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ABSTRACT 5 

Following a request from the European Commission, the Panel on Dietetic Products, Nutrition and Allergies 6 
(NDA) derived Dietary Reference Values (DRVs) for niacin. Niacin is a generic term for nicotinic acid and 7 
nicotinamide. Niacin can be synthesised in the human body from the indispensable amino acid tryptophan. 8 
Approximately 60 mg of tryptophan yields 1 mg of niacin defined as 1 mg niacin equivalent (NE). Long-term 9 
inadequate intake of tryptophan and niacin can lead to the development of pellagra. In the absence of new 10 
scientific data, the Panel endorses the Average Requirement (AR) for adults of 1.3 mg  NE/MJ 11 
(5.5 mg NE/1 000 kcal) adopted by the Scientific Committee for Food (1993), based on data on urinary niacin 12 
metabolites excretion as an endpoint. The Population Reference Intake (PRI) of 1.6 mg NE/MJ 13 
(6.6 mg NE/1 000 kcal) is derived from the AR assuming a coefficient of variation of 10 %. For infants aged 14 
7-11 months, children and adolescents, as well as for pregnant and lactating women, the Panel considers that 15 
there is no evidence that the relationship between niacin requirement and energy requirement differs from that of 16 
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SUMMARY 22 

Following a request from the European Commission, the EFSA Panel on Dietetic Products, Nutrition 23 

and Allergies (NDA) was asked to deliver a scientific opinion on Dietary Reference Values for the 24 

European population, including niacin.  25 

Niacin is a generic term for nicotinic acid and nicotinamide, soluble organic compounds that belong 26 

to the group of B vitamins. Niacin is found in a wide range of foods. Main food groups contributing to 27 

niacin intakes are meat and meat products, grains and grain-based products and milk and milk 28 

products. Depending on the foodstuff, the mean absorption of niacin is from about 23 % to about 29 

70 %; it is lowest from cereals and highest from animal products. Niacin can be synthesised in the 30 

human body from the indispensable amino acid tryptophan. Approximately 60 mg of tryptophan 31 

yields 1 mg of niacin defined as 1 mg niacin equivalent (NE). Inadequate iron, riboflavin or vitamin 32 

B6 status decreases the conversion of tryptophan to niacin.  33 

In vivo nicotinic acid is converted to nicotinamide, which is a precursor for nicotinamide adenine 34 

dinucleotide (NAD) and nicotinamide adenine dinucleotide phosphate (NADP), which are essential to 35 

cells and involved in many biochemical reactions. Niacin circulates in the plasma as nicotinamide and 36 

nicotinic acid. Both forms are transported to cells and tissues, which they enter by diffusion to 37 

perform the intracellular functions of niacin. Niacin is trapped within the cell as NAD or NADP.  38 

The major pathway of catabolism of nicotinic acid and nicotinamide is by methylation in the liver to 39 

N-methyl-nicotinamide (NMN) and subsequent oxidation to N-methyl-2-pyridone-carboxamide 40 

(2-Pyr) and N-methyl-4-pyridone-carboxamide (4-Pyr). In humans, the two major excretion products 41 

are NMN and 2-Pyr, which under normal conditions represent about 20-35 % and 45-60 % of niacin 42 

metabolites, respectively. The amount of niacin metabolites excreted depends on the niacin and 43 

tryptophan intake. Long-term inadequate intake of tryptophan and niacin results in reduced urinary 44 

excretion of niacin metabolites, and can lead to the development of pellagra. Based on experimental 45 

studies on niacin deficiency, it is recognised that niacin requirement is strongly dependent on energy 46 

intake. No signs of niacin deficiency were observed in subjects on diets containing at least 47 

approximately 1 mg NE/MJ (4.4 mg NE/1 000 kcal), while providing no less than 8.4 MJ/day 48 

(2 000 kcal/day). Diets providing at least 1.3 mg NE/MJ (5.5 mg NE/1 000 kcal) were sufficient to 49 

prevent depletion and maintain niacin body stores, as indicated by a sharp increase in urinary 50 

excretion of niacin metabolites above this intake.  51 

The Panel notes that, since the publication of the Scientific Committee for Food (SCF) report in 1993, 52 

no new scientific data have become available that would necessitate an amendment of the DRVs for 53 

niacin. The Panel therefore endorses the relationship proposed by the SCF (1993) between niacin 54 

requirement and energy requirement. 55 

The Panel endorses the Average Requirement (AR) for adults (men and women) of 1.3 mg NE/MJ 56 

(about 5.5 mg NE/1 000 kcal) and the Population Reference Intake (PRI) of 1.6 mg NE/MJ (about 57 

6.6 mg NE/1 000 kcal) adopted by the SCF (1993) assuming a coefficient of variation of 10 %. The 58 

Panel considers that there is no evidence that the relationship between niacin requirement and energy 59 

requirement for infants aged 7-11 months, children and adolescents differs from that of adults. 60 

Therefore, the AR and PRI for adults are applied to these age groups as well. The Panel also considers 61 

that, in pregnant and lactating women, there is no evidence that the relationship between niacin 62 

requirement and energy requirement differs from that of other adults. Therefore, the AR and PRI for 63 

adults are applied to these life stage groups. Taking into account the reference energy intake, i.e. the 64 

AR for energy for various Physical Activity Levels (PAL values), the intake of NE/MJ is also 65 

expressed as mg NE/day. The Panel notes that, as for other nutrient reference values, DRVs for niacin 66 

are set under the assumption that intakes of other essential nutrients, particularly iron, riboflavin, 67 

vitamin B6 and protein, and energy are adequate. 68 
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BACKGROUND AS PROVIDED BY THE EUROPEAN COMMISSION 143 

The scientific advice on nutrient intakes is important as the basis of Community action in the field of 144 

nutrition, for example such advice has in the past been used as the basis of nutrition labelling. The 145 

Scientific Committee for Food (SCF) report on nutrient and energy intakes for the European 146 

Community dates from 1993. There is a need to review and if necessary to update these earlier 147 

recommendations to ensure that the Community action in the area of nutrition is underpinned by the 148 

latest scientific advice.  149 

In 1993, the SCF adopted an opinion on the nutrient and energy intakes for the European 150 

Community.
4
 The report provided Reference Intakes for energy, certain macronutrients and 151 

micronutrients, but it did not include certain substances of physiological importance, for example 152 

dietary fibre. 153 

Since then new scientific data have become available for some of the nutrients, and scientific advisory 154 

bodies in many European Union Member States and in the United States have reported on 155 

recommended dietary intakes. For a number of nutrients these newly established (national) 156 

recommendations differ from the reference intakes in the SCF (1993) report. Although there is 157 

considerable consensus between these newly derived (national) recommendations, differing opinions 158 

remain on some of the recommendations. Therefore, there is a need to review the existing EU 159 

Reference Intakes in the light of new scientific evidence, and taking into account the more recently 160 

reported national recommendations. There is also a need to include dietary components that were not 161 

covered in the SCF opinion of 1993, such as dietary fibre, and to consider whether it might be 162 

appropriate to establish reference intakes for other (essential) substances with a physiological effect. 163 

In this context the EFSA is requested to consider the existing Population Reference Intakes for 164 

energy, micro- and macronutrients and certain other dietary components, to review and complete the 165 

SCF recommendations, in the light of new evidence, and in addition advise on a Population Reference 166 

Intake for dietary fibre.  167 

For communication of nutrition and healthy eating messages to the public it is generally more 168 

appropriate to express recommendations for the intake of individual nutrients or substances in food-169 

based terms. In this context the EFSA is asked to provide assistance on the translation of nutrient 170 

based recommendations for a healthy diet into food based recommendations intended for the 171 

population as a whole.  172 

TERMS OF REFERENCE AS PROVIDED BY THE EUROPEAN COMMISSION 173 

In accordance with Article 29 (1)(a) and Article 31 of Regulation (EC) No. 178/2002, the 174 

Commission requests EFSA to review the existing advice of the Scientific Committee for Food on 175 

population reference intakes for energy, nutrients and other substances with a nutritional or 176 

physiological effect in the context of a balanced diet which, when part of an overall healthy lifestyle, 177 

contribute to good health through optimal nutrition.  178 

In the first instance the EFSA is asked to provide advice on energy, macronutrients and dietary fibre. 179 

Specifically advice is requested on the following dietary components:  180 

 Carbohydrates, including sugars; 181 

 Fats, including saturated fatty acids, polyunsaturated fatty acids and monounsaturated fatty 182 

acids, trans fatty acids; 183 

                                                      
4  Scientific Committee for Food, Nutrient and energy intakes for the European Community, Reports of the Scientific 

Committee for Food 31st series, Office for Official Publication of the European Communities, Luxembourg, 1993. 
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 Protein; 184 

 Dietary fibre. 185 

Following on from the first part of the task, the EFSA is asked to advise on population reference 186 

intakes of micronutrients in the diet and, if considered appropriate, other essential substances with a 187 

nutritional or physiological effect in the context of a balanced diet which, when part of an overall 188 

healthy lifestyle, contribute to good health through optimal nutrition. 189 

Finally, the EFSA is asked to provide guidance on the translation of nutrient based dietary advice into 190 

guidance, intended for the European population as a whole, on the contribution of different foods or 191 

categories of foods to an overall diet that would help to maintain good health through optimal 192 

nutrition (food-based dietary guidelines). 193 

194 
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ASSESSMENT 195 

1. Introduction 196 

Niacin is a generic term for nicotinic acid and nicotinamide, which are water-soluble organic 197 

compounds that belong to the group of B vitamins. Both compounds are identical in their vitamin 198 

function. Niacin can be obtained from food as well as being produced in the liver from the 199 

indispensable amino acid tryptophan.  200 

In 1993, the Scientific Committee for Food (SCF) adopted an opinion on nutrient and energy intakes 201 

for the European Community (SCF, 1993). For niacin, the SCF set Population Reference Intakes 202 

(PRIs) for adults and children, as well as the Average Requirement (AR) and Lowest Threshold Intake 203 

(LTI). 204 

2. Definition/category 205 

Nicotinic acid has a molecular mass of 123.11 Da and nicotinamide has a molecular mass of 206 

122.11 Da. Nicotinamide is more soluble in water than nicotinic acid. Nicotinamide is a constituent of 207 

nicotinamide adenine dinucleotide (NAD) and nicotinamide adenine dinucleotide phosphate (NADP). 208 

Both of these can accept a hydrogen ion (H
+
) and two electrons (namely a hydride anion, H

-1
) to form 209 

NADH and NADPH, and may be involved in redox reactions as electron acceptors (NAD, NADP) or 210 

donors (NADH, NADPH). 211 

2.1. Functions of niacin 212 

2.1.1. Biochemical functions 213 

The function of niacin is as the precursor of the nicotinamide nucleotide coenzymes NAD and NADP, 214 

which are involved in oxidation/reduction reactions and associated with both catabolic and anabolic 215 

processes.  216 

Many dehydrogenases use NAD or NADP or both. Generally, NAD-linked dehydrogenases catalyse 217 

redox reactions of the oxidative pathways of metabolism, particularly in glycolysis, the citric acid 218 

cycle and the respiratory chain of mitochondria. NADP-linked dehydrogenases are characteristically 219 

found in reductive biosynthesis, as in the pathway of fatty acid and steroid synthesis, and also in the 220 

pentose-phosphate pathway. Therefore, NAD is essential for energy-producing reactions and NADP 221 

for anabolic reactions. NAD also participates in unique non-redox adenosine diphosphate–ribose 222 

transfer reactions involved in protein modification, calcium mobilisation, cell signaling and DNA 223 

repair (Kim et al., 1993; Malanga and Althaus, 2005; Sauve et al., 2006; Belenky et al., 2007; Bogan 224 

and Brenner, 2008; Kirkland, 2014).  225 

2.1.2. Health consequences of deficiency and excess 226 

2.1.2.1. Deficiency 227 

Long-term inadequate intake of tryptophan and niacin can lead to the development of pellagra. The 228 

common symptoms of pellagra include photosensitive dermatitis, skin lesions, tongue and mouth 229 

soreness, vomiting, diarrhoea, depression and dementia. Early symptoms are usually non-specific and 230 

include weakness, loss of appetite, fatigue, digestive disturbances, abdominal pain and irritability. 231 

