used data  from healthy older adults that ingested 6 mg 
labeled β-carotene and reported vitamin A equivalencies 
ranging from 6.6 to 15:1 μg β-carotene:μg retinol (7), 
with a median of  13:1.

Present evidence does not allow us to accurately esti-
mate the correct conversion factor for β-carotene. As dis-
cussed, there are arguments that both favor a conversion 
factor of 6:1 and 12:1. Until more evidence is published, 
and in order to be consistent with recent legislation in 
most European countries, we use a conversion factor of 
6:1 for all sources of β-carotene in the present NNR, and 
the term RE will be maintained. Thus, the conversion fac-
tors will be as follows:

• 1 μg of dietary or supplemental preformed vitamin 
A (i.e. retinol)

• 2 μg of supplemental β-carotene
• 6 μg of dietary β-carotene
• 12 μg of other dietary pro-vitamin A carotenoids 

(e.g. α-carotene and β-cryptoxanthin)

Methods
The scoping review follows the protocol developed 
within the NNR2023 project (Box 1) (8). The sources 
of  evidence used follow the eligibility criteria described 
in the paper ‘The Nordic Nutrition Recommendations 
2022 – Principles and methodologies’ (9). One quali-
fied systematic review (qSR) published after 2012 was 
identified in the initial scoping review on vitamin A by 
the NNR 2023 committee (2). For the present scoping 
review authors’ literature search, the search string used 
was (((((‘vitamin a’[Title])) AND (review[Publication 
Type] OR systematic review[Publication Type] OR 
meta-analysis[Publication Type])) AND (‘2011’[Date 
– Publication] : ‘3000’[Date – Publication]))) AND 
Humans[Filter]. The search yielded 226 hits. Based on 

•  This paper is one of many scoping reviews commissioned as part of the Nordic Nutrition Recommendations 2023 
(NNR2023) project (Blomhoff et al, NNR report (8))

•  The papers are included in the extended NNR2023 report, but, for transparency, these scoping reviews are also pub-
lished in Food & Nutrition Research.

•  The scoping reviews have been peer reviewed by independent experts in the research field according to the standard 
procedures of the journal.

•  The scoping reviews have also been subjected to public consultations (see report to be published by the NNR2023 
project).

• The NNR2023 committee has served as the editorial board.
•  While these papers are a main fundament, the NNR2023 committee has the sole responsibility for setting dietary 

reference values in the NNR2023 project.

Box 1. General information
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title and abstract screening, 11 reviews were considered 
relevant for either setting new dietary reference values 
(DRVs) for vitamin A or relevant to health outcomes in 
the Nordic or Baltic countries. None fulfilled the set of 
criteria set down by the NNR committee for qSRs (10). 
However, six systematic reviews were considered rele-
vant for the sub-chapters cancer (11–13), osteoporosis 
and fractures (14, 15), and obesity (16), and their results 
are briefly discussed in this scoping review. These  six 
reviews were quality checked with the AMSTAR2-
NNR tool and were considered of  low or critically 
low quality (Table  1). Also, the scarcity of  data did 
not always allow appropriate methods for meta-anal-
ysis. Despite this, these reviews address highly relevant 
research questions concerning dietary and circulating 
vitamin A and will be discussed briefly. An updated 
search was performed on August 1st, 2022. The scop-
ing review authors and the NNR committee are aware 
of  these publications; however, the information in these 

publications does not change the judgment regarding 
the setting of  DRVs/Food-based dietary guidelines.

Physiology
Prior to uptake, retinyl esters from animal sources are 
converted to retinol by REH (retinyl ester hydrolase) in 
the intestinal lumen. The absorption of ingested retinol 
and ß-carotene in the intestine is facilitated by co-inges-
tion of fat (17, 18). The dietary fat stimulates secretion 
of bile salts, which causes emulsification of retinol in 
micelles, thereby increasing the absorption of retinol (19). 
Retinol and carotenoids are taken up from the lumen by 
enterocytes, in which retinol bound to CRBP2 (cellular 
retinol-binding protein 2) is esterified to retinyl esters 
by LRAT (lecithin:retinol acyltransferase) (20) (Fig. 1). 
β-Carotene from plant-based foods is transformed in 
enterocytes to retinal by BCO1 (β-carotene 15,15´-diox-
ygenase). Retinal bound to CRBP2 is subsequently 
converted to retinol by DHRS3 (NADPH-dependent 

Table 1. Appraisal of systematic reviews identified in the literature search

Domain* Zhang (13) Wu (14) Zhang (15) He (11) Leelakanok (12) Lewis (16)

1 Yes Yes Yes Yes Yes Yes

2** No No No No No No

3** Yes Yes Yes Yes Yes Yes

4 No Yes Yes Yes No Yes

5 Yes Yes Yes Yes Yes Yes

6 No No No No No No

7 Yes Yes No Yes Yes Yes

8** Yes Yes Yes Yes Yes Yes

9 No No No No No No

10** Yes Yes Yes Yes Yes N/A

11** Yes No No No Yes Yes

12 Yes No Yes Yes Yes Yes

13** Yes Yes Yes No Yes N/A

14 Yes Yes Yes Yes Yes Yes

Overall confidence Critically low Critically low Critically low Critically low Critically low Low

*AMSTAR2-NNR Domains: 1: Did the research questions and inclusion criteria for the review include the components of PICO? 2: Did the report of 
the review contain an explicit statement that the review methods were established prior to the conduct of the review and did the report justify any 
significant deviations from the protocol? 3: Did the review authors use a comprehensive literature search strategy? 4: Did the review authors perform 
study selection in duplicate? 5: Did the review authors perform data extraction in duplicate? 6: Did the review authors provide a list of excluded stud-
ies and justify the exclusions? 7: Did the review authors describe the included studies in adequate detail? 8: Did the review authors use a satisfactory 
technique for assessing the risk of bias (RoB) in individual studies that were included in the review? 9: Did the review authors report on the sources 
of funding for the studies included in the review? 10: If meta-analysis was performed, did the review authors use appropriate methods for statistical 
combination of results? 11: Did the review authors account for RoB in individual studies by subgroup analysis, or when they interpreted/discussed the 
results of the review? 12: Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity observed in the results of 
the review? 13: If they performed quantitative synthesis, did the review authors carry out an adequate investigation of publication bias (small study bias) 
and discuss its likely impact on the results of the review? 14: Did the review authors report any potential sources of conflict of interest, including any 
funding they received for conducting the review?

