
Journal of Huntington’s Disease 6 (2017) 179–188
DOI 10.3233/JHD-170253
IOS Press

179

Review
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Abstract. Although Huntington’s disease (HD) is primarily considered a rare neurodegenerative disorder, it has been linked
to glucose metabolism alterations and diabetes, as has been described in other neuro syndromes such as Friedreich’s ataxia
or Alzheimer’s disease. This review surveys the existing literature on HD and its potential relationship with diabetes, glucose
metabolism-related indexes and pancreas morphology, in humans and in animal’s models. The information is reported in
chronological sequence. That is, studies performed before and after the identification of the genetic defect underlying HD
(CAG: encoding glutamine ≥36 repeats located in exon 1 of the HTT gene) and with the development and evolution of HD
animal models. The aim of the review is to evaluate whether impaired glucose metabolism contributes to the development of
HD, and whether optimized glycemic control may ameliorate the symptoms of HD.
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A GLANCE AT HUNTINGTON’S DISEASE

It was in 1872, when a report entitled “On chorea”
was published by Dr. George Huntington. He char-
acterized the disease known today, eponymously as
Huntington’s disease (HD) to be an inherited condi-
tion, and described its principal clinical aspects [1].
HD is mainly considered, a rare –the USA/Western
Europe/Australia prevalence is 5–10 affected per
100,000 people– genetic neurodegenerative dis-
ease, that causes progressive degeneration of the

∗Correspondence to: Nieves González, PhD, Renal, Vascular
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neostriatum and one that results in progressive move-
ment disorder –chorea and dystonia–, progressive
cognitive disturbance culminating in dementia, and
several behavioural alterations [2]. In 1993, the HD-
Collaborative-Research Group identified the genetic
defect underlying this autosomal dominant pathology
as a trinucleotide expansion (CAG: encoding glu-
tamine ≥36 repeats) located in exon 1 of the HTT
gene. The gene encodes the huntingtin protein, which
is 3,144 amino acids long [3]. The presence of the
mutated protein in the brain induces the formation of
aggregates in the cytosol and nucleus causing gener-
alized atrophy. The protein is ubiquitous in the body,
though its functionality remains unknown [4].

Even though the length of the CAG-expansion is
the major determining factor of the progression and
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pathogenesis rates, in 2015, a genome-wide asso-
ciation study identified genetic variants that alter
the age of onset of the disease accelerating it to
6.1 years (rs146353869) or inducing a delay of 1.4
years (rs2140734) [5]. Although the onset of the phe-
notype can range from early childhood –Westphal
variant, 4–6%– to >70 years –senile chorea, 8–10%–,
the symptoms usually begin about halfway through
the average human lifespan (30–50 years), evolving
progressively and continuously (15–20 years) until
death caused by the disease, or in some cases, sui-
cide [6]. A definitive treatment for HD has yet to
emerge [7].

BEYOND A BRAIN DISORDER

HD is not only a brain disorder, as the neu-
ropathology is also accompanied by formation of
polyglutamine inclusions in non-central nervous
system tissues, resulting in widespread abnormal
changes [8]. The pervasive mutant polyQ-HTT, dis-
rupts many cellular processes such as autophagy,
gene transcription and energy metabolism [9, 10], and
several sources of evidence point to a role played by
mitochondrial/metabolic dysfunction in HD, along
with drastic weight loss, skeletal-muscle wasting and
modifications in appetite, likely conducted by the
hypothalamic-endocrine axis [11]. HD subjects show
endocrine changes such as increased cortisol levels
and reduced testosterone values [12]. Beyond that,
some researches have described abnormalities of car-
bohydrate metabolism and increased prevalence of
diabetes [13, 14]. The impact on the endocrine system
has also been noticed in certain hereditary neurolog-
ical diseases, where it has been suggested that the
prevalence of glucose metabolic impairment is sig-
nificantly higher compared to the general population
[15–17]. In the last quarter of the twentieth century,
a study reported that approximately 10% of individ-
uals diagnosed with HD had diabetes [13], and by
the early twenty-first century, multiple articles had
found diabetes in HD murine models [18–21]. Unlike
those studies, in premanifest and moderate symp-
tomatic HD subjects, the values of classical glucose
metabolic markers were similar, and a very low preva-
lence of serious comorbidities such as diabetes was
reported [22, 23], challenging the assumption of the
increased risk of diabetes among the HD population
[24, 25].