Untreated pellagra results in death from multiorgan failure (Hegyi et al., 2004; Wan et al., 2011). 232 
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In industrialised countries, pellagra is rare. It may be observed when conditions or diseases interfere 233 

with niacin intake, absorption and/or metabolism, e.g. in chronic alcohol abuse or in patients with 234 

anorexia nervosa or gastrointestinal diseases characterised by malabsorption or disturbances in 235 

tryptophan metabolism (Wan et al., 2011). 236 

2.1.2.2. Excess 237 

The Tolerable Upper Intake Level (UL) for free nicotinic acid is 10 mg/day, and the UL for 238 

nicotinamide is 900 mg/day in adults (SCF, 2002). These ULs are not applicable during pregnancy or 239 

lactation because of insufficient data.  240 

The UL for nicotinic acid is based on data indicating occasional flushing at an intake of 30 mg/day 241 

(Sebrell and Butler, 1938), using an uncertainty factor of three to allow for the fact that a slight effect 242 

(occasional flushing) was reported and that the study was performed in a small number of subjects but 243 

taking into account the steep dose–response relationship. For nicotinamide, the No Observed Adverse 244 

Effect Level (NOAEL) of 25 mg/kg body weight per day reported in patients with diabetes (Pozzilli et 245 

al., 1995) was used, and an uncertainty factor of two was applied to allow for the fact that adults may 246 

eliminate nicotinamide more slowly than the study groups, many of which were children. 247 

2.2. Physiology and metabolism 248 

2.2.1. Intestinal absorption 249 

Intestinal absorption of nicotinic acid and nicotinamide supplied from food is mediated by sodium 250 

ion-dependent, carrier-mediated diffusion, but a role for the human organic anion transporter 10 251 

(hOAT10) and the intracellular protein–tyrosine kinase pathway has also been proposed (Evered et 252 

al., 1980; Nabokina et al., 2005; Said et al., 2007; Bahn et al., 2008; Said, 2011). 253 

Depending on the foodstuff, the mean absorption of niacin is from about 23 % to 70 %; it is lowest 254 

from cereals and highest from animal products (Carter and Carpenter, 1982; Wei, 1982; Wall et al., 255 

1987). In order to be absorbed, NAD and NADP from the diet need to be hydrolysed in the intestine 256 

into nicotinamide (Henderson, 1983; Gropper et al., 2009). In cereals, niacin is mostly present as 257 

esterified forms unavailable for absorption, namely niacytin consisting of nicotinic acid esterified to 258 

polysaccharides, and also to polypeptides and glycopeptides (niacinogenes) (Wall et al., 1987; Ball, 259 

1998). The majority (about 75 %) of this bound nicotinic acid is biologically unavailable after 260 

cooking and only a small part (less than about 25 %) of these bound forms may become hydrolysed by 261 

gastric acid (Carter and Carpenter, 1982). The bioavailability of bound forms of niacin can be 262 

increased by pretreatment of the food with alkali for ester bond hydrolysis (Mason et al., 1973; Carter 263 

and Carpenter, 1982; Carpenter and Lewin, 1985).  264 

2.2.2. Transport in blood and distribution to tissues 265 

Niacin circulates in the plasma as nicotinamide and nicotinic acid (Pollak et al., 2007; Kirkland, 266 

2009). Nicotinamide is the major form of niacin found in the bloodstream (Kirkland, 2009). From the 267 

blood, nicotinic acid and nicotinamide move across cell membranes by simple diffusion; however, the 268 

transport into the kidney tubules and erythrocytes requires a carrier (Henderson, 1983; Gropper et al., 269 

2009).  270 
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2.2.3. Metabolism 271 

Niacin can be synthesised in the human body from the indispensable amino acid tryptophan. 272 

Approximately 60 mg of tryptophan yields 1 mg of niacin, as reviewed by Horwitt et al. (1981); 273 

because of this conversion ratio, 60 mg of tryptophan has been defined as 1 mg niacin equivalent 274 

(NE). The conversion of tryptophan to niacin depends on tryptophan intake rather than on niacin 275 

status; when dietary tryptophan is limited, the efficiency of conversion of tryptophan to niacin falls 276 

below the commonly used conversion ratio, because of the priority for the use of dietary tryptophan in 277 

protein synthesis (Vivian et al., 1958; Patterson et al., 1980; Bender, 2003; Kirkland, 2007). 278 

Inadequate iron, riboflavin, or vitamin B6 status decreases the conversion of tryptophan to niacin 279 

(McCormick, 1989). Inter-individual differences (about 30 %) in the conversion efficiency of 280 

tryptophan to niacin have been reported (Patterson et al., 1980; Horwitt et al., 1981). The conversion 281 

of tryptophan to niacin is more efficient in pregnant women than in other adults (Wertz et al., 1958); 282 

this is supported by data collected during pregnancy in animals (Ftukijwatari et al., 2004). However, 283 

the tryptophan to niacin conversion ratio would need to be confirmed by other studies in pregnant 284 

women. The conversion of tryptophan to niacin is reduced under certain conditions such as carcinoid 285 

syndrome and as a result of decreased absorption of tryptophan in Hartnup’s disease and other 286 

conditions associated with malabsorption, as well as prolonged treatment with certain drugs (Hegyi et 287 

al., 2004; Wan et al., 2011). 288 

Within the cell, niacin is used to synthesise NAD, which can then be phosphorylated to NADP, and 289 

both of these can accept two electrons and one proton to form NADH and NADPH. Humans use both 290 

nicotinamide and nicotinic acid to synthesise NAD but utilise different pathways to achieve this 291 

(Bogan and Brenner, 2008; Sauve, 2008; Kirkland, 2009). Nicotinamide is converted to NAD by 292 

reaction with 5-phosphoribosyl-1-pyrophosphate and ATP. Nicotinic acid reacts with 293 

5-phosphoribosyl-1-pyrophosphate and forms the nicotinic acid mononucleotide, which is then 294 

transformed into nicotinic acid dinucleotide by adenylation , and subsequently converted to NAD by  295 

amidation  in the presence of glutamine (Bogan and Brenner, 2008; Sauve, 2008; Kirkland, 2009). 296 

NAD is converted to NADP by reaction with ATP. Intracellular concentrations of NAD are generally 297 

higher than NADP concentrations (Srikantia et al., 1968; Fu et al., 1989; Sauve, 2008; Gropper et al., 298 

2009; Kirkland, 2009). 299 

The major pathway of catabolism of nicotinic acid and nicotinamide is by methylation in the liver and 300 

subsequent oxidation. Both compounds are metabolised to N-methyl-nicotinamide (NMN) with the 301 

participation of ATP and Mg
2+

 and S-adenosylmethionine as a methyl donor. NMN can be oxidised to 302 

N-methyl-2-pyridone-carboxamide (2-Pyr)
5
 and N-methyl-4-pyridone-carboxamide (4-Pyr) (Bender, 303 

2003), which are found in both plasma and urine (see Sections 2.2.4.1. and 2.3.). 304 

2.2.4. Elimination 305 

The main route of niacin excretion is via the urine. There is no indication that faeces constitute an 306 

important route of excretion for absorbed niacin. 307 

2.2.4.1. Urine 308 

Once niacin is absorbed, niacin metabolites are excreted in urine. In humans the two major excretion 309 

products of niacin catabolism are NMN and 2-Pyr, which under normal conditions represent, 310 

respectively, about 20-35 % and 45-60 % of niacin metabolites in urine (Mrochek et al., 1976; Shibata 311 

and Matsuo, 1989; Gropper et al., 2009). Small amounts of 4-Pyr (about 6-9 % of niacin metabolites) 312 

are also excreted. The amount of niacin metabolites excreted depends on the niacin and tryptophan 313 

                                                      
5
 2-Pyr has also been referred to as 6-pyridone in some papers; in this Opinion the term 2-Pyr will be used 

consistently to refer to this compound. 
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intake (see Sections 2.3 and 5.1.) (Goldsmith et al., 1952; Goldsmith et al., 1955; Horwitt et al., 1956; 314 

Jacob et al., 1989). Humans suffering from niacin deficiency have reduced renal excretion of 315 

metabolites (Goldsmith et al., 1955; Hegyi et al., 2004). Elevated urinary excretion of NMN and/or 316 

2-Pyr has been observed in pregnant women compared with non-pregnant women and in women 317 

compared with men, as well as in women taking oral contraceptives compared with control women 318 

(Horwitt et al., 1975). Urinary excretion of niacin metabolites was found to increase from early to late 319 

pregnancy and decline after childbirth (Wertz et al., 1958; Ftukijwatari et al., 2004). 320 

2.2.4.2. Breast milk 321 

Lactating women secrete niacin (nicotinamide and nicotinic acid) via their breast milk (Greer, 2001). 322 

Niacin concentrations in human milk from healthy mothers in the EU sampled at various stages of 323 

lactation are listed in Appendix A. Owing to the high protein turnover and the net positive nitrogen 324 

retention in infancy, tryptophan concentration in breast milk and its conversion to niacin by infants 325 

was not considered in this Section or in Appendix A. In two UK studies (DHSS, 1977; Ford et al., 326 

1983), the mean concentration of niacin in mature human milk was about 2.1 mg/L. The niacin 327 

concentration in breast milk is reported to be dependent on maternal NE intake (Picciano, 2001). 328 

Considering a mean milk transfer of 0.8 L/day during the first six months of lactation in exclusively 329 

breastfeeding women (Butte et al., 2002; FAO/WHO/UNU, 2004; EFSA NDA Panel, 2009), and the 330 

mean concentration of niacin in mature human milk in the EU of about 2.1 mg/L, secretion of 331 

preformed niacin into milk during lactation is about 1.7 mg/day. 332 

2.3. Biomarkers  333 

2.3.1. Urinary niacin metabolites 334 

A significant linear correlation was observed between 24-hour urinary excretion of NMN, 2-Pyr, 335 

4-Pyr or the sum of the three metabolites and usual dietary intake of niacin and/or NE (mean intake of 336 

about 21-27 mg NE/day) in healthy men and women (18-27 years) (Shibata and Matsuo, 1989; Tsuji 337 

et al., 2010) and children (10-12 years) (Tsuji et al., 2011). A significant correlation between NE 338 

intakes and 24-hour urinary excretion of MNM and 2-Pyr (average of four days per subject) was also 339 

observed in three groups of young men (19-28 years) given 8 mg/day of niacin and different 340 

tryptophan doses (total intake of about 12-22 mg NE/day, each of the three doses being consumed for 341 

35 days) (Patterson et al., 1980). 342 

In seven healthy men on fixed diets containing between 6.1 and 32 mg NE/day during different study 343 

periods (one initial period of 13 days and three study periods of 35 or 15 days in which five study 344 

doses were tested), mean urinary 2-Pyr and NMN excretion varied between about 1-20 mg/day and 345 

0.8-5 mg/day according to the dose, respectively (Jacob et al., 1989). For each metabolite, group mean 346 

urinary concentrations (n = 5) assessed at the end of each study period were significantly linearly 347 

correlated with mean NE intake. Urinary NMN excretion, but not 2-Pyr, was significantly lower in 348 

subjects with an intake of 6.1-10.1 mg NE/day than in those with an intake of 19.2-19.6 mg NE/day.  349 

A decrease in urinary excretion of the niacin metabolites NMN and 2-Pyr
6
 in subjects consuming 350 

different levels of NE is indicative of depleted body stores of niacin (Goldsmith et al., 1952; 351 