**AMSTAR2-NNR critical domains.
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Fig. 1 In the intestinal lumen, retinyl esters are converted to retinol by REH (retinyl ester hydrolase). Retinol and β-carotene in 
the intestine is taken up by enterocytes where retinol bound to CRBP2 (cellular retinol-binding protein 2) is converted to retinyl 
esters through LRAT (lecithin:retinol acyltransferase) and packed in chylomicrons. β-carotene in enterocytes is either packed in 
chylomicrons or converted to retinal through BCO1 (β-carotene 15,15´-dioxygenase); retinal bound to CRBP2 is then converted 
to retinol through DHRS3 (NADPH-dependent dehydrogenase reductase 3) and subsequently to retinyl esters through LRAT 
and stored in chylomicrons. As a feedback mechanism, ATRA is formed from retinal through a two-step process by RALDHs 
(retinal dehydrogenases) to induce the expression of ISX (intestinal-specific homeobox gene) which inhibits uptake of β-carotene 
through SCARB1 (scavenger receptor class B type 1) and the conversion to retinal through BCO1. Chylomicrons are released 
into lymphatics and subsequently to the blood. Circulating retinyl esters present in chylomicrons and bound to lipoproteins are 
taken up by liver cells where it is either stored in stellate cells or converted to retinol and bound to RBP4 (retinol binding protein 
4) and TTR (transthyretin). In the liver cells, β-carotene in chylomicrons and bound to lipoproteins are taken up by CD36 and 
SCARB1 and subsequently converted to retinal by BCO1 and then to retinol through DHRS3. Retinol is then either converted 
to retinyl esters to be stored in stellate cells or bound to RBP4 and TTR to be released to the blood. Retinol released from the 
liver is present in the circulation as retinol bound to RBP4.
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dehydrogenase reductase 3) and finally to retinyl esters 
by LRAT. The retinyl esters, together with some amounts 
of β-carotene, are packed into chylomicrons, which are 
transported to the lymphatics and subsequently released 
into the blood, of which 70% are delivered to the liver 
and the rest to target cells. In the circulation, both retinyl 
esters and β-carotene are also present in association with 
lipoproteins such as very low-density lipoproteins. Small 
amounts of retinal in enterocytes are metabolized to 
ATRA by RALDHs (retinal dehydrogenases) (see further 
below). Interestingly, ATRA induces the expression of the 
transcription factor ISX (intestinal-specific homeobox 
gene), which represses the expression of BCO1. ISX also 
inhibits the expression of SCARB1 (scavenger receptor 
class B type 1), an intestinal transporter protein import-
ant for the uptake of β-carotene into enterocytes. The 
ATRA-induced control of the expression of both these 
genes acts as feedback mechanism to suppress the conver-
sion of β-carotene to retinol, which explains why toxicity 
to β-carotene does not occur (21, 22).

Retinyl esters present in the chylomicrons, chylomicron 
remnants or lipoproteins are delivered to hepatocytes in 
the liver, and the retinyl esters are then either stored in 
lipid droplets in hepatic stellate cells or hydrolyzed to ret-
inol by REH and then bound to CRBP1 (23–25) (Fig. 1). 
This complex is transferred to hepatocytes, where retinol 
is bound to RBP4 (retinol-binding protein 4) and to the 
transporter protein TTR (transthyretin) and subsequently 
released to the blood. The cellular uptake of β-carotene in 
the liver is facilitated by the scavenger receptors SCARB1 
and CD36 (also known as SCARB3 (Fig. 1)). In the cyto-
sol, β-carotene is then converted to retinal by BCO1 and 
then reduced to retinol by DHRS3. Retinol thus formed 
can then either be esterified by LRAT to retinyl esters or 
bound to RBP4 and secreted to be used by target cells.

In the circulation, retinoids mainly exist not only as reti-
nol bound to RBP4 but also as retinyl esters and β-carotene 
in chylomicrons and other lipoproteins (Very low-density 
lipoprotein, low-density lipoprotein, and high-density 
lipoprotein) if concentrations are very high, or as ATRA 
bound to albumin. In the fasting state, the concentration 
of retinyl esters in plasma is 100–200 nM but increases to 
5–10 μM after a retinoid rich meal; after which, it serves as 
the main source for cellular uptake (25). In the fasting state, 
the concentrations of retinol/RBP4 and β-carotene are 2–4 
and 5–8 μM, respectively. During this state, retinol/RBP4 
replaces retinyl esters as the main source for cellular uptake. 
The plasma concentration of ATRA is generally low and 
varies from 1 to 3 nM during fasting state and increases to 
80–90 nM in the postprandial phase.

In target cells, retinol/RBP4 is taken up by STRA6 
(stimulated by retinoic acid 6) and β-carotene present 
in chylomicrons and other lipoproteins by the scavenger 
proteins CD36 and SCARB1 (24, 26) (Fig. 2). Retinyl 

esters in chylomicrons and other lipoproteins, and ATRA 
bound to albumin, also serve as sources for uptake of  ret-
inoids by target cells. Retinol delivered through STRA6, 
or formed by the conversion of  retinyl esters by REH, 
is bound to CRBP1 and then oxidized by retinol dehy-
drogenase (RDH) to retinal. Retinal is also formed from 
β-carotene by BCO1. Retinal is converted by a two-step 
oxidation process through RALDHs to ATRA. ATRA 
bound to CRABP2 (cellular retinoid acid-binding pro-
tein 2) is shuttled to the nuclei, where it binds to reti-
noid nuclear receptors (RARs). Similar to other nuclear 
receptors, RARs in complex with ATRA heterodi-
merize with retinoic X receptors (RXRs) and function 
as ligand-dependent transcription factors. FABP5 (fatty 
acid-binding protein 5) can also bind ATRA facilitating 
the binding of  ATRA to PPARβ/δ (peroxisome prolif-
erator-activated receptor β/δ), which is another form of 
nuclear receptors able to form heterodimers with RXRs 
(27).

Two families of  nuclear receptors mediate the clas-
sical biological effects of  retinoids, retinoic acid recep-
tors (RARs), and retinoic X receptors (RXRs) (25, 28, 
29). Three isotypes (α, β, and γ), encoded by separate 
genes, make up each family, and these receptor sub-
types are present in different isoforms due to alternate 
splicing and different promoter usage. The fact that 
gene sequence for each isotype differs significantly, 
but is highly conserved between humans and mice, has 
given rise to the speculation that each RAR isotype 
has specific functions. When ATRA binds to RAR, the 
receptors heterodimerize with RXR and subsequently 
undergo conformational changes in the ligand-binding 
domain of  the receptor, making it possible to replace 
corepressors with coactivators and to recruit histone 
acetyltransferases and methyltransferases (Fig. 2). The 
activated RAR/RXR complex can then bind to RAREs 
(retinoic acid response elements) in gene regulatory 
regions upstream of  a variety of  genes, which will either 
cause activation or repression of  gene transcription. 
The ligand for RXRs has been elusive for many years 
but it seems that 9-cis-13,14-dihydroretinoic acid may 
be a physiologically relevant ligand for RXR. ATRA 
can also act as an alternative ligand for PPARβ/δ and 
be directed to the RXR/PPARβ/δ dimer, which is then 
recruited to PPREs (PPAR response elements) in dif-
ferent gene regulatory regions and thereby function as 
another mechanism by which ATRA can regulate tran-
scription (30). RXRs can also induce transactivation or 
transrepression by interacting with other nuclear recep-
tors or transcription factors (25, 31).