This review surveys the existing literature on
HD and its potential relationship with diabetes and

glucose metabolic alterations, in human and animal
models, aiming to determine, whether impaired glu-
cose metabolism contributes to the development of
HD, and whether optimized glycemic control may
ameliorate the symptoms of HD (Fig. 1).

PRIOR TO THE IDENTIFICATION OF
THE HD GENE (1957–1993)

In 1957, Forrest observed an increase in hyperki-
netic movements among HD patients before meals,
relative to movements after meals, which led him to
postulate that low fasting sugar levels might be related
to the disease. The examination of fasting blood sugar
in six patients displayed normal levels, though an
abnormal insulin tolerance curve was found in one
of the two individuals examined [26].

In the 1970s, Podolsky and Leopold documented
a higher incidence of carbohydrate intolerance and
atypical insulin secretion, without glycosuria or a ten-
dency to ketosis in six of 10 patients with hereditary
chorea, who were clearly diabetic by the criteria of
Fajans and Conn [14]. The researchers also found an
off-based release of human growth hormone (GH)
and a paradoxical complete suppression of the GH
levels after L-DOPA administration, when compared
to healthy controls. Arginine infusion provoked an
elevated insulin response in those patients with a
diabetic oral glucose tolerance test (OGTT), and an
exaggerated GH response in the majority of the indi-
viduals They attributed these findings to pathologic
involvement of the hypothalamus [27, 28]. The work
of Schubot and Insarova partially supported these
results, also finding an increased cholesterol concen-
tration in serum [29, 30].

In contrast, studying 11 HD patients and 11
age-matched controls, Davidson and collaborators
observed no differences in fasting insulin levels,
insulin response to glucose or circulating GH lev-
els, thereby supporting the findings of Keogh et al.,
who found similar outcomes related to the OGTT and
no evidence of altered insulin release. Nevertheless,
there is a discrepancy between the two works. An ear-
lier elevation of GH after insulin injection, which was
attributable to a change in the dopamine was detected
in HD patients by Keogh, while no differences were
reported by Davidson [31, 32].

In 1981, Lavin examined several hypothalamic
functions in eight HD patients compared to 10 con-
trols. As found previously by Keogh, the study
reported a cessation of choreiform movements (≈60
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Fig. 1. Summary of the studies carried out in HD subjects and murine models from 1957 to 2016 including the different aspects of alterations
in glucose metabolism and diabetes.

minutes) during the insulin tolerance test. The fasting
blood glucose level and glucose response to insulin
were similar. However, the response of plasma corti-
sol and of GH to hypoglycemia was earlier in the HD
patients, though peak responses were the same. These
findings could be due to enhanced serotonin activity
rather than an increase in dopamine activity [31, 33].
In a follow-up study, the evaluation of endocrine-
function parameters in eight HD patients, failed to
detect any deterioration in glucose metabolism values
or GH secretion 2.5 years later [24].

In the studies described above, the participants
had not been diagnosed with diabetes. Interestingly,
a higher prevalence of diabetes mellitus in patients
with HD –specifically among the probands under 50
years of age– was reported by a retrospective epi-
demiologic study conducted by Farrer. The analysis
of the data obtained through questionnaires from a
total of 620 affected HD individuals –288 living, 332

deceased– resulted in the identification of 65 sub-
jects (10.5%) diagnosed as diabetic. In 45% of these
subjects, glucose levels higher than 140 mg/dl or a
physician´s statement of diabetes were reported; 55%
were verified by examination of medical records.
However, no clarification of the type of diabetes
was provided. In addition, information related to the
probands first- and second-degree relatives suggested
that the affected relatives of a diabetic HD proband
were seven times as likely to have diabetes than the
proband’s non-HD relatives [13].