Goldsmith et al., 1955). Goldsmith et al. (1952) reported that no signs of pellagra were observed in 352 

subjects whose urinary NMN excretion remained above 0.9 mg/day, while the excretion decreased to 353 

about 0.5-0.7 mg/day in subjects with pellagra.  354 

                                                      
6
 Refered to as 6-pyridone in the paper. 
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The response of urinary niacin metabolite excretion to oral test doses of nicotinamide may reflect 355 

niacin body stores. When an oral dose of nicotinamide (20 mg/70 kg body weight) was administered 356 

at the end of the initial period (19.6 mg NE/day), the ―low‖ intake period (6.1-10.1 mg NE/day) and 357 

the ―repletion‖ period (19.2 mg NE/day), urinary excretion of niacin metabolites assessed at one hour 358 

pre-dose, then hourly for four hours post dose indicated that increases in urinary NMN excretion 359 

above baseline values were similar according to diets, while urinary 2-Pyr excretion over four hours 360 

post dose was significantly greater on the baseline diet compared with the other diets (Jacob et al., 361 

1989). In subjects with pellagra (Goldsmith et al., 1952), an increase in NMN excretion (from 0.5 to 362 

2.4-3.9 mg/day) and 2-Pyr excretion (from 0 to 14.3-21.3 mg/day) was observed in response to oral 363 

test doses of nicotinamide (50 mg), while a slow increase in excretion of urinary metabolites was 364 

observed following daily administration of 2 mg nicotinamide or 3 mg tryptophan for 20-90 days.   365 

Niacin metabolites are excreted in the urine even at low NE intakes. For NE intakes above about 366 

11 mg/day, urinary niacin metabolite excretion increased sharply, which has been suggested to reflect 367 

saturation of body stores (Goldsmith et al., 1955). 368 

The Panel notes that urinary excretion of niacin metabolites is considered as a marker of niacin status. 369 

However, there are only limited data available as to the suitability of urinary niacin metabolites as 370 

biomarkers of niacin intake.  371 

2.3.2. Plasma niacin metabolites  372 

In seven men consuming different amounts of NE (five study doses) (Jacob et al., 1989) (see Section 373 

2.3.1.), there was a significant linear relationship between group means (n = 5) of plasma NMN 374 

concentration at the end of each study period and the corresponding NE intake, but the only 375 

significant difference was observed between ―low‖ (6.1 and 10.1 mg NE/day) and ―high‖ NE diets 376 

(32 mg NE/day). A decrease in plasma 2-Pyr concentration to undetectable levels was observed with 377 

the two ―low‖ NE diets, but there was no significant linear relationship between group means of 378 

plasma 2-Pyr concentration and NE intakes.  379 

The Panel notes that differences in plasma NMN concentrations reflect changes in niacin status 380 

associated with large changes in NE intake (6.1 to 32 mg NE/day) over periods of time. The Panel 381 

also notes that plasma niacin metabolites are less sensitive to changes in NE intakes than urinary 382 

metabolites. The Panel considers that the available data are too limited to judge on the suitability of 383 

plasma niacin metabolites as biomarker of niacin status.  384 

2.3.3. Erythrocyte pyridine nucleotides  385 

A decrease in NE intake is associated with a fall in whole blood pyridine nucleotide concentrations 386 

(Vivian et al., 1958). Fu et al. (1989) investigated the effect of varying NE intakes on erythrocyte 387 

NAD and NADP concentration. No significant difference in erythrocyte NAD concentration was 388 

observed between intakes of 6.1 and 10.1 mg NE/day after five weeks, but a significant decrease was 389 

observed compared with the initial intake of 19.6 mg NE/day. However, intakes of 25 and 32 mg 390 

NE/day did not significantly increase erythrocyte NAD after five weeks compared with the 391 

―repletion‖ intake of 19.2 mg NE/day. In contrast to erythrocyte NAD concentration, no significant 392 

change in erythrocyte NADP concentration was observed. 393 

The Panel notes that erythrocyte NAD concentration may be a marker of niacin depletion caused by 394 

―low‖ NE intake (≤ 10.1 mg NE/day); however, based on the limited data available no conclusion can 395 

be drawn on the relationship between erythrocyte NAD concentration and niacin requirement. 396 
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3. Dietary sources and intake data 397 

3.1. Dietary sources 398 

Niacin is found in a wide range of foods. The main sources of niacin include liver, lean meat of beef 399 

and pork, fish, anchovies, peanuts and whole grains. Foods rich in protein, such as milk, cheese and 400 

eggs, which are good sources of the amino acid tryptophan, are therefore good sources of NEs. Tea 401 

and coffee are also sources of niacin. In uncooked animal food niacin occurs mainly in the form of the 402 

nucleotides NAD and NADP, and in plant food it is mostly present as esterified forms that require 403 

hydrolysis, which can occur during the course of food preparation (see Section 2.2.1). Niacin is 404 

temperature resistant; however, significant amounts of niacin can be lost in cooking water that is 405 

discarded.  406 

Currently, nicotinic acid and nicotinamide may be added to foods
7
 and food supplements.

8
 Inositol 407 

hexanicotinate (inositol hexaniacinate) may be added to food supplements
8
 only. The niacin content 408 

of infant and follow-on formulae is regulated.
9
 409 

3.2. Dietary intake 410 

Dietary intakes of niacin were estimated by the Evidence Management Unit (DATA) of EFSA. Food 411 

consumption data from the EFSA Comprehensive Food Consumption Database (EFSA, 2011b), 412 

classified according to FoodEx2 classification, were used. Data of ten dietary surveys from seven 413 

countries (Finland, Germany, Ireland, Italy, Latvia, Netherlands and United Kingdom) were included 414 

in the assessment after consistency checks (Appendix B). While Italian food consumption data from 415 

the existing Comprehensive Food Consumption database was added after re-classifying all food 416 

consumption data according to the FoodEx2 food classification system (EFSA, 2011a), the other 417 

datasets were already classified according to the FoodEx2 system. Nutrient composition data of niacin 418 

were derived from the EFSA nutrient composition database which was compiled as a deliverable of a 419 

procurement project (Roe et al., 2013) to which fourteen national food database compiler 420 

organisations participated. In case not original data was available, the data compilers were allowed to 421 

use compatible data from other countries. In this assessment, food composition information of 422 

Finland, Germany, Italy, Netherlands and United Kingdom were used. For nutrient intake estimates of 423 

Ireland, the UK food composition data and, for intake estimates of Latvia, the German composition 424 

data were used. 425 

After consistency checks and replacement of missing values for total niacin in the EFSA nutrient 426 

database, niacin intakes were calculated as total niacin equivalents (NE, mg/day), for males 427 

(Appendix C) and females (Appendix D). Data on children were provided by eight studies, and data 428 

on adults by six studies, including one study on pregnant women and adolescent girls. EFSA estimates 429 

are based on food consumption only (i.e. without dietary supplements). In children and adolescents, 430 

the average total niacin intakes ranged from 11 to 21 mg/day (1-3 years), from 14 to 35 mg/day (3-431 

10 years), and from 26 to 48 mg/day (10-18 years). In adults, the average total niacin intakes ranged 432 

from 27 to 55 mg/day. Average daily intakes were slightly higher among males compared to females 433 

mainly due to larger quantities of food consumed per day. 434 

Main food groups contributing to niacin intakes were also calculated for males (Appendix E) and 435 

females (Appendix F): they were meat and meat products, grains and grain-based products and milk 436 

                                                      
7  Regulation (EC) No 1925/2006 of the European Parliament and of the Council of 20 December 2006 on the addition of 

vitamins and minerals and of certain other substances to foods, OJ L 404, 30.12.2006, p. 26. 
8  Directive 2002/46/EC of the European Parliament and of the Council of 10 June 2002 on the approximation of the laws of 

the Member States relating to food supplements, OJ L 183, 12.7.2002, p. 51. 
9  Commission Directive 2006/141/EC of 22 December 2006 on infant formulae and follow-on formulae and amending 

Directive 1999/21/EC, OJ L 401, 30.12.2006, p.1. 
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and milk products. Other important food groups contributing to niacin intake were coffee and cocoa 437 

beverages among Finnish, Italian and to a lesser extent Dutch adults, composite dishes among 438 

adolescents and adults in the United Kingdom and starchy roots or tubers and products thereof among 439 

adolescents in the Netherlands. Differences in main contributors to niacin intakes between genders 440 

were minor.  441 

When the EFSA’s niacin intake estimates were compared with published intakes from the same 442 

surveys, its estimates were found to be up to 7-8 % and 5-9 % higher than the Irish NANS and the 443 

Finnish FINDIET2012 surveys, respectively (IUNA, 2011; Helldán et al., 2013). Other comparisons 444 

were limited, due to lack of the same time window of data collection or different population groups in 445 

the food consumption datasets or because niacin intakes were not published from the survey (Hoppu 446 

et al., 2010; Kyttälä et al., 2010; Sette et al., 2011; van Rossum et al., 2011; Bates et al., 2012). 447 

Uncertainties in the estimates may be caused by inaccuracies in mapping food consumption data 448 

according to the FoodEx2 classification, by analytical errors or errors in estimating niacin 449 

composition for the food composition table due to the use of borrowed niacin values from other 450 

countries in the food composition database, and by replacing missing niacin values by values of 451 

similar foods or food groups in the niacin intake estimation process. These uncertainties may, in 452 

principle, cause both too high and too low estimates of total niacin intake. Overestimated values may 453 

also be related to differences in dealing with vitamin losses in the intake calculation process 454 

concerning processed foods. In this intake assessment, the niacin losses were based on the niacin data 455 

for processed foods provided by the countries participating in the EFSA food composition database 456 

updating project (Roe et al., 2013) and no further adjustments were made to the niacin compositions. 457 

4. Overview of Dietary Reference Values and recommendations 458 

4.1. Adults 459 

The Nordic countries (NNR, 2012; Nordic Council of Ministers, 2013) set an AR at 1.3 mg NE/MJ 460 

based on studies in which niacin status was assessed using urinary excretion of niacin metabolites 461 

(SCF, 1993; Powers, 1999). The Recommended Intake (RI) was set at 1.6 mg NE/MJ. This would 462 

correspond to an intake of about 13-15 mg NE/day for women and 15-19 mg NE/day for men. 463 

However, it was stated that, when planning diets, niacin intake should not be lower than 13 mg 464 

NE/day when a low energy diet (< 8 MJ/day) is consumed. A Lower intake level was set at 1 mg 465 

NE/MJ, thus 9 mg NE/day for women and 12 mg NE/day for men. At energy intakes below 8 MJ/day, 466 

the lower limit was estimated to be 8 mg NE/day. 467 

The German-speaking countries (D-A-CH, 2013) followed a proposal by FAO/WHO (1978) to set 468 

niacin reference values in relation to energy intake as 1.6 mg NE/MJ and considered that niacin intake 469 

should not be below 13 mg NE/day for subjects with a reduced energy requirement. Recommended 470 

intakes were calculated taking into account the guiding values for energy intake.  471 

WHO/FAO (2004) based their reference values on two studies (Patterson et al., 1980; Shibata and 472 

Matsuo, 1989), along with earlier data from the 1950s, considering 12.5 mg NE/day, which 473 

corresponds to 5.6 mg NE/4 184 kJ (5.6 mg NE/1 000 kcal or about 1.3 mg NE/MJ), as being 474 

minimally sufficient for niacin intake in adults.  475 

Afssa (2001) set a PRI of 6.0 mg NE/5 MJ (5.0 mg NE/1 000 kcal) derived from the minimum amount 476 

required to prevent pellagra and to restore normal excretion of NMN and 2-Pyr (Goldberger and 477 

Tanner, 1922; Goldsmith, 1956; Goldsmith et al., 1956; Horwitt et al., 1956; Jacob et al., 1989). 478 

Taking into account the mean energy intake for age and sex, reference values were set at 14 mg 479 

NE/day for men and 11 mg NE/day for women. 480 
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Based on three studies investigating the urinary excretion of NMN while on diets low or deficient in 481 

niacin (Goldsmith et al., 1955; Horwitt et al., 1956; Jacob et al., 1989), the Health Council of the 482 