For the visual functions of vitamin A in the eye, ret-
inyl esters are metabolized to 11-cis-retinal through the 
enzymatic activity of the retinoid isomerohydrolase 
RPE65. Together with opsin, 11-cis-retinal makes up the 
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chromophore rhodopsin. Using light energy and pho-
toisomerization, rhodopsin is decomposed to opsin and 
all-trans-retinal, resulting in a visual signal from retina to 
the central nervous system.

Vitamin A has numerous important physiological func-
tions in the body not only during embryonic development 
but also during postnatal life, including making up the 
light sensitive chromophore rhodopsin in eyes. Numerous 
genes contain RAREs, and the transcriptional activity 
includes regulation of genes involved in immunity, repro-
duction, maintenance of epithelial functions, mainte-
nance of epithelial surfaces, immune competence, growth, 
and bone remodeling (25).

Assessment of vitamin A status
Depending on the population, assessment of  vitamin A 
status can be done using dietary assessment methods and 
physiological and biochemical indicators. Physiological 
indicators include assessment of  dark adaptation in 
suspected deficiency, whereas biochemical indicators 
include serum RBP4 and retinol in serum, dried blood 
spot and breast-milk retinol, retinyl esters in serum, rela-
tive dose-response tests, and isotope dilution techniques 
(32). The traditional cut-off  for vitamin A deficiency 
is <0.07 μmol retinol/g liver (20 μg retinol/g liver) (2), 
which is the minimum liver reserve used for the estima-
tion of  vitamin A requirements. The latest Biomarkers 

Fig. 2. In target cells, retinol is taken up through STRA6 (stimulated by retinoic acid 6) and bound to CRBP1 (cellular reti-
nol-binding protein 1) and subsequently oxidized to retinal by RDH (retinol dehydrogenase). Retinyl esters present in chylomi-
crons and lipoproteins are taken up and also serve as cellular source for conversion to retinol and retinal. In addition, β-carotene 
in chylomicrons and lipoproteins is taken up through CD36 and SCARB1 (scavenger receptor class B type 1) and then converted 
to retinal by BCO1 (β-carotene 15,15´dioxygenase). Retinal is finally metabolized by two different RALDHs (retinal dehydroge-
nases) to ATRA. ATRA bound to CRABP2 (cellular retinoic acid binding protein 2) is shuttled to the nucleus and then ligated 
to retinoic acid receptors (RARs). ATRA can also be bound to FABP5 (fatty acid-binding protein 5) and is then ligated to PPAR 
(peroxisome proliferator-activated receptorβ/δ). Both RARs and PPARβ/δ heterodimerize with retinoic X receptors (RXRs). 
These complexes cause activation or repression of gene transcription through RARE (retinoic acid response elements) or PPRE 
(PPAR response elements), respectively.
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of Nutrition and Development (BOND) publications 
call for this cut-off  to be increased to <0.1 μmol ret-
inol/g liver (32, 33). Because liver tissue is unavailable in 
humans, serum retinol and/or RBP4 is commonly used 
to assess vitamin A status. The generally accepted defi-
nition of  deficiency measured as serum/plasma retinol at 
the population level is <0.7 μmol/L, whereas others have 
proposed to use <1.05 μmol/L (2, 32, 34). It has been 
argued that a cut-off  at 1.05 may lead to overestimation 
of  vitamin A deficiency (34), and, thus, we proceed with 
<0.7 μmol/L as the definition of  deficiency. For liver 
stores, adequacy is defined as ranging from 0.1 to 0.7 
μmol retinol/g liver (32).

Although serum retinol and RBP4 are considered 
adequate to assess vitamin A deficiency on a population 
level, interpretation of serum concentrations in affluent 
societies can be challenging for a variety of reasons. For 
example, retinol is kept under tight homeostatic control 
and generally does not respond to dietary intakes unless 
they remain deficient or extremely excessive over time (35). 
Both conditions are relatively rare in Western populations. 
In addition, retinol is sensitive to inflammation, which can 
lead to underestimated levels (36). For RBP4, this marker 
is thought to be increased in overweight and obesity (37) 
and is an adipokine with properties independent of retinol 
transport protein (38). Using RBP4 as a measure of status 
can thus lead to overestimation of vitamin A status in indi-
viduals with overweight and obesity. Collectively, although 
serum retinol and RBP4 are useful markers in the context 
of deficiency, they lack sensitivity for assessment in areas 
where vitamin A status is generally considered sufficient.

As liver biopsies are generally not available from 
humans, an adequate measure of vitamin A status is using 
isotope dilution techniques, which is thought to reflect 
total body vitamin A stores in the absence of inflamma-
tion (32). However, this procedure is rarely carried out 
when assessing retinol status in developed countries, and 
we are not aware of any such data from Nordic or Baltic 
populations. One recent study in US women showed that 
mean ± standard deviation liver vitamin A concentra-
tions, as measured by isotope dilution techniques, were 
0.45 ± 0.31 μmol/g liver (39). When supplement users 
were excluded, hepatic and total body vitamin A stores 
did not correlate with self-reported vitamin A intakes, and 
thus, assessment of status remains a challenge in nutri-
tionally vitamin A replete populations. Notably, intakes 
around 500 RE/d predicted liver stores four times the min-
imal cut-off  on which the estimated average requirements 
in the US guidelines are based.

Vitamin A intake in the Nordic and Baltic countries
Dietary intakes of  vitamin A have been summarized in 
the background review on dietary intake in the Nordic 
and Baltic countries and published in the background 

paper by Lemming & Pitsi (40). Briefly, vitamin A intakes 
were higher than the recommended intakes from NNR 
2012 in both the Nordic and Baltic countries. Average 
intake of  vitamin A ranged from 812 RE/d among men 
in Sweden to 1,556 RE/d among men in Denmark, 
and from 747 RE/d among women in Finland to 1,110 
RE/d among women in Denmark. In the Baltic coun-
tries, average intake ranged from 1,053 RE/d among 
men in Lithuania to 1,155 RE/d among men in Estonia. 
For women, average intake ranged from 934 RE/d in 
Lithuania to 942 RE/d in Estonia. In Latvia, average 
intake was reported jointly for males and females across 
ages 7–64 and was 666 RE/d.