The relationship between carbohydrate intoler-
ance and HD was previously evoked even before
the genetic era, though with controversial results.
The discovery of the CAG expansion in exon 1 of
the HTT gene as the cause of the disease, made
it possible to refine diagnosis, and develop models
used to undertake specific studies related to glucose
metabolism [3].
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HD ANIMAL MODELS, IN VITRO
ANALYSIS, AND HUMAN STUDIES
(1996–2016)

HD murine model studies

The development of HD transgenic-mice has gen-
erated models with different expansion sizes –HD-
171-82Q mouse (82 CAGs repeats), HdhCAG(150),
R6/1 and R6/2 generated using the same background
mouse strain but different repeat sequence (≈115 and
140 up to >400, respectively)–, which showed many
features of the HD neurological phenotype [34–38].
Increased plasma levels of glucose were observed in
the nondiabetic HD-171-82Q mouse, while dysregu-
lation of gene expression parallel to changes in brain
and muscle were detected in HdhCAG(150) mice,
suggesting a potential connection with metabolism
[36, 37]. The R6/1 mice exhibited neurological symp-
toms after 22–26 weeks of age and displayed different
signs of impaired glucose tolerance including abnor-
mal glucose handling and higher glucose plasma
insulin levels in the glucose challenge, but did not
result in manifest diabetes due to normal peripheral
insulin sensitivity [39]. The R6/1 mice developed an
age-dependent reduction of �-cell volume (17% and
39% lower at 10 and 38 weeks-old, respectively, com-
pared to age-matched wild-type littermates); these
reductions were not associated with diminished pan-
creas volume. Additionally no signs of apoptosis,
necrosis, or autoimmunity were detected in the pan-
creas, although in both �- and �-cells huntingtin
was present [39]. Interestingly, fasting plasma glu-
cose levels were identical to the values in wild-type
mice, as described by different investigators [35, 40].
Based on these results, the R6/1 mice-model was
nondiabetic.

The studies performed by Fain et al., in an
R6/2 transgenic HD model (141–157 CAGs) con-
sisting of animals of 5, 7 and 8 weeks of age,
described enhanced propensity toward fat accumu-
lation, accompanied by an increase in leptin release
and serum leptin concentration. However, the ani-
mals responded normally to exogenous insulin and
no differences in glucose levels were detected [41].
It is worth mentioning that other works found that
around 2/3 of neurologically asymptomatic R6/2 ani-
mals (140 CAGs) at age 7 weeks exhibited higher
blood glucose concentrations than age-matched con-
trols. As the R6/2 mice developed resting tremor,
irregular gait, and stereotypic and abrupt movements
(9 weeks of age), polyuria was present and the

severity of hyperglycemia increased in the already
high-glucose-level mice, while the remaining mice
were euglycemic. Moreover, pathological results
were found in a glucose tolerance test after intraperi-
toneal injection of glucose in R6/2 mice, which
exhibited no increase in blood glucose levels in diur-
nal profiles, suggesting latent diabetes mellitus [18,
21, 42]. Although at 12 weeks a decrease in glu-
cose utilization is reported while a large elevation
of glucose in the brain occurred, only a small num-
ber of HD animals developed manifest diabetes, and
no significant differences were recorded in survival,
weight loss, motor coordination, or spontaneous
explorative behaviour, indicating that the metabolic
dysfunction was not connected to early motor and
cognitive dysfunctions, and did not correlate with
motor impairment and survival [42, 43]. However,
daily repeated exercise –a well-known reducer of
the severity of diabetes– in the R6/2 model was the
main contributing factor to onset of diabetes [21].
Stress is known to enhance hyperglycemia in altered
metabolic states [44], and it induced the activation of
the protein kinase (SAPK) pathway, which has been
associated with impaired insulin secretion and insulin
resistance [45]. Interestingly, the mutated huntingtin
stimulated SAPK activity. This activation may repre-
sent a potential mechanism for which exposure of
mice to chronic stress could induce diabetes [21].
In most R6/2 animals, although the development
of diabetes was paralleled with the overt pheno-
type, diabetes is unlikely to be the cause of either
the neurological phenotype or the rapid decline in
general function [21]. Accordingly, plasmid vaccina-
tion against mutant huntingtin dramatically improved
the diabetic phenotype without producing any overt
changes in the behaviour phenotype [46].