Netherlands (2000) considered a urinary excretion of 1 mg/day of NMN to be the value below which 483 

niacin intake is inadequate. This value was judged to reflect an average intake of 11.6 mg NE/day at a 484 

normal protein intake (Goldsmith et al., 1952; Goldsmith et al., 1955; Horwitt et al., 1956; Jacob et 485 

al., 1989). It was concluded that there was no proven difference in the metabolism of niacin, but 486 

differences in energy intake between men (11.2 MJ/day) and women (8.5 MJ/day) were recognised 487 

(Hulshof et al., 1998). Therefore, an AR was set at 12 and 9 mg NE/day for men and women, 488 

respectively. A PRI of 17 mg NE/day for men and 13 mg NE/day for women aged 19 years or more 489 

was set. No evidence for age-related differences were found in adults older than 50 years.  490 

IOM (1998) considered urinary NMN excretion to be the best marker for estimating the Estimated 491 

Average Requirement (EAR). Based on four experimental studies (Goldsmith et al., 1952; Goldsmith 492 

et al., 1955; Horwitt et al., 1956; Jacob et al., 1989), an interpolated urinary NMN excretion of 493 

1 mg/day was considered to reflect a niacin intake that is above the intake resulting in deficiency, and 494 

a corresponding NE intake was calculated assuming a linear relationship between NMN excretion and 495 

niacin intake. The average (± SD) intake equivalent to the excretion of 1 mg NMN/day  was 496 

calculated to be 11.6 ± 3.9 mg NE. The EAR was set at 12 mg NE/day for men and, with a small 497 

(approximately 10 %) decrease for the lower energy intake of women, at 11 mg NE/day for women. 498 

For the Recommended Dietary Allowance (RDA), a coefficient of variation (CV) of 15 % was used, 499 

as the data from the four experimental studies suggested a wider variation than 10 %, resulting in an 500 

RDA of 16 and 14 mg NE/day for men and women, respectively. 501 

The Scientific Committee for Food (SCF, 1993) based the AR of 1.3 mg NE/MJ on the results of 502 

depletion–repletion studies in which the amount of preformed niacin or tryptophan required to restore 503 

―normal‖ excretion of NMN and methyl pyridone carboxamide was determined (Horwitt et al., 1956; 504 

Kelsay, 1969).
10,11

 Allowing for individual variation, the PRI was set at 1.6 mg NE/MJ, which was 505 

then expressed as mg NE/day based on the AR for energy derived by the SCF (1993). The SCF also 506 

considered that the requirement of subjects with usual intakes below 8 MJ/day may not be covered by 507 

the PRI of 1.6 mg NE/MJ and thus suggested a PRI of 13 mg NE/day for these subjects. The LTI was 508 

set at 1.0 mg NE/MJ.  509 

The UK Committee on Medical Aspects of Food (COMA) (DH, 1991) based the AR of 510 

5.5 mg NE/1 000 kcal (i.e. 1.3 mg NE/MJ) on the requirement for niacin to prevent or cure pellagra, 511 

or to normalise urinary excretion of NMN and of methyl pyridine carboxamide, in subjects 512 

maintained on niacin-deficient diets and in energy balance (Horwitt et al., 1956). Applying a CV of 513 

10 %, a PRI of 6.6 mg NE/1 000 kcal (i.e. 1.6 mg NE/MJ) and a Lower Reference Nutrient Intake of 514 

4.4 mg NE/1 000 kcal (i.e. 1.05 mg NE/MJ) were derived. 515 

An overview of DRVs for niacin for adults is presented in Table 1. 516 

517 

                                                      
10  The narrative review by Kelsay (1969) reported that an excretion of 0.5 mg NMN/g creatinine was found in subjects with 

daily intakes of about 5 mg niacin and 200 mg tryptophan (a total of 8.3 mg NE) when subjects began to show clinical 

evidence of pellagra (Interdepartmental Committee on Nutrition for National Defense, 1963. Manual for Nutrition 

Surveys, 249 pp.). 
11  Although they are not referenced in the SCF report on niacin, it is assumed in this Opinion that the data of Goldsmith 

(1952, 1955) were used in setting the AR and PRI. 
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Table 1:  Overview of Dietary Reference Values for niacin for adults  518 

 NNR 

(2012)
 (a)

 

D-A-CH 

(2013) 
(a) 

WHO/FAO 

(2004) 
(b)

 

Afssa 

(2001) 
(c)

 

NL 

(2000) 

IOM 

(1998)
 

SCF 

(1993) 

DH 

(1991) 

Age (years) 18-30 19-< 25 ≥ 19 ≥ 20 ≥ 19 ≥ 19 ≥ 18 ≥ 19 

PRI Men (mg NE/day) 19 17 16 14 17 16 1.6 
(d)

 1.6 
(d)

 

PRI Women (mg NE/day) 15 13 14 11 13 14 1.6 
(d)

 1.6 
(d)

 

Age (years) 31-60 25-< 51       

PRI Men (mg NE/day) 18 

 

16       

PRI Women (mg NE/day) 14 13       

Age (years) 61-74 51-< 65       

PRI Men (mg NE/day) 16 15       

PRI Women (mg NE/day) 13 13       

Age (years) ≥ 75 ≥ 65       

PRI Men (mg NE/day) 15 13       

PRI Women (mg NE/day) 13 13       

(a): PRI of 1.6 mg NE/MJ. 519 
(b): from a ―minimally sufficient‖ amount of 1.3 mg NE/MJ. 520 
(c): PRI of 1.2 mg NE/MJ. 521 
(d): Expressed as mg NE/MJ. 522 
NE: niacin equivalent (1 mg niacin = 1 niacin equivalent = 60 mg dietary tryptophan). 523 
NL: Health Council of the Netherlands. 524 

4.2. Infants and children 525 

The Nordic countries (NNR, 2012; Nordic Council of Ministers, 2013) used the adult RI of 1.6 mg 526 

NE/MJ to set RIs for infants and children over six months of age, adjusted for the reference energy 527 

intake values for children. 528 

The German-speaking countries (D-A-CH, 2013) followed the proposal by FAO/WHO (1978) to set 529 

niacin DRVs in relation to energy intake as 1.6 mg/MJ for the derivation of recommended intakes for 530 

infants older than four months and children. 531 

For infants aged 7-12 months, the WHO/FAO (2004) calculated the requirement based on a niacin 532 

concentration of human milk of 1.5 mg/L and a tryptophan concentration of 210 mg/L (American 533 

Academy of Pediatrics Committee on Nutrition, 1985). Therefore, it was calculated that the total 534 

content of NE is approximately 5 mg/L or 4 mg NE/0.75 L of human milk consumed daily. PRIs for 535 

children were set, but no information was given on how the PRIs were derived. 536 

For infants from birth to 12 months, Afssa (2001) recommended a daily intake of about 3 mg NE 537 

based on the average concentration of niacin and tryptophan in breast milk and a mean milk intake of 538 

0.75 L/day. No data were found on which to base niacin requirements for children; therefore, 539 

requirements were adjusted from the adult values of 5 mg NE/1 000 kcal, considering the average 540 

energy requirements of children. The values derived for adolescents were the same as for adults. 541 

The Health Council of the Netherlands (2000) set an Adequate Intake (AI) of 2 mg/day of niacin for 542 

infants from birth to five months based on an average concentration of niacin in breast milk of 543 

2.1 mg/L (Fomon and McCormick, 1993). It was proposed that, as infants require tryptophan for 544 
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protein metabolism, only preformed niacin would be considered in the derivation of the AI. For 545 

infants and children older than six months, no data were identified; therefore, the AI was calculated 546 

by linear extrapolation between the AI of infants from birth to five months and the value of adults. An 547 

AI of 2 mg NE/day for infants aged 6-11 months was set.  548 

For infants between birth and six months, the IOM (1998) derived an AI for niacin based on the 549 

estimated niacin concentration of breast milk of 1.8 mg/L (Ford et al., 1983) and the reported mean 550 

intake of breast milk for this age group of 0.78 L/day (Hofvander et al., 1982; Butte et al., 1984; 551 

Chandra, 1984; Allen et al., 1991). Because of the high rate of protein turnover and the net positive 552 

nitrogen retention in infancy, tryptophan intake was not considered. Therefore, an AI was set at 553 

2 mg/day of preformed niacin, after rounding up. For infants aged 7-12 months, an AI was 554 

extrapolated from estimates of adult requirement by allometric scaling, using body weight to the 555 

power of 0.75. For children and adolescents, no data were found on which to base an EAR; therefore, 556 

EARs and RDAs were extrapolated from adults by allometric scaling. 557 

For infants and children, the SCF (1993) and the UK COMA (DH, 1991) considered that there was no 558 

evidence that the requirement was different from that of adults, other than on the basis of average 559 

energy expenditure. 560 

An overview of DRVs for niacin for children is presented in Table 2. 561 

Table 2:  Overview of Dietary Reference Values for niacin for children 562 

 NNR 

(2012) 

D-A-CH 

(2013)
 

WHO 

(2004) 

Afssa 

(2001) 

NL 

(2000) 

IOM 

(1998)
 

SCF  

(1993) 

DH 

(1991) 

Age (months) 6-11 4-< 12 7-12 infants 6-11 7-12 6-11 7-12 

PRI (mg NE/day) 5 5 4 
(a)

 3 
(a)

 2 
(a)

 4 
(a)

 1.6
 (b)

 1.6 
(b)

 

Age (years) 12-23 1-< 4 1-3 1-3 1-3 1-3 1-3 1-18 

PRI (mg NE/day) 7 7 6 6 4 
(a)

 6  1.6
 (b)

 1.6 
(b)

 

Age (years) 2-5 4-< 7 4-6 4-6 4-8 4-8 4-6  

PRI (mg NE/day) 9 10 8 8 7 
(a)

 8 1.6
 (b)

  

Age (years) 6-9 7-< 10 7-9 7-9 9-13 9-13 7-10  

PRI (mg NE/day) 12 12 12 9 11 
(a)

 12 1.6
 (b)

  

Age (years) 10-13 10-< 13 10-18 10-12 14-18 14-18 11-14  

PRI Boys (mg NE/day) 15 15 16 10 17 
(a)

 16 1.6
 (b)

  

PRI Girls (mg NE/day) 14 13 16 10 13 
(a)

 14 1.6
 (b)

  

Age (years) 14-17 13-< 15  13-15   15-17  

PRI Boys (mg NE/day) 19 18  13   1.6
 (b)

  

PRI Girls (mg NE/day) 16 15  11   1.6
 (b)

  

Age (years)  15-< 19  16-19     

PRI Boys (mg NE/day)  17  14     

PRI Girls (mg NE/day)  13  11     

(a): AI. 563 
(b): Expressed as mg NE/MJ. 564 
NE: niacin equivalent. NL: Health Council of the Netherlands. 565 



Dietary Reference Values for niacin 

 

EFSA Journal 2014;volume(issue):NNNN 17 

4.3. Pregnancy and lactation 566 

The Nordic countries (NNR, 2012; Nordic Council of Ministers, 2013) recommended an additional 567 

1 mg NE/day (adolescent girls) to 3 mg NE/day (women from 31 years) for pregnant women, based 568 

on the increased energy requirement, and thus set an RI of 17 mg/day for pregnancy. They 569 

recommended an extra intake of 4 mg NE/day (adolescent girls) to 6 mg NE/day (women from 570 

31 years), based on the niacin content of breast milk and the increased energy requirement, and thus 571 

set a RI of 20 mg/day for lactation. 572 

The German-speaking countries (D-A-CH, 2013) acknowledged that the formation of niacin from 573 

tryptophan is increased during pregnancy. Nevertheless, and taking into account the increased energy 574 

requirement in pregnancy, an additional intake of 2 mg NE/day was recommended; thus a PRI of 575 

