food & nutrition L

research

REVIEW ARTICLE

Niacin — a scoping review for Nordic Nutrition

Recommendations 2023

Riitta Freese'* and Vegard Lysne?

'Department of Food and Nutrition, University of Helsinki, Helsinki, Finland; ZNorwegian Institute of Public Health,

Oslo, Norway

Popular scientific summary
roles in numerous biochemical reactions in the body.

high in niacin

and death.

diseases

* Niacin, also known as vitamin B,, includes nicotinic acid and nicotinamide, which have essential
* Meat (beef, poultry), fish, dairy, legumes (including peanuts), some cereals, and baker’s yeast are

* The main indicator of niacin status in adults is the urinary excretion of niacin metabolites
* The classical niacin deficiency disease, pellagra, is characterized by diarrhea, dermatitis, dementia,

 Niacin is currently of pharmacological interest for potential prevention or treatment of metabolic

Abstract

Niacin is the precursor to pyridine nucleotides NAD (nicotinamide adenine dinucleotide) and NADP (nicotin-
amide adenine dinucleotide phosphate). Niacin (vitamin B,) is the common term for nicotinic acid, nicotinamide
and derivatives that exhibit the biological activity of nicotinamide. Furthermore, the indispensable amino acid
tryptophan is the substrate for de novo synthesis of NAD. Thus, the requirements and intake of niacin are

expressed as niacin equivalents (NE).

The focus of interest for niacin over the last decade has primarily been on pharmacological doses of nicotinic acid
as a lipid-lowering agent and other NAD precursors as potential enhancers of cellular NAD* concentrations. None
of these studies, however, makes a useful contribution to understanding dietary requirements in healthy populations.
The requirement for niacin is estimated based on the relationship between intake and biochemical indices of
niacin status, primarily urinary excretion of nicotinamide metabolites.
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iacin (vitamin B,) is the common term for nicotinic
acid (pyridine-3-carboxylic acid), nicotinamide
(pyridine-3-carboxamide), and derivatives that

exhibit the biological activity of nicotinamide (1, 2).
Niacin is the precursor to pyridine nucleotides NAD
(nicotinamide adenine dinucleotide) and NADP (nico-
tinamide adenine dinucleotide phosphate). In the form
of NAD(H) and NADP(H), niacin is involved in more
reactions in the body than any other vitamin derivatives.
In addition to direct vitamin precursors for NAD produc-
tion (niacin), the indispensable amino acid tryptophan is

the substrate for de novo synthesis of NAD. The require-
ments and intake of niacin are expressed as niacin equiv-
alents (NE). On average, 60 mg of dietary tryptophan is
estimated to yield 1 mg niacin (60 mg tryptophan = 1 mg
NE). The term vitamin B, can be defined as the dietary
NAD precursors other than tryptophan (3).

Niacin and the derivatives NAD(P) as well as the
amino acid tryptophan are widely distributed in foods of
animal and plant origin. Bioavailability from some plant
sources is low. The amount of bioavailable niacin needed
to prevent the deficiency disease pellagra is small, and the
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average requirements (ARs) for adults are in the scale 12
to 15 mg/d (1). Disturbances of NAD homeostasis at the
cellular level have been shown to be associated with aging
and many metabolic diseases. Therefore, much interest is
currently directed to the possibilities to prevent or treat
different metabolic diseases with pharmacological doses
(in the order of 100s or 1000s mg/d) of different forms of
niacin (4).

The aim of this scoping review is to describe the totality
of evidence for the role of niacin for health-related out-
comes as a basis for setting and updating dietary reference
values (DRVs) (Box 1).

Methods

This review follows the protocol developed within the
NNR2023 project (5). The sources of evidence used in
the scoping review follow the eligibility criteria described
in the paper ‘The Nordic Nutrition Recommendations
2022 — Principles and methodologies’ (6). No de novo
NNR2023 systematic reviews relevant for this scoping
review were conducted (7), but one existing qualified
systematic review (8) was identified by the NNR2023
Committee.

The main literature search for this scoping review was
performed on July 2, 2021 in MEDLINE with a search
string: (Niacin[MeSH Terms] OR Niacinamide[MeSH
Terms] OR Niacin[Title] OR “nicotinamide ribo-
side”[Title] OR nicotinamide[Title]) AND review
[Publication Type] AND (“2011”[Date - Publication] :
“3000”[Date Publication]) AND humans[Filter]. The
number of hits was 856. Based on the title, 105 abstracts
were checked, and 10 articles were considered relevant
(9-18). Of these 10 articles, five were systematic reviews
(9, 10, 12, 16, 17).