Data from children and adolescents in various age 
groups were available from Denmark (41), Finland (42), 
Iceland (43), Norway (44), Sweden (45), Estonia (46), and 
Lithuania (47). In age groups 2–5, 6–9, and 10–13 years, 
recommendations from NNR2012 were 350, 400, and 600 
RE/d, respectively. Notably, in Denmark, average vita-
min A intakes were 1,271 (boys) and 1,096 (girls) RE/d 
among 4–5 year olds; 1,236 (boys) and 1,210 (girls) RE/d 
among 6–9 year olds; and 1,192 (boys) and 943 (girls) 
RE/d among 10–13 year olds. In other words, vitamin A 
intake among Danish 2–9 year olds was well in excess of 
recommended intakes. The main source of vitamin A in 
the Danish population as a whole is meat (40%) and vege-
tables (24%) (41). Children in the other Nordic and Baltic 
countries were also in excess of recommended intakes, but 
not to the same extent as in Denmark, with the exception 
of Estonian 6–9 year old boys with intakes of 1,136 RE/d.

Health outcomes relevant for Nordic and Baltic 
countries

Deficiency
There is some variability in the definitions of  deficiency. 
Vitamin A deficiency is defined as liver stores of  <0.07 or 
<0.10 μmol retinol/g liver depending on the publication, 
or alternatively serum/plasma retinol of  <0.7 μmol/L 
(2, 32–34). When the intake of  vitamin A is inadequate 
to meet physiological needs, clinical vitamin A deficiency 
develops and is characterized by several ocular features 
(xerophthalmia) and impaired resistance to infection, 
and increased infectious disease mortality. According to 
the WHO, ocular features have been reported for plasma/
serum retinol concentrations of  0.35 μmol/L (48). Low 
liver stores as assessed by modified relative dose-re-
sponse tests were observed in Indonesian women with a 
serum retinol of  <0.7 μmol/L (49). Vitamin A deficiency 
is probably uncommon in developed countries compared 
to developing countries (32, 50) but might be under-di-
agnosed because there is a lack of  simple screening tests 
to measure subclinical deficiency as circulating retinol is 
kept under tight homeostatic control (35).
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Toxicity
Chronic or acute hypervitaminosis A (>1 μmol retinol/g 
liver) leads to clinical symptoms, including nausea, vom-
iting, skin disorders, and liver damage (2, 32). Excessive 
intakes in pregnancy are teratogenic. In NNR2012, tol-
erable upper intake level was set to 3,000 RE/d of pre-
formed retinol for adults (not adapted to children). EFSA 
set tolerable upper intake levels for children and ado-
lescents ranging from 800 to 1,600 RE/d depending on 
their age. Of note, Danish children in the youngest age 
group exceed the tolerable upper intake levels reported in 
EFSAs recommendations (see review on dietary intakes in 
NNR). It has been suggested that intake even marginally 
above the recommended dietary intake is associated birth 
defects, reduced bone mineral density, and increased risk 
for hip fracture (see below).

Fracture risk and osteoporosis
Numerous studies in mice and rats have demonstrated 
that high doses of  vitamin A cause harmful effects mainly 
on cortical bone due to excessive formation of  periosteal 
osteoclasts, resulting in diminished cortical width and 
in some cases spontaneous fractures (51, 52). Most of 
these studies, however, have been performed with high, 
intoxicating doses of  vitamin A (13 to at least 142 times 
higher than the recommended dietary allowance (RDA)) 
given during short time periods (7–14 days) (53). Studies 
using lower (subclinical) doses of  vitamin A (50 times 
higher than controls) for 12 weeks resulting in a 20-fold 
increase of  serum retinyl esters (5.25 µmol/L) demon-
strated decreased cortical thickness and width, resulting 
in enhanced bone fragility (54). A recent study showed 
that even lower doses of  vitamin A, close to the upper 
tolerable levels in humans (4.4x higher than controls) and 
resulting in serum levels of  retinyl esters of  0.14 µmol/L, 
resulted in decreased cortical bone mass when given to 
mice during longer time periods (10 weeks) (53).

Pioneering studies in Sweden, based upon a cross-sec-
tional study in 175 women aged 28–74 years, showed that 
dietary intake of retinol >1.5 mg/d was positively asso-
ciated with significantly decreased bone mineral density 
at several skeletal sites, including femoral neck, lumbar 
spine, and proximal femur, when compared to a dietary 
intake of <0.5 mg/d (55). Using a nested control–study 
with 247 women experiencing a hip fracture, the authors 
also reported that the risk for hip fracture was doubled 
in individuals with a dietary intake of retinol >1.5 mg/d, 
when compared to 873 age-matched controls. Dietary 
intake of β-carotene was not associated with bone mineral 
density or fracture risk. Subsequent studies confirmed the 
positive association between high dietary intake of retinol 
and decreased bone mineral density and increased risk for 
hip fracture (56, 57). In a population-based, longitudinal 
cohort study with 2,047 men and a follow-up time of 30 

years, Michaelsson et al. for the first time reported that 
the overall risk of fracture (n = 266) was positively related 
also to serum levels of retinol, with largest risk concen-
trated in the highest quantile for serum retinol (>2.64 
µmol/L) (58).

Since then, many studies have been performed to inves-
tigate whether these studies can be confirmed in other 
cohorts, but the results are divergent. Some studies have 
reproduced the initial results reporting a detrimental 
effect by vitamin A on bone, but others have found either 
no association or a beneficial effect (51, 52, 59).

The literature search conducted for this scoping review 
yielded two systematic reviews and meta-analyses for 
vitamin A and risk of fracture and osteoporosis. One 
meta-analysis assessed the effect of vitamin A on risk of 
hip or total fractures (14). The analyses included eight 
prospective studies, in which the intake of total vitamin 
A, retinol, or β-carotene was available, and four studies, 
in which serum retinol had been analyzed. High intake of 
total vitamin A or retinol, but not β-carotene, increased 
the relative risk of hip fracture but not that of total frac-
ture. Both high and low levels of serum retinol were asso-
ciated with increased risk of hip fracture without affecting 
the risk of total fracture. In another meta-analysis, high 
intake of retinol or total vitamin A slightly increased the 
risk of hip fracture (15). However, increased serum levels 
of retinol were not significantly associated with hip frac-
ture risk. In agreement with the other meta-analysis, low 
serum levels of retinol slightly increased hip fracture and 
total fracture risk.

Cancer
One systematic review and meta-analysis including 10 
studies showed that vitamin A intakes were not associ-
ated with all-cause mortality among pre-diagnostic or 
post-diagnostic breast cancer patients (11). Another sys-
tematic review and meta-analysis of  five studies found an 
inconclusive association between serum retinol and liver 
cancer (12). In a systematic review and meta-analysis 
of  11 studies on the risk association between vitamin A 
intake and cervical cancer, dietary total vitamin A intake 
and its components (retinol, β-carotene, and other carot-
enoids) were all inversely associated with cervical cancer 
(13). For blood retinol, a positive but inconclusive asso-
ciation was found with risk of  cervical cancer, whereas 
blood β-carotene was significantly and inversely associ-
ated with cervical cancer risk.