When the number of CAGs increased in the R6/2
models –Lund colony (163–174) and Cambridge
colony (247–277)– increased time drinking and vol-
ume ingested were observed at 10 weeks of age
despite the difference in the length of the CAG
expansion, likely as a consequence of hypothalamic
dysfunction, but not due to the presence of diabetes
[47]. In the Lund colony, increases in blood glucose
levels and diabetes have not been reported below 12
weeks of age, while most in the Cambridge colony
were diabetic by 18 weeks [47].

The diabetic states seem to be associated with the
influence of the length of CAG expansion and the
severity of the neurological symptoms. However, a
paradoxical delay in the onset of the disease consist-
ing of delayed appearance of neuronal intranuclear
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inclusions has been reported by Morton et al., who
studied R6/2 mice carrying super-long expansions
(350–399 and >400 CAGs repeats). The mice showed
a prolonged survival, but not neuroprotective effects.
Aspects related to glucose metabolism have not yet
been evaluated in these HD murine models [38].

The evaluation of intranuclear inclusions, accumu-
lated with aging in R6/2 pancreatic islets has been
also described. Specifically, at three weeks of age,
the nuclear inclusions could be identified either in
the pancreas or neurons [48]; however, no signs of
diabetes were detected. In six-week old R6/2 mice,
at least 50% of pancreatic islet cells contained inclu-
sions; while at 10 weeks, when an abnormal overt
phenotype could be observed, inclusions were present
in almost all pancreatic islet cells, and most mice were
intolerant to a glucose bolus [21]. Corresponding
to end-stage HD-murine model (around 12 weeks),
a variety of studies based on pancreatic function
have shown several common features, though also
certain differences. Hulbert et al. reported reduc-
tions in pancreatic levels of glucagon, somatostatin,
and insulin, though the islet appearance was normal
[18]. As expected, dramatic reductions in the num-
ber of insulin vesicles and insulin mRNA levels were
also reported [49], potentially due to the diminished
expression of key regulators of insulin gene transcrip-
tion (i.e., the pancreatic homeoprotein PDX-1, E2A
proteins, and the coactivators CBP and p300), which
would be a possible explanation for insulin deficiency
and consequent diabetes [50]. In contrast, Björkqvist
et al., reported that the islets appeared hypotrophic,
and �-cell mass was drastically reduced in R6/2 mice,
while the islet number and level of glucagon were
unaffected [20].

As previously described in R6/1 mice, no indi-
cations of increased cell death in islets from R6/2
were reported; rather, a marked decrease in the repli-
cation of �-cells was observed. This reflected an
impairment in the replication of islet cells, which
resulted in deficient �-cell mass, though this was not
sufficient to induce diabetes in the mice [51]. A sepa-
rate pathologic process is likely involved. Björkqvist
et al. also described that exocytosis was abolished in
�-cells, and that �-cells were more prone to hunt-
ingtin accumulation than the rest of islet cell types,
thus leading to a loss of hormone-containing secre-
tory granules, which abolished stimulated insulin
secretion [20]. A relevant role for the maintenance of
pancreatic �-cell function was played by the insulin
receptor substrate-2 (IRS-2) signalling. In fact IRS-2
deletion in pancreatic �-cells caused diabetes, though

a reduced IRS-2 signalling slowed lethality in an HD-
model and also protected against oxidative stress,
mitochondrial dysfunction and neuropathology [52].

Treatments with hypoglycemic agents in HD
murine models

The previously described link, between HD-
murine models and glucose metabolic alterations,
has been used for the exploration of therapeutic
approaches to HD based on the effects of different
hypoglycemic agents. As summarized in Table 1,
those compounds induced different effects on the
metabolic system (i.e., plasma glucose and insulin
level, insulin sensitivity, and pancreatic morphology),
and their actions were also evaluated in classical HD-
features such as motor coordination and survival.