15 mg/day for pregnancy was set. The German-speaking countries assumed that 1.3 mg preformed 576 

niacin and 2.8 mg NE from tryptophan are secreted with 0.75 L of milk per day. Therefore, an 577 

additional intake of 4 mg NE/day was recommended for lactating women; thus the PRI was set at 578 

17 mg/day. 579 

Considering the energy requirement for non-pregnant women and that of the entire pregnancy, the 580 

WHO/FAO (2004) calculated that the niacin requirement above that of non-pregnant women was 581 

308 mg NE (5.6 mg NE/4 184 kJ) for the entire pregnancy or 1.7 mg NE/day for the second and third 582 

trimester. In addition, about 2 mg NE/day was assumed to be required for growth in maternal and fetal 583 

compartments (IOM, 1998). Thus the PRI was set at 18 mg/day for pregnancy. WHO/FAO (2004) 584 

estimated that 1.4 mg preformed niacin is secreted daily with breast milk, and that an additional 585 

amount of less than 1 mg is required to support the energy expenditure of lactation. Hence, it was 586 

assumed that lactating women require an additional 2.4 mg NE/day. Thus, the PRI was set at 587 

17 mg/day. 588 

For pregnant women, Afssa (2001) advised an increase of 5 mg NE/day to meet the increased energy 589 

needs of pregnancy, recommending a PRI of 16 mg NE/day. Afssa also advised an increase of 590 

4 mg NE/day to cover the amount secreted with milk, proposing a PRI of 15 mg NE/day for lactating 591 

women. 592 

The Health Council of the Netherlands (2000) based its reference values on increased energy 593 

consumption (equivalent to 1 mg NE/day) and the growth of tissue in the mother and fetal 594 

compartments (2 mg NE/day). Using the factorial method, an AR of 12 mg NE/day and a PRI of 595 

17 mg NE/day were set. The Health Council of the Netherlands (2000) set an AR of 14 mg NE/day 596 

for lactating women based on the average daily loss of 2 mg/day of niacin in breast milk and increased 597 

energy needs for milk production equivalent to 3 mg NE/day, which were added to the AR for non-598 

lactating women. A PRI of 20 mg NE/day was set for lactating women. 599 

The IOM (1998) found no direct evidence to suggest a change in niacin requirement during pregnancy 600 

but estimated an increase of 3 mg NE/day (added to the EAR of non-pregnant women) to cover 601 

increased energy utilisation and growth of maternal and fetal compartments, especially during the 602 

second and third trimesters; thus, using a CV of 15 %, a PRI of 18 mg NE/day was set. The IOM 603 

estimated that 1.4 mg of preformed niacin is secreted daily during lactation. Therefore, along with an 604 

amount of 1 mg to cover the energy expenditure of milk production, an additional 2.4 mg NE/day was 605 

recommended for women exclusively breastfeeding, added to the EAR for non-lactating women and 606 

rounded down. 607 

The SCF (1993) concluded that there was no need for an increased niacin intake in pregnancy as the 608 

hormonal changes associated with pregnancy increased the efficiency of synthesis of nicotinamide 609 

nucleotides from tryptophan. The SCF considered an increase in intake of 2 mg NE/day to allow for 610 

the niacin secreted in milk. 611 
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The UK COMA (DH, 1991) concluded that it was unnecessary to increase niacin intake during 612 

pregnancy as the additional requirement would be met by changes in the metabolism of tryptophan 613 

(Wertz et al., 1958). Based on a preformed niacin concentration of 2.7 mg/L in mature human milk, 614 

the UK COMA recommended an increment of 2.3 mg NE/day in addition to the PRI for non-pregnant 615 

women. 616 

An overview of DRVs for niacin for pregnant and lactating women is presented in Table 3. 617 

Table 3:  Overview of Dietary Reference Values for niacin for pregnant women 618 

 NNR 

(2012) 

D-A-CH 

(2013) 

WHO/FAO 

(2004) 

Afssa 

(2001) 

NL 

(2000) 
(a)

 

IOM 

(1998)
 (b)

 

SCF 

(1993)
 
 

DH 

(1991) 

PRI for pregnancy 

(mg NE/day) 

17 15 
(c)

 18 16 17 18 1.6 
(d)

 1.6 
(d)

 

PRI for lactation 

(mg NE/day) 

20 17 17 15 20 17 + 2 + 2.3 

(a): Taken from the original Dutch table, not the English summary. 619 
(b): Age 14-50 years. 620 
(c): From four months.  621 
(d): Expressed as mg NE/MJ. 622 
NE: niacin equivalent.  623 
NL: Health Council of the Netherlands. 624 

5. Criteria (endpoints) on which to base Dietary Reference Values 625 

5.1. Indicators of niacin requirement  626 

5.1.1. Adults 627 

5.1.1.1. Pellagra 628 

In a depletion–repletion study on seven healthy men (23-39 years, n = 12 included, 5 drop-outs) 629 

(Jacob et al., 1989), all subjects received an initial diet containing about 10.5 MJ/day and 630 

19.6 mg NE/day for 13 days (1.9 mg NE/MJ or 7.8 mg NE/1 000 kcal), then consumed one of two 631 

―low‖ NE diets, either 6.1 mg NE/day (0.58 mg NE/MJ or 2.44 mg NE/1 000 kcal) or 10.1 mg NE/day 632 

(about 0.97 mg NE/MJ or 4 mg NE/1 000 kcal) for 35 days. Energy intakes were individually adjusted 633 

for maintenance of body weight. No signs of pellagra were observed in these subjects. 634 

Goldsmith et al. (1952) carried out a study in seven women with psychoneurosis (aged 25-54 years), 635 

who consumed either a ―corn‖ diet
12

, which provided daily 4.7 mg niacin, 190 mg tryptophan and 636 

8.4 MJ, thus about 0.94 mg NE/MJ (3.9 mg NE/1 000 kcal), or a ―wheat‖ diet, which provided daily 637 

5.7 mg niacin, 230 mg tryptophan and 7.9 MJ, thus about 1.2 mg NE/MJ (5 mg NE/1 000 kcal). The 638 

energy content of the diets was adjusted to meet the subjects’ energy requirements. In the first phase 639 

of the experiment on three subjects, no signs of pellagra were observed either on the corn diet (n = 2) 640 

for 40 and 42 days or on the wheat diet (n = 1) for 95 days. Three other subjects then followed the 641 

corn diet for 81, 135 and 111 days and all developed pellagra between 50 and 60 days, whereas a 642 

fourth subject who received the corn diet supplemented with 2 mg/day of nicotinamide for 122 days 643 

(i.e. about 1.2 mg NE/MJ or 5 mg NE/1 000 kcal) did not develop pellagra.  644 

Goldsmith et al. (1955) studied nine women and one man (aged 26-60 years, some of whom were 645 

psychiatric or neurology patients) who were given experimental diets for up to 135 days. The diets 646 

                                                      
12

 i.e. ―maize‖ in UK English. 



Dietary Reference Values for niacin 

 

EFSA Journal 2014;volume(issue):NNNN 19 

contained approximately 4.7 mg niacin and 190 mg tryptophan (―corn‖ diet) or approximately 5 mg 647 

niacin and 200 mg tryptophan (―wheat‖ diet) and about 8.4 MJ; thus, both diets provided 648 

0.94-0.99 mg NE/MJ (3.9-4.1 mg NE/1 000 kcal) per day. The energy content of the diets was 649 

adjusted to meet the subjects’ energy requirements. Three subjects followed the ―wheat‖ diet for 95 to 650 

105 days, six followed the ―corn diet‖ supplemented with nicotinamide to achieve total niacin intakes 651 

of 4.6 to 21.2 mg/day (each supplement administered for a period of 12 to 20 days and each subject 652 

studied at four to six levels of niacin intake) and one followed both (unsupplemented) diets 653 

alternating every 20 days for 80 days in total. One out of the three subjects on the wheat diet 654 

(0.99 mg NE/MJ or 4.1 mg NE/1 000 kcal) developed pellagra after 80 days and so did the subject on 655 

unsupplemented alternating diets. 656 

Horwitt et al. (1956) studied 40 male psychiatric patients (aged ≥ 30 years except for one subject) 657 

divided into five groups: one group (n = 9) consuming a general hospital diet (HD) ad libitum 658 

supplemented with 10 mg/day nicotinamide three times a week and four groups in which the subjects 659 

consumed, according to ―appetite, size and personal preference‖, 90 to 120 % of a basal diet 660 

containing 5.8 mg niacin and 265 mg tryptophan for 9.6 MJ, thus about 1.06 mg NE/MJ 661 

(4.5 mg NE/1 000 kcal). Among these four groups, two groups were supplemented with 2 mg/day 662 

riboflavin and either 10 mg/day nicotinamide (n = 7, at about 2.1 mg NE/MJ) or tryptophan (n = 8, 663 

50 mg/day for 10 weeks, i.e. about 1.15 mg NE/MJ, 100 mg/day afterwards, i.e. about 664 

1.24 mg NE/MJ). The original design of the study was respected for the first 37 weeks only. No signs 665 

of pellagra were observed in these patients. Horwitt et al. (1956) also compared their data on niacin 666 

and tryptophan requirements (n = 15 subjects, followed up to 87 weeks) with those (n = 20) from two 667 

other similar publications (Frazier and Friedemann, 1946; Goldsmith et al., 1952) and an unpublished 668 

source. The authors reported that this comparison showed that no signs of pellagra were observed in 669 

subjects consuming about 8.4-11.5 MJ and 9.2-12.3 mg NE, thus with an intake of about 1 mg NE/MJ 670 

(4.4 mg NE/1 000 kcal). Horwitt et al. also reported, based on this comparison, that signs of pellagra 671 

were observed in some subjects (from the other three data sources considered) consuming less than 672 

8.8 MJ and 7.4-8.2 mg NE or about 12.5 MJ and 12.2 mg NE, thus at an intake of about 673 

0.9-1 mg NE/MJ (3.7-4.1 mg NE/1 000 kcal), assuming an energy intake of 2 000 kcal for this 674 

calculation. It was thus considered that diets providing less than about 8.4 MJ (2 000 kcal) should 675 

provide at least 8.8 mg NE, the amount required on account of the role of niacin in catabolic and 676 

anabolic processes (Horwitt et al., 1956; Goldsmith, 1958). 677 

The Panel notes that, in these studies performed on heterogeneous groups of subjects, mostly patients 678 

for whom no alteration in energy metabolism and niacin requirements is assumed, symptoms of 679 

pellagra developed in subjects consuming less than about 1 mg NE/MJ for more than 80 days. The 680 

Panel also notes that, on the basis of its biochemical role and of the results of these studies, niacin 681 

requirement depends on energy intake, that intakes of about 1-1.2 mg NE/MJ (4.4-682 

5 mg NE/1 000 kcal) prevented the development of pellagra and that this relationship was established 683 

for diets that were designed to maintain subjects’ body weight. 684 

5.1.1.2. Urinary niacin metabolites 685 

The Panel considers urinary excretion of niacin metabolites, MNM and 2-Pyr, as a suitable criterion 686 

for deriving the requirement for niacin (see Section 2.3.1). 687 

In the depletion–repletion study of Jacob et al. (1989), a ―low‖ intake of 6.1 or 10.1 mg NE/day, i.e. 688 

below 1 mg NE/MJ, for 35 days resulted in a significant fall in urinary NMN excretion 689 

(0.80 ± 0.13 mg/day and 0.81 ± 0.14 mg/day, respectively) and 2-Pyr excretion (1.00 ± 0.05 mg/day 690 

and 3.10 ± 0.71 mg/day, respectively) compared with the excretion of these metabolites on the initial 691 

diet (19.6 mg NE/day, about 1.9 mg NE/MJ), while no symptoms of pellagra were observed. After 692 

two weeks on a ―repletion‖ diet containing 19.2 mg NE/day (1.8 mg NE/MJ or 693 

7.68 mg NE/1 000 kcal), a significant increase in urinary NMN excretion (1.82 ± 0.08 mg/day) 694 
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compared with the ―low‖ diets was observed, while urinary 2-Pyr excretion was 6.25 ± 0.40 mg/day 695 

and thus six-fold (p < 0.05) or two-fold (p > 0.05) higher compared with the intakes of 6.1 or 696 