Obesity and diabetes
Elevated concentrations of the transport protein of reti-
nol in plasma, RBP4, have been identified as an adipokine 
with specific roles in adiposity and impaired insulin sensi-
tivity. The literature search described in the methods sec-
tion yielded several reviews on molecular mechanisms, by 
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which retinoids and RBP4 may influence energy metabo-
lism, insulin sensitivity, and adiposity. However, this con-
cept remains poorly understood, and there are currently 
no systematic reviews in humans linking these findings to 
vitamin A intake or serum retinol status. However, one 
systematic review evaluated the effect of bariatric surgery 
on micronutrients status (16); evidence was inconsistent 
with regard to vitamin A deficiency among these patients.

Requirement and recommended intake
Vitamin A recommendations are based on the required 
intake to maintain liver retinol concentrations of 20 µg 
retinol/g liver. NNR2012 was based on IOM 2001 (4) and 
yielded estimated intakes of 700 RE/d for women and 900 
RE/d for men. After applying body weight extrapolations, 
recommendations were set to 350 RE/d for children of 2–5 
years, 400 RE/d for children of 6–9 years, and 600 for chil-
dren of 10–13 years. To account for increased demands 
in pregnancy and lactation, recommendations were set to 
800 and 1,100 RE/d, respectively.

The initial literature search performed by the NNR 
2023 committee identified updated guidelines for vitamin 
A published in 2015 (2). The population reference intakes 
in EFSA were set to 750 RE/d for men and 650 RE/d for 
women. EFSA recommends slightly higher intakes of 
vitamin A for pregnant (700 RE/d) and lactating women 
(1,300 RE/d) compared to non-pregnant women based on 
the accumulation of vitamin A in the fetus and loss of 
retinol in breast milk (2).

EFSA recommends the following dietary vitamin 
A intakes for specific age groups after body weight 
adjustments:

• 7–11 months: 250 RE/d
• 1–3 years: 250 RE/d

• 4–6 years: 300 RE/d
• 7–10 years: 400 RE/d
• 11–14 years: 600 RE/d
• 15–17 years (males): 750 RE/d
• 15–17 years (females): 650 RE/d

Approaches to estimating average requirements
Both IOM 2001 and EFSA 2015 use the factorial 
approach to estimate vitamin A requirements, as listed 
in Table 2. Factors A through G are multiplied to arrive 
at average requirements that are, in turn, multiplied 
by coefficients of  variation to yield final recommen-
dations. There are some crucial differences in the two 
approaches that warrant discussion: NNR2012 was 
based on the IOM 2001 approach, which was based on 
a North American reference population. EFSA used 
more recent data on body/liver stores of  vitamin A cat-
abolic rates but relies on Olson (37) for the calculation 
of  fractional catabolic rate. The two approaches also 
use differing CVs to account for variation. The results 
from multiplying the different equation components 
yield clear differences in estimated average requirements 
and consequently recommendations. These differences 
are mainly explained due to the different reference body 
weights used in the respective approaches. Notably, 
using the IOM reference body weight in the EFSA 
approach would yield similar average requirements and 
recommended intakes. A notable distinction here is that 
EFSA uses an approach that assumes a body mass index 
(BMI) of  22 kg/m2, resulting in substantially lower body 
weights that poorly reflect the actual BMI in their ref-
erence population. Of  note, the median measured body 
weights range from 75 to 82 kg and from 60 to 68 kg for 
men and women, respectively, across age groups, closer 
to the IOM 2001 reference body weights. Thus, basing 

Table 2. Factorial approaches used by IOM 2001 and EFSA 2015 to estimate average requirements and recommended intakes of vitamin A

IOM 2001 EFSA 2015

A) Target liver concentration (µg retinol/g) 20 20

B) Body/liver retinol stores 1.1 1.25

C) Liver/body weight ratio 0.030 0.024

D) Fractional catabolic rate (%) 0.005 0.007

E) 1/Efficiency of body storage (%) 2.5 2

F) Reference body weight (kg) Males: 76 Males: 68.1

Females: 61 Females: 58.5

G) Constant 103 103

Calculated average requirement (rounded to nearest 5 (IOM) or 10 (EFSA)) Males: 625 RE/d Males: 570 RE/d

Females: 500 RE/d Females: 490 RE/d

CV (%) 0.20 0.15

RDA (IOM) and PRI (EFSA) (rounded to nearest 100 and 50, respectively) Males: 900 RE/d Males: 750 RE/d

Females: 700 RE/d Females: 650 RE/d

EFSA, European Food Safety Administration.
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vitamin A recommendations on a body weight derived 
from an ‘optimal’ BMI of  22 is not necessarily repre-
sentative for the Nordic and Baltic populations. For 
instance, about 25% of  men and 20% of  women in mid-
dle age are overweight or obese in Norway (60), which 
could be considered when giving recommendations.

Knowledge gaps
With exception of the cited data in the EFSA recom-
mendations, the data underlying estimation of vitamin A 
requirements are largely similar to the literature reviewed in 
NNR 2012. There is still substantial uncertainty in the vari-
ation of average requirements across populations, and the 
literature search did not indicate that new data have been 
published in this regard. One study from the US shows 
that intakes as low as 500 RE/d maintain adequate liver 
stores at 20 μg/g liver or 0.07 μmol/L in a study based on 
34 women (39). However, it should be noted that dietary 
vitamin A intake excluding supplement users did not cor-
relate with total body stores, and these challenges remain 
prevalent for the estimation of average requirements and 
recommended intakes of vitamin A. We note that dietary 
vitamin A intake may become excessive in some age groups 
among children in some Nordic and Baltic countries. Little 
data are available on excessive intakes among children and 
adolescents and health outcomes in the future, and no sys-
tematic reviews were available on this subject from the lit-
erature search. This could serve as a research priority for 
future evaluations of requirements and tolerable upper 
intake levels of  vitamin A.

With respect to fracture risk and osteoporosis, there is 
a substantial lack of consensus regarding the role vitamin 
A may have on the skeleton in humans. The discrepan-
cies between studies may be explained by several factors 
such as difficulties to analyze vitamin A status based 
upon serum analyses of retinol and retinyl esters and the 
inherent uncertainty in dietary intake assessment as well 
as measurements of different endpoints (i.e. bone mineral 
density vs fracture) and at different skeletal sites. Studies 
are also heterogeneous in terms of numbers of subjects, 
sex, and age. Another potentially important issue is that 
there is often a substantial lag time between exposure 
assessment and analyses of bone mineral density and frac-
ture. There is clearly a need for studies in which the risk 
of hip fracture is studied in relation to vitamin A intake 
and serum levels in large cohorts with large numbers of 
fractures, making it possible to stratify results in relation 
to sex and age. Currently, it is difficult to know which lev-
els of vitamin A are beneficial or harmful for the skeleton.