To update the Physiology and Health outcomes sec-
tions, relevant up-to date textbooks (3, 19-21) were
consulted. Furthermore, a literature search in MEDLINE
with a search string (NADJTitle]) AND review[Publica-
tion Type] AND (“20117[Date - Publication] : “3000”
[Date - Publication]) AND humans[Filter] was carried out

on July 5th 2021. The search returned 166 references of
which five were considered relevant (4, 22-25).

The previously published niacin recommendations
or opinions from the Institute of Medicine (from 2015
onwards National Academy of Sciences, Engineering,
and Medicine, NASEM) (2, 26) and the European Food
Safety Authority (EFSA) (27-29) have been used in the
present review, as well.

A separate literature search was carried out on
vegan/vegetarian diets and niacin status: (Niacin[MeSH
Terms] OR vitamin B3) AND (vegan[title) OR
vegetarian[title]) AND (“2011”[Date - Publication] :
“3000”[Date - Publication]) AND humans[Filter] (July
S5th 2021). One systematic review (30) was considered
relevant. After the public consultation (May—June
2022), another systematic review was included in the
present scoping review (31).

No strong evidence was identified in scientific litera-
ture since 2012 that likely would cause a change in DRV.
Neither was any topic related to a substantial health
concern in the Nordic or Baltic countries identified. An
updated search was performed on August Ist, 2022. The
scoping review authors and the NNR committee are
aware of these publications, however, the information in
these publications does not change the judgment regard-
ing the setting of DRVs.

Physiology

Rich dietary sources of preformed niacin are meat (beef,
poultry), fish, dairy, legumes (including peanuts), some
cereals, and baker’s yeast (19, 21). In meat, niacin is
mainly bound to NAD and NADP (3). Milk is a source
of nicotinamide riboside (32). The coenzyme forms
(NAD, NADP) are hydrolysed by intestinal phospha-
tases and NAD glycohydrolases to release nicotinamide
and nicotinamide riboside, and the latter is further hydro-
lysed to nicotinamide (19). In plant products, especially
in cereal grains, niacin is found mainly as nicotinic acid
that is often bound to proteins, glycopeptides, or poly-
saccharides and is poorly available (20). Food processing

Box 1. Background papers for Nordic Nutrition Recommendations 2023

(NNR2023) project (5).
lished in Food & Nutrition Research
procedures of the journal

project)

reference values in the NNR2023 project

* This paper is one of many scoping reviews commissioned as part of the Nordic Nutrition Recommendations 2023
* The papers are included in the extended NNR2023 report but, for transparency, these scoping reviews are also pub-
» The scoping reviews have been peer reviewed by independent experts in the research field according to the standard
» The scoping reviews have also been subjected to public consultations (see report to be published by the NNR2023

» The NNR2023 committee has served as the editorial board
* While these papers are a main fundament, the NNR2023 committee has the sole responsibility for setting dietary
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(alkaline treatment) may increase the bioavailability of
the nicotinic acid in cereals.

Nicotinic acid and nicotinamide are absorbed by carri-
er-mediated mechanisms and passive diffusion. The intes-
tinal niacin transporters have not yet been fully clarified.
Some diffusion takes place in the stomach, but niacin
absorption is more effective in the small intestine (20).
The main form of niacin in serum is nicotinamide. Red
blood cells contain a circulating pool of pyridine nucleo-
tides. Different NAD precursors are taken in the cells by
diffusion or transporter-mediated processes (20, 25). Liver
is the center of niacin metabolism, and, for instance, large
part of NAD synthesis from tryptophan and the conver-
sion to excreted metabolites takes place in the liver. The
excretion route of niacin metabolites is urine (20). The
main pathways of niacin and NAD metabolism are shown
in Fig. 1.

In general, it is assumed that 60 mg of tryptophan is
needed for de novo synthesis of 1 mg of NAD. The con-
version efficiency depends on tryptophan status rather
than on niacin status. The amino acid is preferably used for
protein synthesis under conditions of limiting amounts of
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tryptophan, and the conversion efficiency is reduced below
the commonly used NE ratio (19, 26, 27). Thus, low trypto-
phan intake, deficient tryptophan transport (e.g. Hartnup's
disease) or conditions associated with increased trypto-
phan metabolism decrease the conversion and increase the
need for preformed niacin. Furthermore, adequate intakes
of the micronutrients needed as cofactors in the de novo
pathway (iron, riboflavin, vitamin B6) are needed. The
body has a limited capacity for storing niacin nucleotides
and deficiency symptoms can occur after 50-60 days of
consuming a low-niacin, corn-based diet (26).

