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			Secretary General’s Preface

			There has been an increasing interest in food and nutritional science in recent years. Food programmes are a staple of most television channels and cookbooks top the bestseller lists. At the same time, it can be a bit of a challenge to find your way through the jungle of advice on what we should eat facing the average consumer.

			That is why we need a work like the Nordic Nutrition Recommendations, one of the most well-researched and thoroughly documented works within nutritional science worldwide. They give a scientific basis for formulating dietary guidelines and are an excellent example of what the Nordic countries can achieve when they work together.

			The Nordic Council of Ministers funds the extensive scientific effort behind the Nordic Nutrition Recommendations. We do this as a means to inform the public debate on food-related matters. But maybe more importantly, the NNR also serve as the main reference point for the various national nutrition recommendations in the Nordic countries.

			The Nordic Nutrition Recommendations are also the foundation for the criteria developed for the Nordic nutritional label the Keyhole, informing the shopping decisions of millions of consumers in the Nordic region on a daily basis.

			Finally, the NNR form part of the overall Nordic action plan A better Life through Diet and Physical Activity. In its aim to ensure the best-possible health for the population at large, this can be seen as an expression of the Nordic model, with its focus on an inclusive and holistic approach to society and the welfare of its citizens.

			This is the fifth edition of the Nordic Nutrition Recommendations. As such, this publication is one of many examples of a long and fruitful Nordic co-operation over the last decades.

			As a new step, we have decided to publish a free PDF version of the NNR along with a series of e-publications of individual chapters. The NNR will also for the first time ever be published as an e-book and they have thus entered the digital era.

			I would like to thank the hundreds of scientists, experts and officials involved in compiling the Nordic Nutrition Recommendations and hope that the quality of the work itself, as well as the many new forms of publication, will help ensure the widespread use that the NNR deserve.
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			Dagfinn Høybråten

			Secretary General, Nordic Council of Ministers

			Preface

			The 5th edition of the Nordic Nutrition Recommendations, NNR 2012, has been produced by a working group nominated by the Working Group on Food, Diet and Toxicology (NKMT) under the auspices of the Nordic Committee of Senior Officials for Food Issues (ÄK-FJLS Livsmedel). The NNR 2012 working group was established in 2009 and consisted of Inge Tetens and Agnes N. Pedersen of Denmark; Ursula Schwab and Mikael Fogelholm of Finland; Inga Thorsdottir and Ingibjorg Gunnarsdottir of Iceland; Sigmund A. Anderssen and Helle Margrete Möltzer of Norway; and Wulf Becker (Chair), Ulla-Kaisa Koivisto Hursti (Scientific secretary), and Elisabet Wirfält of Sweden.

			More than 100 scientific experts have been involved in this revision. Existing scientific evidence has been reviewed for setting dietary reference values (DRVs) that will ensure optimal nutrition and help prevent lifestyle-related diseases such as cardiovascular diseases, osteoporosis, certain types of cancer, type-2 diabetes, and obesity as well as the related risk factors for these diseases. The experts have assessed the associations between dietary patterns, foods, and nutrients and specific health outcomes. The work has mainly focused on revising areas in which new scientific knowledge has emerged.

			Systematic reviews (SR) were conducted by the experts, with assistance from librarians, for the nutrients and topics for which new data of specific importance for setting the recommendations has been made available since the 4th edition. Less stringent updates of the reference values were conducted for the other nutrients and topics.

			Peer reviewers for each nutrient and topic have also been engaged in the process of reading and commenting on the SRs and the updates conducted by the expert groups. A reference group consisting of senior experts representing various fields of nutrition science both within and outside the Nordic countries has also been engaged in the project. A steering group with representatives from national authorities in each country has been responsible for the overall management of the project.

			All chapters were subject to public consultations from October 2012 to September 2013. The responses and actions to the comments by the NNR working group are published separately.

			The SRs and the updates form the basis for deriving the DRVs. In the process of deriving the NNR 2012, emphasis has been put on the whole diet and the current dietary practices in the Nordic countries. This evaluation was performed by the NNR 2012 working group and was not part of the SRs conducted by the expert groups. The SRs were used as major and independent components – but not the only components – for the decision-making processes of the working group that was responsible for deriving the NNR 2012.