10.1 mg NE/day, respectively. Urinary 2-Pyr excretion over four hours after an oral dose of 697 

nicotinamide was significantly greater during the initial period of 19.6 mg NE/day compared with that 698 

at the end of the ―depletion‖ period (intakes of 6.1 or 10.1 mg NE/day) and of the ―repletion‖ period 699 

(intake of 19.2 mg NE/day). The authors stated that the last difference may reflect an incomplete 700 

repletion of niacin body stores. 701 

In the first phase of the experiment of Goldsmith et al. (1952), during which no signs of pellagra were 702 

observed, mean urinary NMN concentrations decreased in both subjects on the corn diet 703 

(0.9-1.2 mg/day during the last two weeks) and in the subject on the wheat diet (1.1 mg/day during the 704 

last 33 days), and urinary excretion of 2-Pyr decreased in all three subjects to undetectable 705 

concentrations after the first two weeks. In the second phase of this experiment, urinary NMN 706 

excretion decreased to 0.5-0.7 mg/day in all three subjects who developed pellagra on the corn diet 707 

(providing less than about 1 mg NE/MJ) and to 0.9 mg/day in the supplemented subject on the corn 708 

diet without pellagra (i.e. receiving about 1.2 mg NE/MJ), while urinary excretion of 2-Pyr decreased 709 

to undetectable concentrations in all four subjects.  710 

In all three subjects on the wheat diet (providing less than about 1 mg NE/MJ) (Goldsmith et al., 711 

1955), urinary NMN excretion decreased gradually around the 80
th
 day down to 0.6-0.8 mg/day while 712 

2-Pyr excretion decreased to concentrations of about 0.3-0.7 mg/day, but only one subject developed 713 

pellagra. In the subjects supplemented with nicotinamide to achieve total niacin intakes of 4.6 to 714 

21.2 mg/day, the relationship between niacin intakes and urinary excretion of niacin metabolites was 715 

found to differ between niacin intakes up to about 8-10 mg/day and intakes above: about 0.2 mg/day 716 

of metabolites were excreted per each additional mg of niacin up to the intake of 8-10 mg/day above 717 

which the excretion significantly increased to 0.6 mg of metabolites per each additional mg of niacin 718 

intake.  719 

The Panel notes that an intake of at least 8 mg niacin in addition to the tryptophan intake from the diet 720 

(about 200 mg), i.e. an intake of at least 11 mg NE/day, which corresponds to 1.3 mg NE/MJ (about 721 

5.5 mg NE/1 000 kcal), was sufficient to prevent depletion and maintain niacin body stores as 722 

indicated by a sharp increase in urinary excretion of niacin metabolites above this intake. The Panel 723 

also notes that diets providing less than about 1 mg NE/MJ (about 4.4 mg NE/1 000 kcal) are 724 

insufficient to maintain niacin body stores as indicated by significantly lower urinary excretion of  725 

2-Pyr after oral nicotinamide dose tests.  726 

5.1.2. Conclusions on indicators of niacin requirement in adults 727 

Based on the two papers by Goldsmith et al. (1952; 1955) using urinary niacin metabolites excretion 728 

as an endpoint, an intake of 1.3 mg NE/MJ (about 5.5 mg NE/1 000 kcal) was sufficient to cover the 729 

requirement for niacin. The available data (Goldsmith et al., 1952; Goldsmith et al., 1955; Horwitt et 730 

al., 1956; Jacob et al., 1989) also show that intakes below about 1 mg NE/MJ (about 731 

4.4 mg NE/1 000 kcal) are insufficient to maintain niacin body stores. No new pertinent data have 732 

been published since then and the other markers of niacin intake/status cannot be used as criteria for 733 

deriving DRVs for niacin (see Section 2.3).  734 

The Panel concludes that there are no new data to amend the DRVs for niacin (expressed in mg 735 

NE/MJ) proposed by the SCF in 1993. 736 
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5.1.3. Infants 737 

The Panel is unaware of any data in infants aged 7-11 months on indicators of niacin requirement. 738 

There is no evidence that the relationship between niacin requirement and energy requirement in 739 

infants aged 7-11 months differs from that of adults.  740 

5.1.4. Children 741 

The Panel is unaware of any data in children on indicators of niacin requirement. There is no evidence 742 

that the relationship between niacin requirement and energy requirement in children differs from that 743 

of adults.  744 

5.1.5. Pregnancy 745 

The Panel is unaware of any data in pregnant women on indicators of niacin requirement. There is no 746 

evidence that the relationship between niacin requirement and energy requirement in pregnancy 747 

differs from that of non-pregnant women. 748 

5.1.6. Lactation 749 

The Panel is unaware of any data in lactating women on indicators of niacin requirement. There is no 750 

evidence that the relationship between niacin requirement and energy requirements in lactation differs 751 

from that of non-lactating women. 752 

5.2. Niacin intake and health consequences 753 

A comprehensive search of the literature published between January 1990 and January 2012 was 754 

performed as preparatory work to this assessment in order to identify new data on relevant health 755 

outcomes upon which DRVs for niacin may potentially be based (Eeuwijk et al., 2012).  756 

No intervention studies are available on niacin intake and health outcomes. The relationship between 757 

niacin intakes and chronic disease outcomes has been investigated in observational (case–control, 758 

cross–sectional, prospective cohort) studies, where an association between niacin intake and disease 759 

outcomes might be confounded by uncertainties inherent in the methodology used for the assessment 760 

of niacin intakes and by the effect of other dietary, lifestyle or undefined factors on the health or 761 

disease outcomes investigated. 762 

No association was found between niacin intake and all-cause mortality (Huang et al., 2012); breast, 763 

endometrial, ovarian, colorectal and lung cancer (Sellers et al., 2001; Shin et al., 2006; Kabat et al., 764 

2008; Shrubsole et al., 2011); cognitive function (Morris et al., 2004; Woo et al., 2006); pneumonia 765 

(Neuman et al., 2007); ovulatory infertility and premenstrual syndrome (Chocano-Bedoya et al., 766 

2011); and overactive bladder syndrome (Dallosso et al., 2004; Neuman et al., 2007; Chavarro et al., 767 

2008; Chocano-Bedoya et al., 2011; Huang et al., 2012). Conflicting results were observed in relation 768 

to maternal niacin intake and infant birth weight (Weigel et al., 1991; Lagiou et al., 2005). 769 

Associations between niacin intake and prevalence of nuclear cataract (Cumming et al., 2000) and 770 

genome stability (Fenech et al., 2005) were reported; however, similar associations with a number of 771 

other nutrients were noted. 772 

The Panel considers that the data available on niacin intake and health outcomes cannot be used for 773 

deriving DRVs for niacin. 774 
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6. Data on which to base Dietary Reference Values 775 

The Panel notes that, since the publication of the SCF report in 1993, no new scientific data have 776 

become available that would necessitate an amendment of the AR and PRI for niacin. The Panel 777 

therefore endorses the relationship proposed by the SCF (1993) between niacin requirement and 778 

energy requirement. Niacin requirement is expressed in NE as the sum of preformed niacin plus that 779 

provided by endogenous synthesis from tryptophan, by energy unit. Taking into account the reference 780 

energy intake, i.e. the AR for energy, the intake of NE can be expressed as mg NE/day 781 

(Appendices G–J). The ARs for energy for various Physical Activity Levels (PAL values) can be 782 

found in the Scientific Opinion on Dietary Reference Values for energy (EFSA NDA Panel, 2013). 783 

The Panel notes that, as for other nutrient reference values, DRVs for niacin are set under the 784 

assumption that intakes of other essential nutrients, particularly iron, riboflavin, vitamin B6 and 785 

protein, and energy are adequate.  786 

6.1. Adults 787 

In the absence of new scientific data, the Panel endorses the AR for adults (men and women) adopted 788 

by the SCF (1993) and set at 1.3 mg NE/MJ. The Panel decides to apply the same CV of 10 % as the 789 

SCF (1993) and also endorses the PRI of 1.6 mg NE/MJ (6.6 mg NE/1 000 kcal). The PRIs in 790 

mg NE/day are presented in Appendix G. 791 

6.2. Infants 792 

For infants aged 7-11 months, the Panel considers that there is no evidence that the relationship 793 

between niacin requirement and energy requirement differs from that of adults. Therefore, for infants, 794 

the AR and PRI (expressed as mg NE/MJ) for adults are applied. The PRI in mg NE/day is presented 795 

in Appendix H.  796 

6.3. Children 797 

The Panel considers that there is no evidence that the relationship between niacin requirement and 798 

energy requirement in children and adolescents differs from that of adults. Therefore, for children and 799 

adolescents, the AR and PRI (expressed as mg NE/MJ) for adults are applied. The PRIs in mg NE/day 800 

are presented in Appendix I.  801 

6.4. Pregnancy 802 

The Panel considers that there is no evidence that the relationship between niacin requirement and 803 

energy requirement in pregnancy differs from that of other adults. The Panel notes that the energy 804 

requirement in pregnant women is increased (0.29 MJ/day, 1.1 MJ/day and 2.1 MJ/day, for the first, 805 

second and third trimesters, respectively) (EFSA NDA Panel, 2013). The PRI in mg NE/day is 806 

increased proportionally compared with that in non-pregnant women, as presented in Appendix J. 807 

6.5. Lactation 808 

The Panel considers that there is no evidence that the relationship between niacin requirement and 809 

energy requirement in lactating women differs from that of other adults. The Panel notes that the 810 

energy requirement in lactation is increased by 2.1 MJ/day (EFSA NDA Panel, 2013). No 811 

compensation is considered for the amount secreted in breast milk, since it is already covered by this 812 

extra requirement based on energy. The PRI in mg NE/day is increased compared with that in non-813 

lactating women, as presented in Appendix J.  814 
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CONCLUSIONS 815 

The Panel concludes that no new scientific data have become available to change the Population 816 

Reference Intake (PRI) for niacin set by the SCF in 1993, and endorses the PRI at 1.6 mg NE/MJ for 817 

all population groups.  818 

Table 4:  Summary of Dietary Reference Values for niacin 819 

Age PRI 

(mg NE/MJ) 

7 months to ≥ 18 years 
(a)

 1.6 

(a): including pregnancy and lactation. 820 
NE: niacin equivalent (1 mg niacin = 1 niacin equivalent = 60 mg dietary tryptophan). 821 

RECOMMENDATIONS FOR RESEARCH 822 

Future studies should investigate indicators of niacin requirement in infants aged 7-11 months, 823 

children, and pregnant and lactating women.  824 
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APPENDICES 1098 

Appendix A.  Niacin content of human milk from healthy mothers 1099 

Reference 

 

Number of 

women (number 

of samples) 

Country Stage of 

lactation 

Niacin 

concentration 

(mg/L) 

Form of 

niacin 

analysed 

    mean range  

Ford et al. (1983) 
(a)

 35 UK 1-5 days 0.50 0.30-0.91 Nicotinic acid 

   6-15 days 1.42 0.26-3.00  

   16-244 days 1.82 1.20-2.80  

DHSS (1977) 
(a, b)

  35 UK 14-16 days 2.3 - Nicotinic acid 

(a) Supplementation status unknown (not reported). 1100 
(b) As reported by Ford et al. (1983) and Prentice et al. (1983). 1101 
 1102 
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Appendix B.  Dietary surveys from the Comprehensive database updated dataset included in the nutrient intake calculation for niacin 1103 

Country 
Dietary survey 

(Year) 
Year Method Days Number of subjectsb 

  
   