The treatments administered to R6/2 or N171-
82Q mice were glibenclamide in combination with
rosiglitazone, metformin, exenatide, insulin, GLP-
1Tf, and resveratrol [53–55]. With the exception of
exenatide, none of the compounds tested modified
the extreme and uncontrolled weight loss observed
in the HD model during the disease progression.
Exenatide treatment exacerbated the reduction, as
previously described in human subjects and animal
models [56–58]. With regard to the blood glucose
levels, a significant decrease was observed after
the administration of glibenclamide/rosiglitazone,
exenatide, GLP-1-Tf, and resveratrol, but not met-
formin [59]. The lack of glucose-level reduction
by rosiglitazone alone suggests that insulin resis-
tance is not a primary factor in diabetes occurring
in HD mice [21]. Exenatide and GLP-1Tf were able
to reduce glucose levels; however, the insulin treat-
ment had no effect on the N171-82Q model, as
opposed to the effects observed in R6/2 mice [18, 60].
Only exenatide administration reduced plasma
insulin level and increased the insulin sensitivity; and
both insulin and GLP-1-Tf also induced increases in
insulin levels, though no information related to sen-
sitivity to the hormone was available [60]. Neither
glibenclamide, rosiglitazone nor resveratrol treat-
ment influenced motor coordination in the animals.
However, a 2-mg/ml dose of metformin decreased
hind limb clasping time, while exenatide produced
a reversal of motor performance decline, and actu-
ally induced a significant increment in the ability
to remain on the Rota-Rod. GLP-1Tf-treatment par-
tially attenuated performance loss in HD mice,
though unlike exenatide, failed to enhance perfor-
mance score. In the case of insulin administration, the
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. hormone worsened the degree of progressive decline

in motor performance, exerting no influence on life
span. Nonetheless, metformin, exeantide, and GLP-1t
induced a significant increase of survival (20%,
18 and 17, respectively). Both the exenatide and
GLP-1Tf treatments, in the HD-transgenic model,
restored close to normalization the islet size and num-
bers of �-cells, and also the �-cell topography of
islets; while no positive modification in pancreatic
morphology was induced by insulin treatment [56].
Exenatide –approved for the treatment of type-2 dia-
betes (T2D)– was the most beneficial therapy for
diabetic and HD features (Table 1).

Large animal model studies

The value added by the large HD models –sheep,
minipigs and non-human primate models- has been
significant for therapeutic strategies. Recently, the
plasma profiling of presymptomatic HD sheep identi-
fied significant changes in 89 metabolites compared
to controls affecting amino acids, biogenic amines,
acylcarnitines, sphingolipids, glycerophospholipids,
and urea, though no diabetic phenotype was
reported [61].

In vitro analysis

The expression of mutant huntingtin in human
insulin-expressing 8321/13 beta-cells slowed intra-
cellular trafficking, reduced the number of rapidly
moving vesicles and decreased stimulated insulin
release. This less efficient intracellular transport
could be explained by the fact that �-tubulin
interaction was stronger with mutant than with
wild-type huntingtin. The mutant protein by bind-
ing the microtubules became a physical block for
microtubule-dependent motors [49]. The experi-
ments performed by Edwardson et al., in a PC12 cell
line stably expressing the first exon of huntingtin with
74 CAG repeats, demonstrated an impaired expres-
sion of the exocytotic protein complexin II, which in
combination with the deficient �-cells observed in the
HD model could explain the development of diabetes
[19, 62]. Interestingly, the glucose-stimulated induc-
tion of insulin release was significantly increased in
the insulinoma cell line (INS-1E), expressing hunt-
ingtin with elongated polyglutamine stretches similar
to the human range (18 and 51 CAGs, respectively)
compared to cells expressing highly expanded hunt-
ingtin –115 CAGs– [25].
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Human studies