Cellular NAD homeostasis is the balance between
synthesis, consumption, and regeneration of NAD.
The homeostasis may be disturbed due to mutations in
enzymes involved in NAD synthesis. Furthermore, NAD
metabolism is disturbed in many diseases and in dietary
deficiency of NAD precursors (25). Cellular NAD* levels
decline with aging. The strongest evidence by far is from
animal models, but evidence is accumulating that the
decline takes place also in humans (4, 23). However, the
mechanisms driving NAD* depletion during aging are not
yet fully understood.

Nicotinic acid
adenine dinucleotide

Redox metabolism
-hundreds of reactions

J NADH NADPH

Nicotinamide adenine / /
—_—

dinucleotide (NAD*)

Nicotinamide adenine
dinucleotide phosphate (NADP*)

—_

NAD as ligand

NAD* dependent regulatory processes

Deacetylations (sirtuins)
Mono- and poly-ADP-ribosylations (PARPSs)

Calcium signalling(ADP-ribosyl cyclase)

Fig. 1. NAD synthesis, functions, and metabolism. The dietary NAD precursors (mainly nicotinic acid, nicotinamide, nico-
tinamide riboside, or tryptophan) contribute to NAD synthesis via different pathways (de novo, Preiss-Handler, and salvage
pathways). NAD(H) and NADP(H) are used in the cells in hundreds of oxidation-reduction reactions in the energy metabolism
and various synthesis/degradation systems. NAD" is also used as a substrate in enzyme systems that control, for instance, DNA
repair, transcriptional regulation, circadian rhythms, mitochondrial homeostasis, and calcium signaling. Furthermore, NAD*
serves as a ligand of purinergic P2Y receptors that are involved in the regulation of the activities of visceral smooth muscles and
immune cells. The cellular pool of NAD" is tightly balanced by the regulation of NAD* synthesis and its breakdown by NAD"-
consuming enzymes. The subcellular localization of the reactions or the enzymes needed are not presented in the figure (Based

on 3,4, 11, 25).
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A systematic review indicated that niacin intake was lower
in vegans than in other diet groups in several studies, and
niacin was pointed out as one of the vitamins of concern in
vegan diets (30). Another systematic review (31) assessed the
results from 15 studies. In those analyses, vegetarians had
lower intakes of niacin compared with vegans or so-called
meat-eaters (consumption of meat at least once per week).
However, in all dietary pattern groups, the mean intake of
niacin was above the estimated average requirements (EARSs)
11 or 12 mg/d for women and men, respectively (2).

Assessment of nutrient status

Niacin status can be measured by urinary excretion of nic-
otinamide metabolites, including N’-methylnicotinamide
(NMN) and methyl pyridone carboxamides such as
N-methyl-2-pyridone-carboxamide (2-Pyr) (Fig. 1). The
excretion of these metabolites decreases in niacin defi-
ciency (27). Urinary excretion of metabolites has been
reported to increase sharply by intake higher than 11 mg
NE/day, which has been suggested to reflect saturation of
body stores (27).

Biochemical niacin status can be measured from tis-
sue (cellular) NAD and NADP concentrations. Cellular
NADP concentrations are stable during deficiency,
but NAD concentrations decline. The ratio of NAD to
NADP in whole blood (red blood cells) can be used as
a marker of functional niacin status (3). More versatile
reflection of niacin status will probably be obtained with
metabolomics in the future (3).

Dietary intake in Nordic and Baltic countries
Niacin occurs in foods such as meat, fish, dairy, legumes
(including peanuts), cereals, and baker’s yeast (19, 21). Plant
foods primarily contain nicotinic acid, while animal foods pri-
marily contain nicotinamide. Protein-rich foods also contrib-
ute to the niacin intake through endogenous conversion from
tryptophan, and 60 mg tryptophan is equivalent to 1 mg NE.
The diet among adults (>18 years) in the Nordic coun-
tries provides 29-31 and 39-41 mg NE for women and
men, respectively. This corresponds to relative intakes of
3.5-4.3and 3.6-4.4 mg NE/MJ and 14.6-17.7 and 15-18.1
mg NE/1000 kcal, for women and men, respectively.
Tryptophan makes up approximately 1% of the amino
acids in dietary proteins (3). The average protein intake in
the Nordic countries of 92-112 and 72-81 g/day for men
and women, respectively, and this would provide 12-19
mg NE/day (33).