Children 

≥ 1-< 3 

years  

Children  

≥ 3-< 10 

years  

Adolescents 

≥ 10-< 18 

years  

Adults 

≥ 18-< 65 

years  

Adults 

≥ 65-< 75 

years  

Adults 

≥ 75 

years  

Finland/1 DIPP 2000-2010 Dietary record 3 999 750     

Finland/2 NWSSP 2007-2008 
48-hour dietary 

recall (a) 
2 (a)     306    

Finland/3 FINDIET2012 2012 
48-hour dietary 

recall (a) 
2x2 (a)    1 295 413  

Germany/1 EsKiMo 2006 Dietary record 3  835   393    

Germany/2 VELS 2001-2002 Dietary record 6 505 293     

Ireland NANS 2008-2010 Dietary record 4    1 274 149   77 

Italy 
INRAN-SCAI 2005-

06 
2005-2006 Dietary record 3   36 (b) 193   247 2 313 290 228 

Latvia 
FC_PREGNANTW

OMEN 2011 
2011 

24-hour dietary 

recall 
2       12 (b)    991 (c)   

Netherlands VCPBasis_AVL 2007-2009 
24-hour dietary 

recall 
2  447 1 142 2 057 173  

United 

Kingdom 

NDNS - 

Rolling Programme 

(1-3 years) 

2008-2011 Dietary record 4 185 651   666 1 266 166 139 

(a): A 48-hour dietary recall comprising two consecutive days. 1104 
(b): 5th or 95th percentile intakes calculated over a number of subjects lower than 60 require cautious interpretation as the results may not be statistically robust (EFSA, 2011b) and therefore for 1105 

these dietary surveys/age classes the 5th and 95th percentile estimates will not be presented in the intake results. 1106 
(c): One subject was excluded from the dataset due to only one 24-hour dietary recall day being available, i.e. the final n = 990. 1107 
 1108 

1109 
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Appendix C.  Total niacin intakes among males in different surveys according to age classes and country (NE, mg/day) 1110 

Age class Country Survey N Average Intake P5 Intake P50 Intake P95 

Boys ≥ 1-< 3 years  Finland DIPP    492 12.8   1.5 12.3 25.5 

 
Germany VELS    257 11.6   5.3 11.3 19.7 

 
Italy INRAN_SCAI_2005_06      20 20.8 (a) 20.7 (a) 

 
United Kingdom NDNS-RollingProgramme (1-3 years)    107 18.0 11.5 17.7 26.7 

Boys ≥ 3-< 10 years  Finland DIPP    381 23.8 15.0 23.1 35.2 

 
Germany EsKiMo    426 25.4 16.7 24.5 36.7 

 
Germany VELS    146 15.7 10.1 15.6 21.7 

 
Italy INRAN_SCAI_2005_06      94 35.2 16.8 34.2 54.2 

 
Netherlands VCPBasis_AVL2007_2    231 27.2 15.5 25.7 44.0 

 
United Kingdom NDNS-RollingProgramme (1-3 years)    326 23.5 13.5 22.8 34.5 

Boys ≥ 10-< 18 years  Finland NWSSP07_08    136 34.7 20.8 33.1 50.2 

 
Germany EsKiMo    197 27.8 17.3 26.3 44.1 

 
Italy INRAN_SCAI_2005_06    108 47.6 27.1 45.0 73.3 

 
Netherlands VCPBasis_AVL2007_2    566 37.9 20.5 34.9 64.0 

 
United Kingdom NDNS-RollingProgramme (1-3 years)    340 32.1 17.7 31.1 49.2 

Men ≥ 18-< 65 years  Finland FINDIET2012    585 42.3 22.1 41.0 67.3 

 
Ireland NANS_2012    634 54.6 31.9 53.2 80.6 

 
Italy INRAN_SCAI_2005_06 1 068 48.5 28.9 46.9 73.2 

 
Netherlands VCPBasis_AVL2007_2 1 023 49.5 27.2 46.4 82.1 

 
United Kingdom NDNS-RollingProgramme (1-3 years)    560 40.6 20.6 38.8 63.6 

Men ≥ 65-< 75 years  Finland FINDIET2012    210 35.6 20.0 34.6 56.3 

 
Ireland NANS_2012      72 45.7 23.8 45.3 70.3 

 
Italy INRAN_SCAI_2005_06    133 48.0 25.2 47.5 70.7 

 
Netherlands VCPBasis_AVL2007_2      91 43.3 25.7 41.9 63.7 

 
United Kingdom NDNS-RollingProgramme (1-3 years)      75 38.2 11.9 38.2 55.9 

Men ≥ 75 years  Ireland NANS_2012      34 41.5 (a) 42.7 (a) 

 
Italy INRAN_SCAI_2005_06      69 45.6 29.6 41.6 66.8 

 
United Kingdom NDNS-RollingProgramme (1-3 years)      56 32.1 (a) 30.3 (a) 

(a): 5th or 95th percentile intakes calculated over a number of subjects lower than 60 require cautious interpretation as the results may not be statistically robust (EFSA, 2011b) and therefore for 1111 
these dietary surveys/age classes the 5th and 95th percentile estimates were not be presented in the intake results. 1112 

1113 
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Appendix D.  Total niacin intakes among females in different surveys according to age classes and country (NE, mg/day) 1114 

Age class Country Survey N Average Intake P5 Intake P50 Intake P95 

 

Girls ≥ 1-< 3 years  Finland DIPP    507 12.7   1.2 12.7 26.3 

 

Germany VELS    248 10.6   4.4 10.2 16.9 

 

Italy INRAN_SCAI_2005_06      16 18.3 (a) 16.2 (a) 

 

United Kingdom NDNS-RollingProgramme (1-3 years)      78 16.9 10.7 17.3 23.6 

Girls ≥ 3-< 10 years  Finland DIPP    369 21.0 13.2 20.6 30.5 

 

Germany EsKiMo    409 23.0 14.5 22.0 35.4 

 

Germany VELS    147 14.4   9.7 14.0 19.7 

 

Italy INRAN_SCAI_2005_06      99 33.8 17.8 33.0 47.8 

 

Netherlands VCPBasis_AVL2007_2    216 25.7 15.7 24.5 41.0 

 

United Kingdom NDNS-RollingProgramme (1-3 years)    325 21.8 12.7 21.4 31.5 

Girls ≥ 10-< 18 years  Finland NWSSP07_08    170 26.1 15.8 24.8 39.1 

 

Germany EsKiMo    196 25.5 16.5 25.1 36.5 

 

Italy INRAN_SCAI_2005_06    139 38.1 21.4 37.5 56.1 

 

Latvia FC_PREGNANTWOMEN_2      12 36.6 (a) 33.3 (a) 

 

Netherlands VCPBasis_AVL2007_2    576 29.9 16.5 28.5 48.7 

 

United Kingdom NDNS-RollingProgramme (1-3 years)    326 26.2 14.6 25.6 40.6 

Women ≥ 18-< 65 years  Finland FINDIET2012    710 30.9 18.5 30.0 47.1 

 

Ireland NANS_2012    640 36.1 21.3 35.9 53.9 

 

Italy INRAN_SCAI_2005_06 1 245 39.5 23.7 38.7 58.2 

 

Latvia FC_PREGNANTWOMEN_2    990 37.9 21.2 36.1 61.2 

 

Netherlands VCPBasis_AVL2007_2 1 034 35.0 18.9 33.5 54.5 

 

United Kingdom NDNS-RollingProgramme    706 29.8 15.4 29.2 46.4 

Women ≥ 65-< 75 years  Finland FINDIET2012    203 27.4 14.9 26.1 42.9 

 

Ireland NANS_2012      77 35.4 21.7 36.6 47.6 

 

Italy INRAN_SCAI_2005_06    157 38.1 19.1 37.9 54.9 

 

Netherlands VCPBasis_AVL2007_2      82 32.3 19.0 30.7 48.9 

 

United Kingdom NDNS-RollingProgramme (1-3 years)      91 30.2 19.8 29.7 41.2 

Women ≥ 75 years  Ireland NANS_2012      43 34.1 (a) 31.3 (a) 

 

Italy INRAN_SCAI_2005_06    159 36.8 21.1 36.8 54.7 

 

United Kingdom NDNS-RollingProgramme (1-3 years)      83 28.1 17.3 28.2 38.4 

(a): 5th or 95th percentile intakes calculated over a number of subjects lower than 60 require cautious interpretation as the results may not be statistically robust (EFSA, 2011b)and therefore for 1115 
these dietary surveys/age classes the 5th and 95th percentile estimates will not be presented in the intake results. 1116 

(b): Pregnant women only. 1117 

1118 
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Appendix E.  Minimum and maximum percentage contribution of different FoodEx2 level1 food groups to niacin intakes among males 1119 

Food groups Children 

≥ 1-< 3 years  

Children 

≥ 3-< 10 years  

Adolescents 

≥ 10-< 18 years  

Adults 

≥ 18-< 65 years  

Adults 

≥ 65-< 75 years  

Adults 

≥ 75 years  

Additives, flavours, baking and processing aids < 0.1 - 0.6 0 - 0.8 0 - 1.2 0 - 0.2 0 0 

Alcoholic beverages < 0.1 < 0.1 < 0.1 - 1.8 0.2 - 7.6 0.3 - 5.6 0.3 - 3.4 

Animal and vegetable fats and oils < 0.1 - 0.2 < 0.1 - 0.3 < 0.1 - 0.2 < 0.1 - 0.1 < 0.1 - 0.2 < 0.1 - 0.3 

Coffee, cocoa, tea and infusions < 0.1 - 0.2 0.3 - 1.3 0.7 - 1.9 2.5 - 11.2 3.8 - 10.9 3.4 - 9.4 

Composite dishes 0.5 - 11.1 0.2 - 10.7 0.5 - 13.1 0.3 - 10.7 0.6 - 8.9 0.5 - 10.1 

Eggs and egg products 0.3 - 2.6 0.5 - 3.8 0.3 - 2.8 0.4 - 2 0.6 - 2 0.9 - 1.8 

Fish, seafood, amphibians, reptiles and invertebrates 1.5 - 7.2 1.3 - 6.9 1.2 - 5.8 2.3 - 6.8 3.5 - 9.2 5.1 - 9.1 

Food products for young population 1.1 - 8.5 < 0.1 - 0.4 0.1 < 0.1 - - 

Fruit and fruit products 3.2 - 6.2 1.5 - 3.8 0.9 - 2.2 0.8 - 1.6 1.4 - 2.4 1.2 - 2.5 

Fruit and vegetable juices and nectars 0.4 - 3.5 1.7 - 5 1.2 - 6.7 0.5 - 1.5 0.3 - 1.3 0.1 - 1.5 

Grains and grain-based products 10.6 - 28.6 13.2 - 33.2 13.9 - 35.4 13.2 - 31.1 13.5 - 31.4 24.3 - 35 

Legumes, nuts, oilseeds and spices 0.5 - 2 0.8 - 3.3 0.6 - 3.3 0.7 - 3.4 0.5 - 3 0.4 - 1.2 

Meat and meat products 16.3 - 25.9 22.1 - 33.8 26 - 37.4 27.6 - 35.8 26.4 - 33.7 25.4 - 30.7 

Milk and dairy products 21.1 - 38.8 12 - 29.6 9.1 - 22.3 7.1 - 13.9 6.7 - 12.9 7 - 9.8 

Products for non-standard diets, food imitates and 

food supplements or fortifying agents 
0 - 0.1 0 - 0.6 < 0.1 - 0.5 < 0.1 - 0.3 < 0.1 - 0.3 0 - 0.1 

Seasoning, sauces and condiments 0.1 - 1.5 0.1 - 1.2 0.1 - 1.1 0.1 - 0.9 0.1 - 1 0.1 - 2 

Starchy roots or tubers and products thereof, sugar 

plants 
2.7 - 7.8 2.7 - 10.4 2.5 - 11.5 2.6 - 8.1 2.9 - 6.5 3.8 - 6.8 

Sugar, confectionery and water-based sweet desserts <0.1 - 1.2 0.3 - 2.4 0.2 - 2.3 0.1 - 0.5 0.1 - 0.3 < 0.1 - 0.2 