Lalic et al. reported significantly higher insulin
levels in 29 normoglycemic patients with clini-
cally and genetically verified late-stage HD –without
prescribed medication–, compared to 22 matched
controls. No differences in plasma glucose levels
were observed during the OGTT [63]. Contrary to
this study, three works with comparable numbers
of subjects found equal fasting glucose and insulin
levels in pre-manifest and manifest HD patients com-
pared to controls. A blunted insulin response has been
detected in advanced HD patients, though the differ-
ence did not achieve statistical significance. Although
one of the studies reported glucose regulation abnor-
malities (i.e., flat glucose curve and delayed insulin
peak after oral glucose load) there was no significant
difference in homeostatic model assessment in the
evaluated groups. The GH levels were decreased in
manifest HD subjects, and also associated with clin-
ical severity, whereas elevated ghrelin values were
only reported in the premanifest-group [23, 64–66].
Diminished fasting and postprandial leptin levels
were revealed in manifest HD patients by Wang et
al., but not by Nambrom and collaborators [23, 64].
The disparity among studies may stem from difficul-
ties associated with measuring metabolism in humans
–food intake, lighting conditions, sleep/wake routine,
and sampling-settings– which influence metabolic
profile [64, 67, 68]. Recently, increased levels of
microRNAs related to cholesterol metabolism, have
been found in HD patients, pointing to a possible
impairment of this pathway, though none related to
glucose metabolism [69]. However, the proteomic
analysis of seven HD human brains identified, in
the middle frontal gyrus, and in the visual cortex,
twenty-nine proteins differentially expressed com-
pared to matched controls. Most of the proteins play
roles in cell stress responses, apoptosis, the ubiquitin-
proteasome system, protein trafficking/endocytosis
or metabolic regulation linked to T2D [70].

Regarding pancreatic related studies, Boesgaard
et al. did not described any major �-cell defect in
any of the 14 adult-onset-patients with typical HD-
symptoms (36 up to 51 CAGs) [25]. Moreover, a mor-
phological study performed in the pancreas of HD
patients reported that immunostaining patterns for
the main islet hormones and islet �-cells, and levels
of insulin transcripts were unchanged. Compared to
controls, no differences in islet �-cell area, extracellu-
lar amyloid deposits, or inclusions in either endocrine
or exocrine pancreatic cells was detected [71].

The prevalence of HD in residents of US skilled
nursing facilities revealed that of a total of 249,811
residents, there were 340 (0.14%) with a diagnosis of
HD, and only one (0.003%) showed diabetes (type of
diabetes not reported) as a concomitant illness [22];
however, many HD individuals were on medications
such as olanzapine (25.7%), which has been involved
in the onset of diabetes in susceptible patients [72].

Interestingly, in Asia, where the prevalence of HD
is significantly lower, a five-generation Chinese fam-
ily (30 members) included eight members afflicted by
both HD and T2D. The prevalence of diabetes in HD
subjects (8/11) was drastically high (72.7%), while
the prevalence of diabetes (13/30) was much higher
than the estimated 3.9% reported in China in 2009.
No data were available concerning the influence of
antidiabetic treatment (metformin alone or in com-
bination with insulin) in promoting or delaying the
symptoms of HD [73].

A curious case reported the onset of HD symp-
toms in a patient with diabetes and 39 CAGs, at
least 7 years earlier than her identical monozygotic
twin. It was suggested that the disease may have
been initiated by environmental factors, which in
this case were quite significant, though diabetes was
not a major contributor to the HD phenotype [74].
On the other hand, although hyperglycemia-induced-
chorea-ballism is predominantly observed in T2D
and very rare in type 1 diabetes (T1D) and diabetic
ketoacidosis (DKA) a unique case of HD un-masked
by an episode of chorea-ballism associated with DKA
and T1D also has been reported [75].

In addition to HD, other neurodegenerative genetic
syndromes based on trinucleotide repeat expanded
mutation, have also been linked to glucose metabolic
alterations and diabetes including Friedreich ataxia
(FA), myotonic dystrophy 1 (MD1) and spinocerebel-
lar ataxia (SCA), type 1, 3 and 6 [15, 76]. Although
insulin resistance and altered insulin secretion were
reported in patients diagnosed with FA, MD1 and
SCA1, impaired mitochondrial function –a potential
feature of common T2D– was only detected in FA and
MD1. A closer examination of the available bibliog-
raphy revealed numerous articles related to metabolic
aspects in FA [15], several of which clearly support
the presence of diabetes, while others show inconclu-
sive results [77]. However, the information on SCA
is scant, and it should be noted that no association
with metabolic alterations has been reported in fragile
X syndrome, Kennedy´s disease or dentatorubral-
pallidoluysian atrophy (DRPLA). However, strong
evidence demonstrated a relevant link of diabetes
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with Alzheimer´s disease, Down or Turner syndrome,
which are not associate with a triplet expansion
mutation [15].