			The SRs are published in the Food & Nutrition Research journal and the other background papers can be found on the Nordic Council of Ministers (NCM) website.

			The 5th edition, the Nordic Nutrition Recommendations 2012, is published by the NCM and is also available in electronic form.

			The following experts and peer reviewers have been engaged in performing SRs and chapter updates.

			Systematic reviews

			Calcium experts: Christel Lamberg-Allardt, Kirsti Uusi-Rasi and Merja Kärkkäinen, Finland.

			Peer reviewers: Christian Mølgaard, Denmark and Karl Michaëlsson, Sweden.

			Carbohydrates – including sugars and fibre experts: Emily Sonestedt, Sweden, Nina C Överby, Norway, Bryndis E Birgisdottir, Iceland, David Laaksonen, Finland.

			Peer reviewers: Inger Björck, Sweden, Inge Tetens, Denmark.

			Elderly experts: Agnes N Pedersen, Denmark, Tommy Cederholm, Sweden, Alfons Ramel, Iceland.

			Peer reviewers: Gunnar Akner, Sweden, Merja Suominen, Finland, Anne Marie Beck, Denmark.

			Fat and fatty acids experts: Ursula Schwab and Matti Uusitupa, Finland, Thorhallur Ingi Halldorsson, Iceland, Tine Tholstrup and Lotte Lauritzen, Denmark, Wulf Becker and Ulf Risérus, Sweden.

			Peer reviewers: Jan I Pedersen, Norway, Ingibjörg Hardardottir, Iceland, Antti Aro, Finland, Jorn Dyerberg, Denmark, Göran Berglund, Sweden.

			Folate experts: Cornelia Witthöft, Sweden, Georg Alfthan, Finland, Agneta Yngve, Norway.

			Peer reviewers: Margaretha Jägerstad and Jörn Schneede, Sweden.

			Food based dietary guidelines experts: Lene Frost Andersen, Norway, Asa Gudrun Kristjansdottir, Iceland, Ellen Trolle, Denmark, Eva Roos and, Eeva Voutilainen, Finland, Agneta Åkesson, Sweden, Elisabet Wirfält, Sweden.

			Peer reviewers: Inge Tetens, Denmark, Liisa Valsta, Finland, Anna Winkvist, Sweden.

			Infants and children experts: Agneta Hörnell, Sweden, Hanna Lagström, Finland, Britt Lande, Norway, Inga Thorsdottir, Iceland.

			Peer reviewers: Harri Niinikoski, Finland, Kim Fleischer Michaelsen, Denmark.

			Iodine experts: Ingibjörg Gunnarsdottir, Iceland, Lisbeth Dahl, Norway.

			Peer reviewers: Helle Margrete Meltzer, Norway, Peter Lauerberg, Denmark.

			Iron experts: Magnus Domellöf, Sweden, Ketil Thorstensen, Norway, Inga Thorsdottir, Iceland.

			Peer reviewers: Olle Hernell, Sweden, Lena Hulthén, Sweden, Nils Milman Denmark.

			Overweight and obesity experts: Mikael Fogelholm and Marjaana Lahti-Koski, Finland, Sigmund A Anderssen, Norway, Ingibjörg Gunnarsdottir, Iceland.

			Peer reviewers: Matti Uusitupa, Finland, Mette Svendsen, Norway, Ingrid Larsson, Sweden.

			Pregnancy and lactation experts: Inga Thorsdottir and Anna Sigridur Olafsdottir, Iceland, Anne Lise Brantsaeter, Norway, Elisabet Forsum, Sweden, Sjurdur F Olsen, Denmark.

			Peer reviewers: Bryndis E Birgisdottir, Iceland, Maijaliisa Erkkola, Finland, Ulla Hoppu, Finland.

			Protein experts: Agnes N Pedersen, Denmark, Jens Kondrup, Denmark, Elisabet Börsheim, Norway.

			Peer reviewers: Leif Hambraeus and Ingvar Bosaeus, Sweden.

			Vitamin D experts: Christel Lamberg-Allardt, Finland, Magritt Brustad, Norway, Haakon E Meyer, Norway, Laufey Steingrimsdottir, Iceland.