Vegetables and vegetable products 2.5 - 5.2 2.2 - 4.1 2 - 4.9 2.1 - 5.5 2.4 - 5.3 2.7 - 5.5 

Water and water-based beverages 0 - 0.1 < 0.1 - 0.8 < 0.1 - 4.5 < 0.1 - 2.6 < 0.1 - 0.5 < 0.1 - 0.5 

 1120 
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Appendix F.  Minimum and maximum percentage contribution of different FoodEx2 level1 food groups to niacin intakes among females 1122 

Food groups Children 

≥ 1-< 3 

years  

Children 

≥ 3-< 10 

years  

Adolescents 

≥ 10-< 18 

years  

Adults 

≥ 18-< 65 

years  

Adults 

≥ 65-< 75 

years  

Adults 

≥ 75 years  

Additives, flavours, baking and processing aids 0 - 0.4 0 - 0.8 0 - 1.3 0 - 0.2 0 0 

Alcoholic beverages < 0.1 < 0.1 < 0.1 - 0.2 < 0.1 - 2 0.1 - 1.1 0.1 - 0.5 

Animal and vegetable fats and oils < 0.1 - 0.2 < 0.1 - 0.2 < 0.1 - 0.2 < 0.1 - 0.1 < 0.1 - 0.2 < 0.1 - 0.3 

Coffee, cocoa, tea and infusions < 0.1 - 0.2 0.3 - 1.3 0.9 - 4 4 - 12.1 4.6 - 12.9 5.2 - 9.1 

Composite dishes 0.4 - 9.7 0.2 - 10.9 0.7 - 13.7 0.5 - 10.2 0.6 - 11 0.5 - 9.8 

Eggs and egg products 0.4 - 3 0.5 - 4.4 0.3 - 2.8 0.6 - 1.9 0.9 - 1.8 1 - 2.1 

Fish, seafood, amphibians, reptiles and invertebrates 1.2 - 10.5 0.7 - 5.9 1.1 - 7.6 3.1 - 7.8 3.5 - 8 5.2 - 8.9 

Food products for young population 1.3 - 7.4 0 - 0.3 < 0.1 - 0.1 < 0.1 - <0.1 

Fruit and fruit products 2.8 - 5.7 1.5 - 4 1.2 - 3.6 1.3 - 2.8 1.9 - 3.5 1.8 - 3.2 

Fruit and vegetable juices and nectars 0.4 - 3.3 1.1 - 5.4 0.8 - 5.9 0.4 - 1.8 0.3 - 1.8 0.6 - 3.3 

Grains and grain-based products 10.5 - 30.5 13.8 - 32.8 16.1 - 32.9 15.7 - 28.8 16.5 - 30 
25.3 - 

34.6 

Legumes, nuts, oilseeds and spices 0.5 - 1.8 0.9 - 2.5 0.7 - 2.6 0.8 - 2.6 1 - 2.3 0.7 - 1.2 

Meat and meat products 18.3 - 21.4 20.9 - 31.1 26 - 33.6 26.1 - 34.2 24.8 - 33 21.5 - 34 

Milk and dairy products 18.4 - 44 11.6 - 30.8 8.7 - 22.6 8.2 - 16.4 9 - 14.7 8.7 - 11.3 

Products for non-standard diets, food imitates and 

food supplements or fortifying agents 
0 - 0.1 0 - 0.7 < 0.1 - 0.6 < 0.1 - 0.8 0 - 0.4 0 - 0.5 

Seasoning, sauces and condiments 0.1 - 0.9 0.2 - 1.1 0.1 - 1.2 0.1 - 1.2 0.1 - 1.3 0.1 - 0.9 

Starchy roots or tubers and products thereof, sugar 

plants 
3 - 6.8 3.1 - 11.4 3.2 - 11.3 3 - 7.2 3.4 - 6.3 3.2 - 5.3 

Sugar, confectionery and water-based sweet desserts < 0.1 - 1.2 0.3 - 2.3 0.3 - 2.4 0.1 - 1.3 0.1 - 0.4 0.1 - 0.5 

Vegetables and vegetable products 2.5 - 5.6 2.1 - 4.5 2.3 - 4.9 2.7 - 5.9 3.5 - 6.4 3.9 - 5.1 

Water and water-based beverages 0 - 0.1 < 0.1 - 0.6 0 - 3.7 < 0.1 - 1.7 < 0.1 - 0.5 < 0.1 
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Appendix G.  Summary of the Population Reference Intakes (PRIs) for niacin for adults 1124 

expressed in mg NE/day 1125 

Age  PRI at PAL = 1.4 

(mg NE/day)
 (a)

 

PRI at PAL = 1.6 

(mg NE/day) 
(a)

 

PRI at PAL = 1.8 

(mg NE/day) 
(a)

 

PRI at PAL = 2.0 

(mg NE/day) 
(a)

 

 Men Women  Men Women  Men Women  Men Women  

18-29 years 15.3 12.3 17.4 14.0 19.6 15.8 21.8 17.5 

30-39 years 14.8 11.8 16.9 13.5 19.0 15.2 21.1 16.9 

40-49 years 14.6 11.7 16.7 13.4 18.7 15.1 20.8 16.8 

50-59 years 14.4 11.6 16.4 13.3 18.5 15.0 20.6 16.6 

60-69 years 13.2 10.6 15.0 12.1 16.9 13.7 18.8 15.2 

70-79 years 12.9 10.5 14.8 12.0 16.6 13.5 18.5 15.0 

(a): The ARs for niacin in mg NE/day were calculated from the AR for niacin of 1.3 mg NE/MJ using the ARs for energy for 1126 
adults according to the Scientific Opinion on Dietary Reference Values for energy (EFSA NDA Panel, 2013), and the 1127 
PRIs were calculated assuming a CV of 10 %. 1128 

PAL: physical activity level. 1129 
 1130 

Appendix H.  Summary of the Population Reference Intakes (PRIs) for niacin for infants aged 1131 

7-11 months expressed in mg NE/day  1132 

Age PRI (mg NE/day) 
(a)

 

 Boys Girls 

  7 months 4.2 3.7 

  8 months 4.4 3.9 

  9 months 4.5 4.0 

10 months 4.7 4.2 

11 months 4.8 4.4 

(a): The ARs for niacin in mg NE/day were calculated from the AR for niacin of 1.3 mg NE/MJ using the ARs for energy for 1133 
infants aged 7-11 months according to the Scientific Opinion on Dietary Reference Values for energy (EFSA NDA 1134 
Panel, 2013), and the PRIs were calculated assuming a CV of 10 %. 1135 
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Appendix I.  Summary of the Population Reference Intakes (PRIs) for niacin for children and 1137 

adolescents expressed in mg NE/day 1138 

Age  PRI at PAL = 1.4 

(mg NE/day)
 (a)

 

PRI at PAL = 1.6 

(mg NE/day) 
(a)

 

PRI at PAL = 1.8 

(mg NE/day) 
(a)

 

PRI at PAL = 2.0 

(mg NE/day) 
(a)

 

 Boys Girls Boys Girls Boys Girls Boys Girls 

1 year   5.1   4.6       

2 years   6.7   6.2       

3 years   7.7   7.2       

4 years   8.2   7.6   9.4   8.7 10.5   9.8   

5 years   8.7   8.1   9.9   9.2 11.2 10.4   

6 years   9.2   8.6 10.5   9.8 11.8 11.0   

7 years   9.8   9.1 11.2 10.4 12.6 11.7   

8 years 10.4   9.6 11.9 11.0 13.4 12.4   

9 years 11.0 10.2 12.6 11.7 14.1 13.1   

10 years   12.6 11.9 14.2 13.4 15.8 13.4 

11 years   13.3 12.5 15.0 14.0 16.7 14.0 

12 years   14.2 13.1 16.0 14.7 17.7 14.7 

13 years   15.2 13.7 17.1 15.4 19.0 15.4 

14 years   16.4 14.2 18.5 16.0 20.5 16.0 

15 years   17.6 14.5 19.8 16.4 22.0 16.4 

16 years   18.6 14.7 20.9 16.6 23.2 16.6 

17 years   19.2 14.9 21.6 16.7 24.0 16.7 

(a): The ARs for niacin in mg NE/day were calculated from the AR for niacin of 1.3 mg NE/MJ using the AR for energy for 1139 
children and adolescents according to the Scientific Opinion on Dietary Reference Values for energy (EFSA NDA 1140 
Panel, 2013), and the PRIs were calculated assuming a CV of 10 %. 1141 

PAL: physical activity level. 1142 
 1143 

Appendix J.  Summary of Population Reference Intakes (PRIs) for niacin for pregnant and 1144 

lactating women (in addition to the PRI for non-pregnant non-lactating women) expressed 1145 

in mg NE/day 1146 

 PRI 
(a) 

(mg NE/day) 

Pregnant women  

1
st
 trimester + 0.5 

2
nd

 trimester + 1.7 

3
rd

 trimester + 3.3 

Lactating women  

0-6 months post partum + 3.3 

(a): The additional ARs for niacin in mg NE/day were calculated from the AR for niacin of 1.3 mg NE/MJ using the 1147 
additional AR for energy for pregnancy or lactation according to the Scientific Opinion on Dietary Reference Values for 1148 
energy (EFSA NDA Panel, 2013), and the PRIs (to be added to the PRI for non-pregnant non-lactating women) were 1149 
calculated assuming a CV of 10 %. 1150 
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ABBREVIATIONS 1151 

2-Pyr N-methyl-2-pyridone-5-carboxamide 

4-Pyr N-methyl-4-pyridone-3-carboxamide 

Afssa Agence française de sécurité sanitaire des aliments 

AI Adequate Intake 

AR Average Requirement 

COMA Committee on Medical Aspects of Food Policy 

D-A-CH Deutschland—Austria—Confoederatio Helvetica 

DIPP Diabetes Prediction and Prevention Nutrition Study (DIPP) 

DNA Deoxyribonucleic acid 

DH Department of Health 

DRV Dietary Reference Value  

EAR Estimated Average Requirement 

EC European Commission 

EFSA European Food Safety Authority 

EsKiMo Ernährungsstudie als KiGGS-Modul  

EU European Union 

FAO Food and Agriculture Organization 

FFQ Food Frequency Questionnaire 

FINDIET The National Dietary Survey of Finland 

hOAT10 Human organic anion transporter 10 

INRAN Istituto Nazionale di Ricerca per gli Alimenti e la Nutrizione 

IOM U.S. Institute of Medicine of the National Academy of Sciences 

LTI Lowest Threshold Intake 

NE Niacin equivalent 

NAD Nicotinamide adenine dinucleotide 

NADH Reduced nicotinamide adenine dinucleotide 
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NADP Nicotinamide adenine dinucleotide phosphate 

NADPH Reduced nicotinamide adenine dinucleotide phosphate 

NANS National Adult Nutrition Survey  

NDNS National Diet and Nutrition Survey 

NE Niacin equivalent 

NL Health Council of the Netherlands 

NMN N-methyl-nicotinamide 

NNR Nordic Nutrition Recommendations 

NOAEL No Observed Adverse Effect Level 

NWSSP Nutrition and Wellbeing of Secondary School Pupils 

PAL Physical activity level  

PRI Population Reference Intake 

RDA Recommended Dietary Allowance 

RI Recommended Intake 

SCAI Studio sui Consumi Alimentari in Italia 

SCF Scientific Committee for Food 

UL Tolerable Upper Intake Level 

VCP Voedselconsumptiepeiling 

VELS Verzehrsstudie zur Ermittlung der Lebensmittelaufnahme von 

Säuglingen und Kleinkindern für die Abschätzung eines akuten 

Toxizitätsrisiko durch Rückstände von Pflanzenschutzmitteln 

WHO World Health Organization 
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