References

 1. Blomhoff R, Blomhoff HK. Overview of retinoid metabolism and 
function. J Neurobiol 2006; 66(7): 606–30. doi: 10.1002/neu.20242

 2. EFSA The Panel on Dietetic Products Nutrition and  
Allergies. Scientific opinion on dietary reference values 
for vitamin A. EFSA J 2015; 13(3): 4028. doi: 10.2903/j.
efsa.2015.4028

 3. World Health Organization. Vitamin and mineral requirements 
in human nutrition. 2nd ed. Geneva: World Health Organization; 
2005.

 4. Trumbo P, Yates AA, Schlicker S, Poos M. Dietary reference 
intakes: vitamin A, vitamin K, arsenic, boron, chromium, cop-
per, iodine, iron, manganese, molybdenum, nickel, silicon, vana-
dium, and zinc. J Am Diet Assoc 2001; 101(3): 294–301. doi: 
10.1016/S0002-8223(01)00078-5

 5. Haskell MJ. The challenge to reach nutritional adequacy for 
vitamin A: beta-carotene bioavailability and conversion – evi-
dence in humans. Am J Clin Nutr 2012; 96(5): 1193S–203S. doi: 
10.3945/ajcn.112.034850

 6. Van Loo-Bouwman CA, Naber TH, Schaafsma G. A review of 
vitamin A equivalency of beta-carotene in various food matrices 
for human consumption. Br J Nutr 2014; 111(12): 2153–66. doi: 
10.1017/S0007114514000166

 7. Green MH, Ford JL, Green JB. A compartmental model 
describing the kinetics of beta-carotene and beta-carotene- 
derived  retinol in healthy older adults. J Nutr 2021; 151(2): 
434–44. doi: 10.1093/jn/nxaa306

 8. Blomhoff R, Andersen R, Arnesen EK, Christensen JJ, Eneroth 
H, Erkkola M, et al. Nordic nutrition recommendations 2023. 
Copenhagen: Nordic Council of Ministers; 2023.

 9. Christensen JJ, Arnesen EK, Andersen R, Eneroth H, Erkkola 
M, Hoyer A, et al. The Nordic nutrition recommendations 2022 – 
principles and methodologies. Food Nutr Res 2020; 64: 4402. doi: 
10.29219/fnr.v64.4402

 10. Arnesen EK, Christensen JJ, Andersen R, Eneroth H, Erkkola 
M, Hoyer A, et al. The Nordic nutrition recommendations 2022 – 
handbook for qualified systematic reviews. Food Nutr Res 2020; 
64: 4404. doi: 10.29219/fnr.v64.4404

 11. He J, Gu Y, Zhang S. Vitamin A and breast cancer survival: a 
systematic review and meta-analysis. Clin Breast Cancer 2018; 
18(6): e1389–400. doi: 10.1016/j.clbc.2018.07.025

 12. Leelakanok N, D’Cunha RR, Sutamtewagul G, Schweizer ML. 
A systematic review and meta-analysis of the association between 
vitamin A intake, serum vitamin A, and risk of liver cancer. Nutr 
Health 2018; 24(2): 121–31. doi: 10.1177/0260106018777170

 13. Zhang X, Dai B, Zhang B, Wang Z. Vitamin A and risk of 
cervical cancer: a meta-analysis. Gynecol Oncol 2012; 124(2): 
366–73. doi: 10.1016/j.ygyno.2011.10.012

 14. Wu AM, Huang CQ, Lin ZK, Tian NF, Ni WF, Wang XY, 
et al. The relationship between vitamin A and risk of fracture: 
meta-analysis of prospective studies. J Bone Miner Res 2014; 
29(9): 2032–9. doi: 10.1002/jbmr.2237

 15. Zhang X, Zhang R, Moore JB, Wang Y, Yan H, Wu Y, et al. The 
effect of vitamin A on fracture risk: a meta-analysis of cohort 
studies. Int J Environ Res Public Health 2017; 14(9): 1043. doi: 
10.3390/ijerph14091043

 16. Lewis CA, de Jersey S, Hopkins G, Hickman I, Osland E. Does 
bariatric surgery cause vitamin A, B1, C or E deficiency? A sys-
tematic review. Obes Surg 2018; 28(11): 3640–57. doi: 10.1007/
s11695-018-3392-8

 17. Li E, Tso P. Vitamin A uptake from foods. Curr Opin Lipidol 
2003; 14(3): 241–7. doi: 10.1097/00041433-200306000-00003

 18. Unlu NZ, Bohn T, Clinton SK, Schwartz SJ. Carotenoid absorp-
tion from salad and salsa by humans is enhanced by the addi-
tion of avocado or avocado oil. J Nutr 2005; 135(3): 431–6. doi: 
10.1093/jn/135.3.431

http://dx.doi.org/10.29219/fnr.v67.10229
https://doi.org/10.1002/neu.20242
https://doi.org/10.2903/j.efsa.2015.4028
https://doi.org/10.2903/j.efsa.2015.4028
https://doi.org/10.1016/S0002-8223(01)00078-5
https://doi.org/10.3945/ajcn.112.034850
https://doi.org/10.1017/S0007114514000166
https://doi.org/10.1093/jn/nxaa306
https://doi.org/10.29219/fnr.v64.4402
https://doi.org/10.29219/fnr.v64.4404
https://doi.org/10.1016/j.clbc.2018.07.025
https://doi.org/10.1177/0260106018777170
https://doi.org/10.1016/j.ygyno.2011.10.012
https://doi.org/10.1002/jbmr.2237
https://doi.org/10.3390/ijerph14091043
https://doi.org/10.1007/s11695-018-3392-8
https://doi.org/10.1007/s11695-018-3392-8
https://doi.org/10.1097/00041433-200306000-00003
https://doi.org/10.1093/jn/135.3.431


Citation: Food & Nutrition Research 2023, 67: 10229 - http://dx.doi.org/10.29219/fnr.v67.10229 11
(page number not for citation purpose)

Vitamin A – a scoping review

 19. Harrison EH. Mechanisms involved in the intestinal absorption of 
dietary vitamin A and provitamin A carotenoids. Biochim Biophys 
Acta 2012; 1821(1): 70–7. doi: 10.1016/j.bbalip.2011.06.002

 20. Blaner WS, Brun PJ, Calderon RM, Golczak M. Retinol-
binding protein 2 (RBP2): biology and pathobiology. 
Crit Rev Biochem Mol Biol 2020; 55(2): 197–218. doi: 
10.1080/10409238.2020.1768207