			Peer reviewers: Rikke Andersen, Denmark, Mairead Kiely, Ireland, Karl Michaëlsson, Sweden, Gunnar Sigurdsson, Iceland.

			Overviews

			Alcohol experts: Anne Tjønneland and Janne Schurmann Tolstrup, Denmark.

			Peer reviewers: Morten Grønbæk, Denmark and Satu Männistö Finland.

			Fluid and water balance expert: Per Ole Iversen, Norway.

			Vitamin B6, Vitamin B12: Chapters revised by the NNR5 working group.

			Thiamin, Riboflavin, Niacin, Biotin, Pantothenic acid: Hilary Powers, United Kingdom. Evaluation of need for revision. Revised by the NNR5 working group.

			Vitamin K expert: Arja T Erkkilä, Finland. Peer reviewer: Sarah L. Booth, USA.

			Dietary Antioxidants expert: Samar Basu, France. Peer reviewer: Lars Ove Dragsted, Denmark.

			Vitamin A: Håkan Melhus, Sweden. Evaluation of need for revision. Chapter revised by the NNR5 working group.

			Vitamin E expert: Ritva Järvinen, Finland. Peer reviewer: Vieno Piironen, Finland.

			Vitamin C expert: Mikael Fogelholm, Finland. Peer reviewer: Harri Hemilä, Finland.

			Phosphorus expert: Christel Lamberg-Allardt, Finland. Peer reviewer: Susan Fairweather-Tait, United Kingdom.

			Magnesium, Zink, Manganese experts: Ingibjörg Gunnarsdottir, Iceland, Helle Margrete Meltzer, Norway. Peer reviewer Lena Davidsson State of Kuwait.

			Chromium, Molybdenum experts: Ingibjorg Gunnarsdottir, Iceland, Helle Margrete Meltzer, Norway.

			Copper expert: Susanne Gjedsted Bügel, Denmark Peer reviewer: Lena Davidsson, State of Kuwait.

			Sodium as salt and Potassium expert: Antti Jula, Finland. Peer reviewer: Lone Banke Rasmussen, Denmark.

			Selenium experts: Antti Aro, Finland, Jan Olav Aaseth and Helle Margrete Meltzer Norway. Peer reviewer: Susanne Gjedsted Bügel, Denmark.

			Fluoride expert: Jan Ekstrand, Sweden. Peer reviewer Pia Gabre, Sweden.

			Physical activity experts Lars Bo Andersen, Danmark, Sigmund A Anderssen and Ulrik Wisløff, Norway, Mai-Lis Hellénius, Sweden.

			Peer reviewers Mikael Fogelholm, Finland, Ulf Ekelund, Norway.

			Energy experts: Mikael Fogelholm and Matti Uusitupa, Finland.

			Peer reviewers: Ulf Holmbäck and Elisabet Forsum, Sweden.

			Population groups in dietary transition expert: Per Wändell, Sweden. Peer reviewer: Afsaneh Koochek, Sweden.

			Use of NNR experts: Inge Tetens, Denmark, Agneta Andersson, Sweden.

			Sustainable food consumption expert: Monika Pearson, Sweden.

			Librarians

			The librarians have been responsible for literature searches in connection with the SRs, other database searches, and article handling.

