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To the Editor: In their letter to Diabetologia [1], Zhou
and colleagues suggest that inhibition of nicotinamide
N-methyltransferase (NNMT) may not be a viable ther-
apeutic approach for insulin resistance or type 2 diabe-
tes. Instead, the authors propose to reduce nicotinamide
intake or increase its elimination, implicating that it is
the excess nicotinamide that is causative in the develop-
ment of metabolic diseases. They postulate that our
finding of higher adipose tissue NNMT expression and
plasma 1-methylnicotinamide (MNA) levels in patients
with insulin resistance and type 2 diabetes [2] may be
the result of an induction in NNMT expression by in-
creased nicotinamide intake rather than the metabolic
disease itself.

Although we cannot completely rule out that possi-
bility, we think that increased nicotinamide intake is not

the predominant cause of our previously reported NNMT
expression and serum MNA changes or phenotype asso-
ciations. First, NNMT has been reported to be upregu-
lated in preclinical models of diabetes and obesity, in-
dependently of nicotinamide intake [3, 4]. Additionally,
adipose tissue NNMT expression was found to be higher
in obesity-prone than in obesity-resistant mouse strains
[4], and higher urinary MNA concentrations were ob-
served in patients with type 2 diabetes compared with
healthy controls, and in db/db mice and obese Zucker
rats [5], independently of nicotinamide intake. Further-
more, treatment with an antisense oligonucleotide
against NNMT was shown to improve insulin sensitivity
and to reduce body weight gain in mice fed a high-fat
diet compared with mice on the same diet that were
treated with vehicle or a non-silencing antisense mole-
cule [4]. Finally, an induction of tissue NNMT expres-
sion by nicotinamide has so far only been demonstrated
in rats treated with very high doses of nicotinamide [6]
exceeding normal dietary intake by several orders of
magnitude.

We acknowledge that excess nicotinamide may play a role
in the pathogenesis of type 2 diabetes and obesity. Prolonged
high niacin or nicotinamide intake has been reported to reduce
insulin sensitivity in individuals with normal or impaired glu-
cose tolerance [7–9]. In addition, there is epidemiological ev-
idence demonstrating a chronological link between increased
nicotinamide intake and the rising prevalence of obesity and
type 2 diabetes [10].

However, it remains unclear whether nicotinamide it-
self is the culprit in terms of causing metabolic disease
and whether this is unrelated to NNMT activity. In fact,
there is evidence that the effects of excess nicotinamide
on insulin resistance are mediated by MNA, the product
of the reaction catalysed by NNMT. First, administration
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of either nicotinamide or MNA to healthy rats had sim-
ilar effects on glucose homeostasis, resulting in an in-
crease in both blood glucose and insulin concentrations
[11]. Second, it was demonstrated that both nicotin-
amide and MNA led to the generation of reactive oxy-
gen species (ROS) in rats [11, 12] and Caenorhabditis
elegans [13] whereas only MNA, not nicotinamide, was
effective at triggering oxidative stress in a C. elegans
mutant devoid of NNMT. Thus, the suggestion of Zhou et al
[1] that NNMT inhibition will have similar effects to excess
nicotinamide intake is not sufficiently supported by research
data, as the latter leads to excessive generation of MNA and
ROS, which would be prevented by NNMT inhibition. Addi-
tionally, excess nicotinamide and NNMT inhibition have op-
posite effects on the cellular methylation potential determined
by the ratio of S-adenosylmethionine (SAM) to S-
adenosylhomocysteine (SAH). Excess nicotinamide has been
demonstrated to lower methyl group availability and cause
DNA hypomethylation [6] whereas NNMT knockdown led
to an increase in the SAM/SAH ratio and histone methylation
in vitro [14] and in vivo [4].

In conclusion, we fully agree with Zhou et al that
further studies carefully controlling nicotinamide intake
and elimination are required to better understand the
mechanisms by which nicotinamide metabolism contrib-
utes to the pathogenesis of insulin resistance and obesity.
However, we do not concur with their suggestion that
our observations of increased adipose tissue NNMT ex-
pression and plasma MNA levels merely reflect changes
in nicotinamide intake or excretion, and that NNMT in-
hibition and excess nicotinamide would have similar
metabolic effects.
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