 21. Lobo GP, Amengual J, Baus D, Shivdasani RA, Taylor D, von 
Lintig J. Genetics and diet regulate vitamin A production via the 
homeobox transcription factor ISX. J Biol Chem 2013; 288(13): 
9017–27. doi: 10.1074/jbc.M112.444240

 22. Widjaja-Adhi MA, Lobo GP, Golczak M, Von Lintig J. A 
genetic dissection of intestinal fat-soluble vitamin and carot-
enoid absorption. Hum Mol Genet 2015; 24(11): 3206–19. doi: 
10.1093/hmg/ddv072

 23. O’Byrne SM, Blaner WS. Retinol and retinyl esters: biochem-
istry and physiology. J Lipid Res 2013; 54(7): 1731–43. doi: 
10.1194/jlr.R037648

 24. Shannon SR, Moise AR, Trainor PA. New insights and chang-
ing paradigms in the regulation of vitamin A metabolism in 
development. Wiley Interdiscip Rev Dev Biol 2017; 6(3): 264. 
doi: 10.1002/wdev.264

 25. di Masi A, Leboffe L, De Marinis E, Pagano F, Cicconi L, 
Rochette-Egly C, et al. Retinoic acid receptors: from molecu-
lar mechanisms to cancer therapy. Mol Aspects Med 2015; 41: 
1–115. doi: 10.1016/j.mam.2014.12.003

 26. Sirbu IO, Chis AR, Moise AR. Role of carotenoids and ret-
inoids during heart development. Biochim Biophys Acta 
Mol Cell Biol Lipids 2020; 1865(11): 158636. doi: 10.1016/j.
bbalip.2020.158636

 27. Schug TT, Berry DC, Shaw NS, Travis SN, Noy N. Opposing 
effects of retinoic acid on cell growth result from alternate acti-
vation of two different nuclear receptors. Cell 2007; 129(4): 
723–33. doi: 10.1016/j.cell.2007.02.050

 28. Giguere V, Evans RM. Chronicle of a discovery: the reti-
noic acid receptor. J Mol Endocrinol 2022; 69(4): T1–11. doi: 
10.1530/JME-22-0117

 29. Petkovich M, Chambon P. Retinoic acid receptors at 35 years. J 
Mol Endocrinol 2022; 69(4): T13–24. doi: 10.1530/JME-22-0097

 30. Al Tanoury Z, Piskunov A, Rochette-Egly C. Vitamin A and 
retinoid signaling: genomic and nongenomic effects. J Lipid Res 
2013; 54(7): 1761–75. doi: 10.1194/jlr.R030833

 31. Sharma S, Shen T, Chitranshi N, Gupta V, Basavarajappa D, Sarkar 
S, et al. Retinoid X Receptor: cellular and biochemical roles of 
nuclear receptor with a focus on neuropathological involvement. Mol 
Neurobiol 2022; 59(4): 2027–50. doi: 10.1007/s12035-021-02709-y

 32. Tanumihardjo SA, Russell RM, Stephensen CB, Gannon 
BM, Craft NE, Haskell MJ, et al. Biomarkers of nutrition for 
development (BOND)-vitamin A review. J Nutr. 2016; 146(9): 
1816s–48s. doi: 10.3945/jn.115.229708

 33. Tanumihardjo SA. Vitamin A: biomarkers of nutrition for devel-
opment. Am J Clin Nutr 2011; 94(2): 658S–65S. doi: 10.3945/
ajcn.110.005777

 34. de Pee S, Dary O. Biochemical indicators of vitamin A defi-
ciency: serum retinol and serum retinol binding protein. J Nutr 
2002; 132(9 Suppl): 2895S–901S. doi: 10.1093/jn/132.9.2895S

 35. Olson JA. Serum levels of vitamin A and carotenoids as 
reflectors of nutritional status. J Natl Cancer Inst 1984; 73(6): 
1439–44.

 36. Stephensen CB, Gildengorin G. Serum retinol, the acute phase 
response, and the apparent misclassification of vitamin A status 
in the third National Health and Nutrition Examination Survey. 
Am J Clin Nutr 2000; 72(5): 1170–8. doi: 10.1093/ajcn/72.5.1170

 37. Olsen T, Blomhoff  R. Retinol, retinoic acid, and retinol-bind-
ing protein 4 are differentially associated with cardiovascular 
disease, type 2 diabetes, and obesity: an overview of  human 
studies. Adv Nutr 2020; 11(3): 644–66. doi: 10.1093/advances/
nmz131

 38. Blaner WS. Vitamin A signaling and homeostasis in obesity, 
diabetes, and metabolic disorders. Pharmacol Ther 2019; 197: 
153–78. doi: 10.1016/j.pharmthera.2019.01.006

 39. Valentine AR, Davis CR, Tanumihardjo SA. Vitamin A isotope 
dilution predicts liver stores in line with long-term vitamin A 
intake above the current recommended dietary allowance for 
young adult women. Am J Clin Nutr 2013; 98(5): 1192–9. doi: 
10.3945/ajcn.113.063867

 40. Lemming EW, Pitsi T. The Nordic nutrition recommendations 
2022 – food consumption and nutrient intake in the adult popu-
lation of the Nordic and Baltic countries. Food Nutr Res 2022; 
66: 8572. doi: 10.29219/fnr.v66.8572

 41. DTU Fødevareinstituttet. Danskernes kostvaner 2011–13 
(dietary habits in Denmark). Söborg: DTU Fødevareinstituttet; 
2015.

 42. Valsta L, Kaartinen N, Tapanainen H, Männistö S, Sääksjärvi K. 
Ravitsemus Suomessa – FinRavinto 2017 -tutkimus (Nutrition in 
Finland- The National FinDiet 2017 survey). National Institute 
for Health and Welfare; 2018.

 43. Torgeirsdóttir H, Valgeirsdóttir H, Gunnarsdóttir I, Gísladóttir 
E, Gunnarsdóttir B, Tórsdóttir I, et al. Hvað borða Íslendingar? 
Könnun á mataræði Íslendinga 2010–2011 (The Diet of 
Icelanders, Dietary Survey 2010–2011. Main findings). Reykjavík: 
Directorate of Health; 2011.

 44. Brooke Hansen L, Borch Myhre J, Frost Andersen L. Ungkost 3: 
Landsomfattende kostholdsundersøkelse blant 4-åringer i Norge 
(Ungkost 3: Country-wide dietary survey among 4-year-olds in 
Norway), 2016. Oslo: Folkehelseinstituttet; 2017.