			Mikaela Bachmann, Sweden

			Jannes Engqvist, Sweden

			Birgitta Järvinen, Finland

			Sveinn Ólafsson, Iceland

			Hege Sletsjøe, Norway

			Steering group

			Else Molander, chair, Denmark

			Suvi Virtanen, Finland

			Holmfridur Thorgeirsdottir, Iceland

			Anne Kathrine O. Aarum, Norway

			Irene Mattisson, Sweden

			Reference group

			Lars Johansson, Norway

			Mairead Kiely, Ireland

			Dan Kromhout, The Netherlands

			Marja Mutanen, Finland

			Hannu Mykkänen, Finland

			Berndt Lindahl, Sweden

			Susan Fairweather-Tait, United Kingdom

			Lars Ovesen, Denmark

			Dag Thelle, Norway

			Introduction

			For several decades, the Nordic countries have collaborated in setting guidelines for dietary composition and recommended intakes of nutrients. Similarities in dietary habits and in the prevalence of diet-related diseases, such as cardiovascular diseases, osteoporosis, obesity and diabetes, has warranted a focus on the overall composition of the diet, i.e. the intake of fat, carbohydrate, and protein as contributors to the total energy intake. In 1968, medical societies in Denmark, Finland, Norway, and Sweden published a joint official statement on “Medical aspects of the diet in the Nordic countries” (Medicinska synpunkter på folkkosten i de nordiska länderna). The statement dealt with the development of dietary habits and the consequences of an unbalanced diet for the development of chronic diseases. Recommendations were given both for the proportion of fat in the diet and the fat quality, i.e. a reduced intake of total fat and saturated fatty acids and an increase in unsaturated fatty acids.

			The Nordic Nutrition Recommendations (NNR) are an important basis for the development of food, nutrition, and health policies; for formulation of food-based dietary guidelines; and for diet and health-related activities and programmes. Previous editions mainly focused on setting dietary reference values (DRVs) for the intake of, and balance between, individual nutrients for use in planning diets for various population groups. The current 5th edition puts the whole diet in focus and more emphasis is placed on the role that dietary patterns and food groups play in the prevention of diet-related chronic diseases.

			The NNR are intended for the general population and not for groups or individuals with diseases or other conditions that affect their nutrient requirements. The recommendations generally cover temporarily increased requirements, for example, during short-term mild infections or certain medical treatments. The recommended amounts are usually not suited for long-term infections, malabsorption, or various metabolic disturbances or for the treatment of persons with a non-optimal nutritional status. They are meant to be used for prevention purposes and are not specifically meant for treatment of diseases or significant weight reduction. The NNR do, however, cover dietary approaches for sustainable weight maintenance after significant and intentional weight reduction. For specific groups of individuals with diseases and for other groups with special needs or diets, dietary composition might have to be adjusted accordingly.

			After a thorough revision in which experts have reviewed a vast amount of scientific publications, most of the recommendations from the 4th edition (2004) remain unchanged. However, the RIs for vitamin D in children older than 2, adults, and the elderly ≥75 years of age and for selenium in adults have been increased. An emphasis has been put on the quality of fat and carbohydrates and their dietary sources. The recommendation for protein has been increased for the elderly ≥65 years of age. No recommended intakes have been set for biotin, pantothenic acid, chromium, fluoride, manganese, or molybdenum due to insufficient data, and this represents no change from the 4th edition.

			The primary aim of the NNR 2012 is to present the scientific background of the recommendations and their application. A secondary aim is for the NNR 2012 to function as a basis for the national recommendations that are adopted by the individual Nordic countries.

			The NNR 2012 are to be used as guidelines for the nutritional composition of a diet that provides a basis for good health. The basis for setting recommendations is defined for each individual nutrient using the available scientific evidence. In many cases, the values for infants and children are derived from adult data using either body weight or energy requirement as a basis for the estimations. As new scientific knowledge emerges with time, the NNR have to be reassessed when appropriate and should, therefore, not be regarded as definitive.

			The NNR are based on the current nutritional conditions in the Nordic countries and are to be used as a basis for planning a diet that:

			
					satisfies the nutritional needs, i.e. covers the physiological requirements for normal metabolic functions and growth, and

					supports overall good health and contributes to a reduced risk of diet-associated diseases.

			

			The NNR are valid for the average intake over a longer period of time of at least a week because the dietary composition varies from meal to meal and from day to day. The recommended intakes refer to the amounts of nutrients ingested, and losses during food preparation, cooking, etc. have to be taken into account when the values are used for planning diets.

			The NNR can be used for a variety of purposes:

			
					as guidelines for dietary planning

					as a tool for assessment of dietary intake

					as a basis for food and nutrition policies

					as a basis for nutrition information and education

					as guiding values when developing food products
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Introduction
Vitamin A refers to any compound possessing the biological activity of retinol (1). The term ‘retinoids’ includes both the naturally occurring forms of vitamin A as well as the many synthetic analogues of retinol with or without biological activity (2).
All-trans retinol, the parent retinoid compound, is a primary alcohol. In most animal tissues, the predominant retinoid is retinyl palmitate but other fatty acid esters, such as retinyl oleate and retinyl stearate, are also found. Most of these compounds also occur in the all-trans configuration. Furthermore, the 11-cis aldehyde form, 11-cis retinal, is present in the retina of the eye, and several acid forms such as all-trans retinoic acid, 13-cis retinoic acid, and 9-cis retinoic acid can be present in many tissues (3, 4).
Vitamin A exists in the plant world only in the form of precursor compounds such as β-carotene. β-carotene is one of 50 to 60 members of a large class of naturally occurring compounds called carotenoids that have vitamin A activity. In all cases, a requirement for vitamin A activity is that at least one intact molecule of retinol or retinoic acid can be obtained from the carotenoid.
Recommendations on vitamin A include both vitamin A activity as retinol and some provitamin A carotenoids. The term ‘retinol equivalents’ (RE) is used to convert all sources of preformed retinol and provitamin A carotenoids in the diet into a single unit. The conversion factors for the relevant carotenoids are based on human studies that showed that the absorption of a single dose of 45 mg to 39 mg β-carotene ranges from 9% to 22% (5). In addition, a number of factors such as protein-energy malnutrition, zinc deficiency, dietary fat, alcohol consumption, infections, and the degree of food processing and food matrix can affect the bioavailability and bioconversion of retinol and carotenoids (3–5). Based on these and similar studies, the US Institute of Medicine, IoM (5) introduced the concept ‘retinol activity equivalents’ (RAE). 1 RAE is equal to:

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

					2 µg of supplemental β-carotene

					12 µg of dietary β-carotene

					24 µg of other dietary provitamin A carotenoids (e.g. α-carotene and β-cryptoxanthin)