Health outcomes

Deficiency

The classical niacin deficiency disease pellagra is char-
acterized with four D’s: diarrhea, photosensitive derma-
titis, dementia, and, if not treated, death. The various
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symptoms reflect the multiple roles of niacin/NAD in the
whole-body metabolism (20).

Pellagra is mainly observed in populations consuming
a diet predominantly based on maize or other cereals with
a low protein content and low bioavailability of niacin.
Few controlled studies, with few subjects, have investi-
gated the effects of niacin-restricted diets (26, 34). In one
controlled study, pellagra developed at an intake of 8.8
mg NE/d (26). In two other studies, no clinical symptoms
were seen in subjects with an intake of 9.2-12.3 mg NE per
day, which is the equivalent to about 1 mg NE/MJ (26).
Niacin deficiency and clinical signs of pellagra are rare in
high-income countries but may appear in association with
anorexia nervosa, alcoholism, acquired immunodeficiency
syndrome, cancer, and chemotherapy (18, 21).

Upper intake levels and toxicity

There are no studies indicating adverse effects of con-
sumption of naturally occurring niacin in foods. However,
adverse effects may result from excess intakes from dietary
supplements, fortified foods, and pharmacological agents.
Intakes of nicotinic acid, but not nicotinamide, as a sup-
plement or fortificant in the range of 30 mg/d to 1000
mg/d can result in mild symptoms such as flushing. Higher
intakes have been reported to induce liver damage. The EU
Scientific Committee for Food (28) has set an upper limit
for nicotinic acid of 10 mg/d and for nicotinamide of 900
mg/d for adults. These levels were also used in the NNR
2012. A more recent meta-analysis evaluating dose-depen-
dent adverse effects of nicotinic acid and nicotinamide
supplementation suggested reconsideration of the UL for
nicotinic acid supplements and differentiation between
healthy and unhealthy individuals (12). In this meta-anal-
ysis, a benchmark-dose method, considered by EFSA as
a more advanced method compared to using NOAEL/
LOAEL (35), was applied to estimate the intake level asso-
ciated with a 5% incidence of adverse effects. Maximum
intake levels considerably higher than the current UL
were reported, and different estimates were found depend-
ing on whether the population was healthy or diseased.
Considering the other NAD precursors, the EFSA Panel
on Nutrition, Novel Foods and Allergens has concluded
that nicotinamide riboside chloride as a novel food used in
food supplements for the general healthy adult population
at levels up to 300 mg/d, and an intake up to 230 mg/day is
safe for pregnant and lactating women (29).

Several meta-analyses of clinical trials on niacin sup-
plementation have reported results on adverse effects.
Compared to placebo, adults with or at risk of cardiovas-
cular disease receiving niacin therapy (500-4000 mg/day)
were more likely to stop the treatment due to side effects
of which the strongest risk was reported for flushing, pru-
ritus, rash, gastrointestinal symptoms, and new-onset dia-
betes (17). Increased risk of flushing was also reported in
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patients with renal disease treated with pharmacological
doses of niacin (375-1500 mg/day) (10).

Cardiovascular disease

Therapeutic doses of nicotinic acid have been shown to
increase serum high-density lipoprotein (HDL) choles-
terol, and lower serum low-density lipoprotein (LDL)
and total cholesterol concentrations (3, 9). Further, in a
systematic review and meta-analysis of seven randomized
controlled trials (RCTs), including 441 subjects, Sahebkar
reported that niacin supplementation improved endothe-
lial function, expressed as a weighted mean (95% confi-
dence interval [CI]) increase in flow-mediated dilation of
1.98 (0.91, 3.05) % (16). However, the effect on intermedi-
ate risk factors does not seem to transfer to hard clinical
endpoints. In a systematic review and meta-analysis of 23
RCTs published between 1968 and 2015, including 39,195
participants, Schandelmeier et al. (17) reported that sup-
plementation with nicotinic acid (median dose 2 g/day)
did not substantially influence total mortality (RR [95%
CI] 1.05[0.97, 1.12]), cardiovascular mortality (1.02 [0.93,
1.12]), non-cardiovascular mortality (1.12 [0.98, 1.28]),
acute myocardial infarction (0.93 [0.87, 1.00]), or stroke
(0.9510.74, 1.22]) (17).