 45. Lemming EW, Moraeus L, Sipinen JP, Lindroos AK. Riksmaten 
ungdom 2016–17, Uppsala: Livsmedelverket; 2018.

 46. Nurk E, Nelis K, Saamel M, Martverk M, Nelis L. National 
dietary survey among 11–74 years old individuals in Estonia. 
EFSA Support Publ 2017; 14: 1–22. doi: 10.2903/sp.efsa.2017.
en-1198

 47. Barzda A, Bartkevičiūtė R, Baltušytė I, Stukas R, Bartkevičiūtė 
S. Suagusiųjų ir pagyvenusių Lietuvos gyventojų faktinės mity-
bos ir mitybos įpročių tyrimas (Actual nutrition and nutrition 
habits of adults and elderly of Lithuania). Visuomenės Sveikata 
2016; 1: 85–94.

 48. WHO. Serum retinol concentrations for determining the prev-
alence of vitamin A deficiency in populations Geneva: World 
Health Organization (WHO/NMH/NHD/MNM/11.3); 2011.

 49. Tanumihardjo SA, Muherdiyantiningsih, Permaesih D, Dahro 
AM, Muhilal, Karyadi D, et al. Assessment of the vitamin A 
status in lactating and nonlactating, nonpregnant Indonesian 
women by use of the modified-relative-dose-response (MRDR) 
test. Am J Clin Nutr 1994; 60(1): 142–7. doi: 10.1093/
ajcn/60.1.142

 50. Bird JK, Murphy RA, Ciappio ED, McBurney MI. Risk of 
deficiency in multiple concurrent micronutrients in children 
and adults in the United States. Nutrients 2017; 9(7): 655. doi: 
10.3390/nu9070655

 51. Conaway HH, Henning P, Lerner UH. Vitamin a metabolism, 
action, and role in skeletal homeostasis. Endocr Rev 2013; 34(6): 
766–97. doi: 10.1210/er.2012-1071

 52. Henning P, Conaway HH, Lerner UH. Retinoid receptors in 
bone and their role in bone remodeling. Front Endocrinol 
(Lausanne) 2015; 6: 31. doi: 10.3389/fendo.2015.00031

http://dx.doi.org/10.29219/fnr.v67.10229
https://doi.org/10.1016/j.bbalip.2011.06.002
https://doi.org/10.1080/10409238.2020.1768207
https://doi.org/10.1074/jbc.M112.444240
https://doi.org/10.1093/hmg/ddv072
https://doi.org/10.1194/jlr.R037648
https://doi.org/10.1002/wdev.264
https://doi.org/10.1016/j.mam.2014.12.003
https://doi.org/10.1016/j.bbalip.2020.158636
https://doi.org/10.1016/j.bbalip.2020.158636
https://doi.org/10.1016/j.cell.2007.02.050
https://doi.org/10.1530/JME-22-0117
https://doi.org/10.1530/JME-22-0097
https://doi.org/10.1194/jlr.R030833
https://doi.org/10.1007/s12035-021-02709-y
https://doi.org/10.3945/jn.115.229708
https://doi.org/10.3945/ajcn.110.005777
https://doi.org/10.3945/ajcn.110.005777
https://doi.org/10.1093/jn/132.9.2895S
https://doi.org/10.1093/ajcn/72.5.1170
https://doi.org/10.1093/advances/nmz131
https://doi.org/10.1093/advances/nmz131
https://doi.org/10.1016/j.pharmthera.2019.01.006
https://doi.org/10.3945/ajcn.113.063867
https://doi.org/10.29219/fnr.v66.8572
https://doi.org/10.2903/sp.efsa.2017.en-1198
https://doi.org/10.2903/sp.efsa.2017.en-1198
https://doi.org/10.1093/ajcn/60.1.142
https://doi.org/10.1093/ajcn/60.1.142
https://doi.org/10.3390/nu9070655
https://doi.org/10.1210/er.2012-1071
https://doi.org/10.3389/fendo.2015.00031


Citation: Food & Nutrition Research 2023, 67: 10229 - http://dx.doi.org/10.29219/fnr.v67.1022912
(page number not for citation purpose)

Thomas Olsen and Ulf H. Lerner

 53. Lionikaite V, Gustafsson KL, Westerlund A, Windahl SH, 
Koskela A, Tuukkanen J, et al. Clinically relevant doses of vita-
min A decrease cortical bone mass in mice. J Endocrinol 2018; 
239(3): 389–402. doi: 10.1530/JOE-18-0316

 54. Johansson S, Lind PM, Hakansson H, Oxlund H, Orberg J, 
Melhus H. Subclinical hypervitaminosis A causes fragile bones in 
rats. Bone 2002; 31(6): 685–9. doi: 10.1016/s8756-3282(02)00910-9

 55. Melhus H, Michaelsson K, Kindmark A, Bergstrom R, 
Holmberg L, Mallmin H, et al. Excessive dietary intake of 
vitamin A is associated with reduced bone mineral density and 
increased risk for hip fracture. Ann Intern Med 1998; 129(10): 
770–8. doi: 10.7326/0003-4819-129-10-199811150-00003

 56. Promislow JH, Goodman-Gruen D, Slymen DJ, Barrett-Connor 
E. Retinol intake and bone mineral density in the elderly: 
the Rancho Bernardo Study. J Bone Miner Res 2002; 17(8):  
1349–58. doi: 10.1359/jbmr.2002.17.8.1349

 57. Feskanich D, Singh V, Willett WC, Colditz GA. Vitamin A 
intake and hip fractures among postmenopausal women. JAMA 
2002; 287(1): 47–54. doi: 10.1001/jama.287.1.47

 58. Michaelsson K, Lithell H, Vessby B, Melhus H. Serum reti-
nol levels and the risk of fracture. N Engl J Med 2003; 348(4): 
287–94. doi: 10.1056/NEJMoa021171

 59. Yee MMF, Chin KY, Ima-Nirwana S, Wong SK. Vitamin A 
and bone health: a review on current evidence. Molecules 2021; 
26(6): 1757. doi: 10.3390/molecules26061757

 60. Overweight and obesity in Norway – NIPH. Available from: 
https://www.fhi.no/en/op/hin/health-disease/overweight 
-and-obesity-in-norway---/ [cited 10 March 2021].

*Thomas Olsen
Department of Nutrition
Institute of Basic Medical Sciences
University of Oslo
Oslo, Norway
Email: thomas.olsen@medisin.uio.no

http://dx.doi.org/10.29219/fnr.v67.10229
https://doi.org/10.1530/JOE-18-0316
https://doi.org/10.1016/s8756-3282(02)00910-9
https://doi.org/10.7326/0003-4819-129-10-199811150-00003
https://doi.org/10.1359/jbmr.2002.17.8.1349
https://doi.org/10.1001/jama.287.1.47
https://doi.org/10.1056/NEJMoa021171
https://doi.org/10.3390/molecules26061757
https://www.fhi.no/en/op/hin/health-disease/overweight-and-obesity-in-norway---/
https://www.fhi.no/en/op/hin/health-disease/overweight-and-obesity-in-norway---/
mailto:thomas.olsen@medisin.uio.no