			
The same factors are used in the NNR, but the term ‘retinol equivalents’ (RE) is maintained.
Dietary sources and intake
Vitamin A is present in the diet either as preformed vitamin A (i.e. retinol and its fatty acyl esters) in animal sources such as milk, eggs, butter, and fish liver oils or as provitamin A carotenoids in dark-green leafy vegetables and in red or orange-coloured fruits and vegetables such as carrots. In addition, preformed vitamin A is also contained in a number of mono- and multivitamin supplements (6).
The mean intake of vitamin A in the Nordic countries varies from 960 to 1,240 RE/10 MJ. The corresponding range for preformed retinol is 740 to 1,100 µg/10 MJ. Icelanders used to have the highest intake followed by Norwegians. However, retinol intake in Iceland has decreased 31% between 2002 and 2010/2011 mainly as a result of changes in the vitamin A content of cod liver oil. Still, 4.6% of Icelanders exceed the upper limit of 3,000 mg/d of vitamin A when using the MSM method of estimating the distribution of intake (7). The main sources of retinol are liver and liver products, edible fat, milk, and dairy products including retinol-fortified margarine, spreads, and milk. The main sources of vitamin A-active carotenoids are vegetables and some fruits.
Physiology and metabolism
Vitamin A is essential for the life of all vertebrates. The vitamin has numerous important functions including a role in vision, maintenance of epithelial surfaces, immune competence, growth, development, and reproduction (3, 4, 8). When intake of vitamin A is inadequate to meet the body’s needs, clinical vitamin A deficiency develops and is characterised by several ocular features (xerophthalmia) and a generalised impaired resistance to infection. A series of epidemiological and intervention studies in children living under poor socioeconomic conditions have documented a relationship between poor vitamin A supply and increased rates and severity of infections as well as mortality related to infectious diseases such as measles (9). Vitamin A deficiency is a public health problem in over 120 countries (10). The problem is probably uncommon in developed countries but might be under-diagnosed because there is a lack of simple screening tests to measure sub-clinical deficiency. Vitamin A might, however, be a double-edged sword because it has been suggested that intake even marginally above the recommended dietary intake is associated with embryonic malformations (8, 11), reduced bone mineral density, and increased risk for hip fracture (12).
The major dietary sources of vitamin A are provitamin A carotenoids from vegetables and preformed retinyl esters from animal tissues (3, 4, 13, 14). Carotenoids such as α- and β-carotene and β-cryptoxanthin are absorbed by passive diffusion, and the absorption of carotenoids can vary considerably depending on factors such as food matrix, preparation method, and processing (15). After entry into the enterocytes, provitamin A carotenoids are cleaved to yield either one or two molecules of retinol. Absorption of retinyl esters includes enzymatic conversion to retinol in the intestinal lumen prior to entry into enterocytes. Retinol is then esterified to long-chain fatty acids before incorporation into chylomicrons. In general, 70% to 90% of ingested preformed vitamin A (e.g. retinol) is absorbed.
Most of the chylomicron retinyl esters are transported to the liver. In vitamin A sufficient states, most of the retinyl esters taken up by hepatocytes are transferred to perisinusoidal stellate cells in the liver for storage. Normally, 50% to 80% of the body’s total retinol is stored in the hepatic stellate cells as retinyl esters, and the normal reserve of stellate cell retinyl esters is adequate to last for several months (16).
Retinol bound to retinol-binding protein is released from the liver and circulates in the plasma to ensure an ample supply of retinol to target cells. Inside target cells, retinol is oxidized to retinal and retinoic acid, which are the active retinol metabolites. These metabolites are usually synthesised in target cells by a complex metabolic system involving numerous enzymes and binding proteins (3, 4, 13, 14). Retinal functions as a chromophore in the visual process and retinoic acid activates specific nuclear retinoic acid receptors and thereby modulates gene transcription (4).
Requirement and recommended intake
Earlier recommendations have mainly been based on studies aimed at eliminating symptoms of vitamin A deficiency. In the Sheffield study (17), symptoms of vitamin A deficiency (reduced plasma retinol, reduced dark adaptation, dryness of the skin, and eye discomfort) developed in several of 16 healthy men following intake of a diet essentially free of vitamin A for 8 months. Of the 16 subjects studied, only 3 had changes in dark adaptation of sufficient magnitude to serve as a criterion to investigate the curative ability of varying amounts of retinol and β-carotene. Addition of 390 μg retinol per day to one of the individuals with vitamin A deficiency eventually improved dark adaptation and also somewhat improved the plasma retinol levels. Supplementation with 780 μg retinol per day for 45 days had little further effect on the subject’s plasma retinol level. However, supplementation with 7,200 μg retinol per day increased his plasma retinol above his initial level of 1.2 mmol/L. Furthermore, it was demonstrated in the other vitamin A-deficient individuals that daily intake of 1,500 μg β-carotene in oil, but not 768 μg β-carotene in oil, improved dark adaptation and plasma retinol levels. Hume and Krebs (17) concluded that a daily retinol intake of 390 μg represents the minimum protective dose, but this figure should be raised to 470 μg to correct for an error in the conversion factor used in the analytical measurements (18).