CONCLUSION

Based on several early human studies, and par-
tially supported by the later murine-model assays, HD
is associated with glucose alterations and diabetes,
as occurs in other neurological diseases. However,
the studies conducted before the HD-genetic diag-
nosis provided limited outcomes due to a very low
number of participants, lack of clinical information
and, potentially, an uncertain diagnosis. In addi-
tion, although the works carried out in HD-mice
models reveal a significant association with glucose
metabolism alterations and �-cell dysfunction, the
development of diabetes was not indicated unani-
mously, being also irregular, the effects displayed by
the hypoglycemic agents. Conversely, in the most
recent publications with clinically and genetically
substantiated HD participants, a very low preva-
lence of diabetes was recorded and no statistical
differences in glucose metabolism related indexes or
pancreas morphology were found, with the excep-
tion of one study performed in a well-characterized
cohort of late-stage HD with a low BMI and normo-
glycemic levels. Follow-up of these patients would
have provided useful information on the evolution of
their glucose homeostatic parameters and the estab-
lishment, or not, of a diabetic state; however, the
metabolic disturbances described in premanifest and
manifest HD subjects appear not to translate to a clear
diabetic phenotype.

The estimated percentage of diagnosed and undi-
agnosed diabetes in the general population among
adults aged 45–65 years is 12,7% (National Diabetes
Statistics Report, 2017; National Institutes of Health).
To date, it seems that diabetes is less frequent in the
HD population.

In this scenario, further approaches in humanized
mouse models –resembling human HD–, large animal
models such as sheep, minipigs and non-human pri-
mates –considering species limitations– along with
human studies performed in larger samples with an
exhaustive follow-up, may be useful for examining
whether impaired glucose metabolism contributes to
the development of HD and complicates efforts to
treat the patients. There is also a need to obtain
reliable statistics of diabetes prevalence in this
neurological disease.
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Instituto de Salud Carlos III (MSII14/00031).

CONFLICT OF INTEREST

The authors declare that there is no conflict of
interest that would prejudice the impartiality of the
reported research.

REFERENCES

[1] Huntington G. On chorea. Med Surg Report Philadelphia.
1872;26:317-21.
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[42] Lüesse HG, Schiefer J, Spruenken A, Puls C, Block F,
Kosinski CM. Evaluation of R6/2 HD transgenic mice for
therapeutic studies in Huntington’s disease: Behavioral test-
ing and impact of diabetes mellitus. Behav Brain Res.
2001;126:185-95.

[43] Jenkins BG, Klivenyi P, Kustermann E, Andreassen OA,
Ferrante RJ, Rosen BR, et al. Nonlinear decrease over time
in N-acetyl aspartate levels in the absence of neuronal loss
and increases in glutamine and glucose in transgenic Hunt-
ington’s disease mice. J Neurochem. 2000;74:2108-19.

[44] Surwit RS, Schneider MS, Feinglos MN. Stress and diabetes
mellitus. Diabetes Care. 1992;15:1413-22.

[45] Evans JL, Goldfine ID, Maddux BA, Grodsky GM.
Oxidative stress and stress-activated signaling pathways:
A unifying hypothesis of type 2 diabetes. Endocr Rev.
2002;23:599-622.

[46] Miller TW, Shirley TL, Wolfgang WJ, Kang X, Messer A.
DNA vaccination against mutant huntingtin ameliorates the
HDR6/2 diabetic phenotype. Mol Ther. 2003;7:572-9.

[47] Wood NI, Goodman AOG, van der Burg JMM, Gazeau V,
Brundin P, Björkqvist M, et al. Increased thirst and drinking
in Huntington’s disease and the R6/2 mouse. Brain Res Bull.
2008; 76:70-9.