Cancers

NAD" is involved in the regulation of genomic stabil-
ity, and NAD precursors are also of interest in terms of
cancer prevention. At present, most evidence has been
accumulated on the possible preventive effects of pharma-
cological doses of nicotinamide on non-melanoma skin
cancers (13). Three cohort studies of female populations
did not find an association between niacin intake, assessed
by a food frequency questionnaire, and five major cancers
(breast, endometrial, ovarian, colorectal, and lung) (8).

Other health outcomes
Rodent and human studies have shown that alterations
in NAD* homeostasis may be involved in most age-re-
lated diseases, including neurodegeneration, diabetes,
and cancer (24). Thus, therapeutic approaches to boost
cellular NAD* concentration, including NAD precur-
sor supplementation with doses higher than achievable
from normal diet, are under active investigation. A large
part of the evidence thus far comes from animal experi-
ments, and evidence from human efficacy trials has only
started to accumulate (4, 14, 15, 22, 25). The association
between dietary niacin intake and cognitive decline has
been reported in two prospective cohort studies and a
cross-sectional study, collectively suggesting that higher
niacin intakes could have protective effects on the devel-
opment of Alzheimer’s disease and cognitive decline (8).
Some clinical trials have indicated that niacin or nico-
tinamide supplementation may reduce serum phosphate

Citation: Food & Nutrition Research 2023, 67: 10299 - http://dx.doi.org/10.292 1 9/fnrv67.10299

Niacin - a scoping review for Nordic Nutrition Recommendations 2023

in patients with chronic kidney disease receiving dial-
ysis therapy. In a systematic review and meta-analysis
of five RCTs, in total including 230 patients, He et al.
(10) reported that niacin or nicotinamide in doses rang-
ing from 375-1000 mg/day reduced both serum phos-
phorus (weighted mean difference [95% CI] —0.88
[-1.19, —0.57]) and the calcium x phosphorus product
(—9.15[—13.23, —5.08]) (10).

Requirement and recommended intakes

The main criteria used to determine niacin require-
ments in adults are the urinary excretion of the nic-
otinamide metabolites, which sharply decreases when
niacin intake is inadequate. Based on studies of nia-
cin-deficient diets, the excretion of at least 1 mg of
Nl-methylnicotinamide/day has been considered to
reflect a sufficient intake (2, 27). In situations of low
tryptophan intake, deficient tryptophan transport
(e.g. Hartnup’s disease) or conditions associated with
increased tryptophan metabolism (e.g. carcinoid syn-
drome), conversion from tryptophan is decreased
and the need for preformed niacin may be higher.
Inadequate iron, riboflavin, or vitamin B6 status
decreases the efficiency of the de novo pathway (26, 27).

In NNR 2012 (1), the AR was estimated at 1.3 mg
NE/MJ, based on older depletion-repletion studies using
urinary excretion of niacin metabolites as the main crite-
ria (34). The recommended intake (RI) was set at 1.6 mg
NE/MJ, corresponding to RIs of 16-19 and 13-15 mg
NE/day for adult men and women, respectively. It was
emphasized that for people on low-energy diets (below
8 MJ/day), the RI of 1.6 mg NE/MJ may not be suffi-
cient, and it was therefore recommended that niacin
intake should not be less than 13 mg NE/day. For preg-
nant and lactating women, an extra 1-2 and 4-5 mg
NE/day, respectively, was recommended. The RIs for
children over 6 months of age were extrapolated from
the adult values.

The U.S. DRVs were based on urinary excretion of nia-
cin metabolites and expressed in absolute intakes (2). The
EAR was set to 12 and 11 mg NE/day, and the recom-
mended daily allowance (RDA) was 16 and 14 mg NE/
day for adult men and women, respectively. It was empha-
sized that individuals with Hartnup’s disease, liver cirrho-
sis, carcinoid syndrome, malabsorption, and patients on
long-term treatment for tuberculosis or undergoing dial-
ysis treatment were likely to require more niacin. Also,
pregnant women carrying more than one fetus or breast-
feeding multiple children may need extra niacin.

EFSA (27) considers urinary excretion of niacin metab-
olites as the main criteria for setting DRVs. The AR for
adults was kept at 1.3 mg NE/MJ, and by applying a coef-
ficient of variation of 10%, the population RI was set to
1.6 mg NE/MJ for both sexes and all ages. They concluded
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that there was no evidence that the niacin requirement

in

pregnancy and lactation increased above what was

determined by the extra energy requirement, and the same
RI of 1.6 mg NE/MJ should apply.
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