Similar observations were obtained in the Iowa study (19) in which vitamin A deficiency developed in 8 healthy men after several months on a vitamin A-deficient diet. Abnormal electroretinograms occurred at plasma retinol levels of 0.1–0.4 mmol/L, impaired dark adaptation was observed at plasma retinol levels of 0.1–0.9 mmol/L, and follicular hyperkeratosis was found at plasma levels of 0.3–1.3 mmol/L. Plasma levels below 1.1 mmol/L were associated with a mild degree of anaemia that responded to retinol supplementation. The Iowa study also found that daily intake of 300 μg retinol partially corrected the abnormal electroretinograms, but supplements of 600 μg/d were needed to prevent eye changes in adult men. Based on isotope-labelled retinol experiments it was calculated that the average rate of utilization of retinol during the state of vitamin A depletion was about 910 μg retinol per day. The study concluded that a daily retinol intake of 900 μg per day would maintain a plasma level of 1.1 mM in most adult men. For women, the requirement would be reduced in proportion to body weight.
The US Dietary Reference Intakes (5) for vitamin A were based on estimated requirements that assured adequate body stores of retinol and where no clinical signs of deficiency were observed, adequate plasma retinol levels were maintained, and there was protection against vitamin A deficiency for approximately 4 months on a vitamin A-deficient diet. The underlying evaluation assumed that the body turnover of retinol is 0.5%, the minimal liver reserve is 20 mg/g, the liver weight to body weight ratio is 1:33, the total body to liver vitamin A reserve ratio is 10:9, and that the efficiency of storage (i.e. retention of absorbed vitamin A in the liver) is 40%. Based on these assumptions (5), and using reference weights for US adults, the estimated average requirement (EAR) of preformed vitamin A required to assure an adequate body reserve in an adult male was 627 μg/d. The corresponding value for women was estimated to be 503 μg/d. Using a factor of 1.4 to account for variation in the population, the recommended daily allowance (RDA) was set to 900 μg/d for men and 700 μg/d for women above 19 years of age (5). These estimations are in general agreement with a large number of studies using functional criteria for vitamin A status, such as dark adaptation, papillary response test, conjunctival impression cytology, and markers of immune function (see (5) for a review of these studies).
In a more recent study (20), the estimated AR for vitamin A in adult males was studied using the deuterated retinol dilution technique in 16 men in Bangladesh. The results indicated that 254–400 μg/d was sufficient to assure an adequate body reserve (equivalent to 362–571 μg/d for a 70 kg man in the US), which is lower than the AR in the NNR 2004. Using the factor of 1.4 to cover the variation, this would result in a recommended intake of 500–800 μg/d. However, more studies of the variation in the AR are needed before a change in the current recommendations can be discussed.
Using the above factorial method for the Nordic reference subjects, the estimated AR for vitamin A would be very similar as for the US reference subjects, i.e. close to 600 µg/d and 500 µg/d for men and women, respectively. In NNR 2004, the recommended intakes (RI) for adults were based on these considerations and thereby set to 900 RE/d for men and 700 RE/d for women. There are limited scientific data to change the reference values from NNR 2004. Therefore, the RI of 900 RE/d for men and 700 RE/d for women are maintained. Also, the ARs of 600 RE/d for men and 500 RE/d for women and the lower intake levels (LI) of 500 RE/d for men and 400 RE/d for women are kept unchanged.
In infants, no functional criteria of vitamin A status have been published that reflect the response to dietary intake. Breast milk from well-nourished mothers in the Nordic countries usually contains sufficient amounts of vitamin A. For non-breastfed infants, the vitamin A content of formula is sufficient. Therefore, no specific recommended intake of vitamin A for infants aged 0–6 months is given. Any contribution by carotenoids was not considered because the bioconversion of carotenoids in infants is not known.
Direct studies on the requirement for vitamin A are not available to estimate an AR for infants, children, and adolescents aged 1–17 years. Thus, the RIs for children and adolescents are extrapolated from those for adults by using metabolic body weight and growth factors (BW0.75, see (5)).
Experimental data to estimate an AR during pregnancy are lacking. Using the retinol accumulation in foetal liver as a criterion, about 50 µg vitamin A per day would be needed in addition to the AR for non-pregnant women (5). The RI for pregnancy is set to 800 RE/d to cover individual variation.
The vitamin A content of breast milk varies with the dietary vitamin A intake. Reported values for Western countries are 450–600 RE/L. With an average milk production of 750 mL/d, this corresponds to 350–450 RE/d. An additional intake of 400 RE/d is, therefore, recommended during lactation.
In elderly subjects, intakes of 800–900 RE/d vitamin A seem more than adequate (21). Some early studies (22) found an age-related trend toward higher serum retinol values with advancing age, but recent studies have found trends toward a slight decrease (23). None of these elderly subjects had retinol values below a cut-off value of 0.35 mmol/L. Using a cut-off value of 0.7 mmol/L as proposed by NHANES data from subjects ranging in age from 18 years to 74 years resulted in only very few subjects being at risk (23). In a Danish cross-sectional study of 80-year-old men and women, 10% had a dietary intake of vitamin A below the lower limit but only one subject had a retinol value below 0.7 mmol/L (24). Use of the same vitamin A-containing supplements has been linked to higher circulating retinyl ester levels in elderly subjects compared to younger subjects (25), and this is due, perhaps, to delayed plasma clearance in the elderly (26). An intervention study found an altered postprandial plasma retinol concentration in older subjects compared to younger, but the intestinal absorption and esterification were the same in the elderly compared to the younger subjects (27).