[48] Morton AJ, Lagan MA, Skepper JN, Dunnett SB. Pro-
gressive formation of inclusions in the striatum and
hippocampus of mice transgenic for the human Hunting-
ton’s disease mutation. J Neurocytol. 2000;29:679-702.



188 M.T. Montojo et al. / Diabetes in Huntington’s Disease

[49] Smith R, Bacos K, Fedele V, Soulet D, Walz HA, Obermüller
S, et al. Mutant huntingtin interacts with beta-tubulin and
disrupts vesicular transport and insulin secretion. Hum Mol
Genet. 2009;18:3942-54.

[50] Andreassen OA, Ferrante RJ, Huang HM, Dedeoglu A, Park
L, Ferrante KL, et al. Dichloroacetate exerts therapeutic
effects in transgenic mouse models of Huntington’s disease.
Ann Neurol. 2001;50:112-7.

[51] Weir GC, Laybutt DR, Kaneto H, Bonner-Weir S, Sharma
A. Beta-cell adaptation and decompensation during the
progression of diabetes. Diabetes. 2001;50(Suppl 1):
S154-9. h

[52] Sadagurski M, Cheng Z, Rozz A, Palazzolo I, Kelley GR,
Dong X, et al. IRS2 increases mitochondrial dysfunction
and oxidative stress in a mouse model of Huntington disease.
J Clin Invest. 2011;121:4070-81.

[53] Kim BJ, Zhou J, Martin B, Carlson OD, Maudsley S, Greig
NH, et al. Transferrin fusion technology: A novel approach
to prolonging biological half-life of insulinotropic peptides.
J Pharmacol Exp Ther. 2010; 334:682-92.

[54] Ho DJ, Calingasan NY, Wille E, Dumont M, Beal MF.
Resveratrol protects against peripheral deficits in a mouse
model of Huntington’s disease. Exp Neurol. 2010; 225:
74-84.

[55] Chaudhury A, Duvoor C, Reddy-Dendi VS, Kraleti S,
Chada A, Ravilla R, et al. Clinical review of antidiabetic
drugs: Implications for type 2 diabetes mellitus manage-
ment. Front Endocrinol. 2017;8:6.

[56] Martin B, Golden E, Carlson OD, Pistell P, Zhou J, Kim W, et
al. Exendin-4 improves glycemic control, ameliorates brain
and pancreatic pathologies, and extends survival in a mouse
model of Huntington’s disease. Diabetes. 2009;58:318-28.

[57] Egan JM, Clocquet AR, Elahi D. The insulinotropic effect
of acute exendin-4 administered to humans: Comparison
of nondiabetic state to type 2 diabetes. J Clin Endocrinol
Metab. 2002;87:1282-90.

[58] Elfers CT, Simmons JH, Roth CL. Glucagon-like peptide-1
agonist exendin-4 leads to reduction of weight and caloric
intake in a rat model of hypothalamic obesity. Horm Res.
Pædiatrics. 2012;78:47-53.

[59] Ma TC, Buescher JL, Oatis B, Funk JA, Nash AJ, Carrier
RL, et al. Metformin therapy in a transgenic mouse model
of Huntington’s disease. Neurosci Lett. 2007;411:98-103.

[60] Martin B, Chadwick W, Cong W, Pantaleo N, Daimon CM,
Golden EJ, et al. Euglycemic agent-mediated hypothala-
mic transcriptomic manipulation in the N171-82Q model of
Huntington disease is related to their physiological efficacy.
J Biol Chem. 2012;287:31766-82.

[61] Skene DJ, Middleton B, Fraser CK, Pennings JLA,
Kuchel TR, Rudiger RS, et al. Metabolic profiling of
presymptomatic Huntington’s disease sheep reveals novel
biomarkers. Sci Rep. 2017;7:43030.

[62] Edwardson JM, Wang CT, Gong B, Wyttenbach A, Bai J,
Jackson MB, et al. Expression of mutant huntingtin blocks
exocytosis in PC12 cells by depletion of complexin II. J Biol
Chem. 2003;278:30849-53.

[63] Lalić NM, Marić J, Svetel M, Jotić A, Stefanova E,
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