Serum retinol levels are generally considered to be a relatively poor reflection of vitamin A status – unless liver stores are either very depleted or highly saturated – but plasma β-carotene seems to be a possible biomarker of β-carotene status (28). Several studies (23, 29, 30) have found a positive relationship between plasma levels and the intake of β-carotene in elderly subjects. Consumption of fruits and vegetables rich in β-carotene is inversely related to overall mortality and cardiovascular mortality, even in the elderly (31, 32). However, the role of β-carotene in the prevention of age-related diseases is still too weak to use as a basis for vitamin A recommendations. The RI for elderly subjects > 60 years of age is the same as for younger adults.
Reasoning behind the recommendation
There are limited scientific data to change the reference values from NNR 2004. Therefore, the RIs of 900 RE/d for men and 700 RE/d for women are maintained. In addition, the ARs of 600 RE/d for men and 500 RE/d for women and the LIs of 500 RE/d for men and 400 RE/d for women are kept unchanged.
Upper intake levels and toxicity
Several studies have shown that doses up to 180 mg β-carotene per day as supplements can be used for many years with no evidence of vitamin A toxicity and without the development of abnormally elevated blood retinol concentrations. Serious adverse effects of β-carotene in the form of supplements have, however, been reported but these are not related to its conversion to retinol (see discussion in the chapter on antioxidants).
Adverse effects of dietary retinol need to be considered in Nordic populations where the dietary intake of preformed retinol has been relatively high, especially in Iceland.
Vitamin D antagonism
Several studies have provided evidence of an antagonism between retinol and vitamin D both in animals (33–37) and humans (38). Animal studies have shown that retinol serves as an antagonist to vitamin D action, not only in toxic amounts but also at the physiological level (39). In a meta-analysis, which included all cases of retinol intoxication published in the scientific literature up to the year 2000 (40), it was found that the mean dose of retinol causing hypervitaminosis A was higher when the dose originated from a formula containing vitamin D. This observation implies that there is increased sensitivity for retinol toxicity among subjects with vitamin D insufficiency.
Risk of acute and chronic hypervitaminosis A
Retinol toxicity related to osteoporosis and teratogenicity is discussed in separate sections below. There have been no reports in the Nordic countries describing either classical chronic or acute hypervitaminosis A due to intake of foods such as liver except a few cases of early Arctic explorers eating polar bear liver (41). Although adults in the Nordic countries have a generous intake of retinol, very few if any healthy individuals are likely to ingest amounts that might lead to classical hypervitaminosis A. Thus, the risk of hypervitaminosis A due to retinol-rich foods is very low.
A major issue when evaluating the potential toxicity of retinol is the observation that intake of retinol in various physical forms appears to have different thresholds for toxicity (6, 40). Retinol in water-soluble, emulsified, or solid preparations generally seems to have more acute toxic effects than retinol in foods or oils (40). This might be relevant for potential hypervitaminosis A from supplements and from foods fortified with retinol. Several foods commonly used in the Nordic countries are fortified with retinol. If the diet consists of large amounts of retinol-fortified foods, the daily intake might approach the upper safe levels. Therefore, oil-based retinol preparations should preferably be used in supplements and fortification of foods, and supplements and fortification with water-miscible and emulsified preparations should be kept to a minimum.
A total of 17 suspected cases of supplement-induced chronic hypervitaminosis A, but no acute cases, have been reported in the scientific literature in the Nordic countries up to 2003 (6). Chronic hypervitaminosis A is induced after daily doses of 2 mg/kg of retinol in oil-based preparations for many months or years (40). In contrast, only a few weeks of daily intake of doses as low as 0.2 mg/kg of retinol in emulsified/water-miscible and solid preparations caused hypervitaminosis A (6). Thus, emulsified/water-miscible and solid preparations of retinol are about 10 times more toxic than oil-based preparations of retinol. The safe upper single dose of retinol in oil or liver seems to be about 4–6 mg/kg bodyweight (40). These thresholds do not vary considerably with age.
Hepatotoxicity is a manifestation of hypervitaminosis A, and toxic symptoms seem to depend on both the amount and duration of exposure. Mechanisms of hepatic effects are linked to overload of the storage capacity of the liver for vitamin A that can cause cellular toxicity, production of collagen, and eventually fibrosis and cirrhosis in the liver. The lowest dose reported to cause cirrhosis was a consumption of 7,500 RE/d for 6 years, and it can be hypothesized that this value might be the upper threshold of the storage capability of the liver (42).
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