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ABSTRACT

Objective: The effect of mHTT on human development was examined by evaluating measures of
growth in children at risk for Huntington disease (HD).

Methods: Children at risk for HD with no manifest symptoms (no juvenile HD included) were en-
rolled and tested for gene expansion for research purposes only. Measurements of growth
(height, weight, body mass index [BMI], and head circumference) in children tested as gene-
expanded (n � 20, 7–18 years of age, CAG repeats �39) were compared to those of a large
database of healthy children (n � 152, 7–18 years of age).

Results: Gene-expanded children had significantly lower measures of head circumference, weight,
and BMI. Head circumference was abnormally low even after correcting for height, suggesting a
specific deficit in brain growth, rather than a global growth abnormality.

Conclusions: These results indicate that, compared to a control population, children who were esti-
mated to be decades from HD diagnosis have significant differences in growth. Further, they suggest
that mHTT may play a role in atypical somatic, and in particular, brain development. Neurology® 2012;

79:668–674

GLOSSARY
BMI � body mass index; CC � combined control; HD � Huntington disease; ICV � intracranial volume; preHD � prediagnostic
stage of HD.

Recently, the classic concept of Huntington disease (HD) as a neurodegenerative disease of the
striatum has been challenged. Both studies of animal models of HD1 and preHD adults2 propose
that while the primary neuropathology is neurodegeneration, abnormal brain development could
contribute to the pathophysiology of the disease. Normal and mutant Huntingtin gene (HTT and
mHTT) are systematically3 expressed throughout the course of development and into adulthood.4

This pattern of expression (across all stages of development as well as throughout the body) beg the
question of whether there are developmental or somatic effects of mHTT.

One potential somatic feature of HD is that of weight loss,5–7 which is particularly marked
in later stages of the illness. However, this symptom also appears early in the course of disease
and may precede motor abnormalities.6,8,9 In addition, in a large MRI study, measures of
intracranial volume (ICV) in preHD subjects were significantly smaller compared to controls,
suggesting that the preHD subjects had abnormal development leading to a smaller than
normal brain.2 As reduced body mass index (BMI) and ICV are both documented in preHD
adults, unresolved issues include whether or not these decrements are present in childhood and
what may be the developmental trajectory of these measures.

In the current study, basic anthropometric measures of height, weight, BMI, and head
circumference in children at risk for HD were evaluated. Measurements of growth in gene-
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expanded children were compared to those of
a large database of healthy children, as well as
to those of gene-nonexpanded children.

METHODS Participants and measurements. Adults
who have been clinically diagnosed with HD or tested gene-
expanded through the HD Center of Excellence clinic or the
HD Registry at the University of Iowa were asked to enroll their
children for participation. A total of 34 participants, ages 7–18
years, were recruited. Testing for gene expansion was done using
blood or saliva. Participants with a CAG repeat length equal to
or greater than 39 were designated as gene-expanded (n � 20,
CAG repeat range � 39–55) and the remaining 14 were tested
gene-nonexpanded and therefore added into the healthy control
comparisons. The results of genetic testing were not revealed to
the participant, their family, or even any member of the research
team. This information was deidentified and used only for re-
search purposes.

For the gene-expanded group, estimated years to onset were
calculated using a formula that accounts for age and CAG repeat
length.10 The mean estimated years to onset was 31.55 years with
a range of 11.63 to 54.87.

All participants were examined by an experienced clinician
(either a child neurologist or psychiatrist trained in motor score
ratings for HD) for neurologic signs of HD. No participant dis-
played any significant motor abnormalities on the Unified
Huntington’s Disease Rating Scale (UHDRS; no diagnostic
confidence ratings above a 1).11 Healthy children were recruited
from the community via local newspaper advertisements. All
children in the healthy control group had no major medical,
neurologic, or psychiatric illness, nor any history of learning dis-
ability as disclosed by parents during the screening process. Pa-
rental socioeconomic status of all participants was obtained using
a modified Hollingshead Scale of 1 to 5, with a lower number
corresponding to higher socioeconomic status.12 All participants
gave informed consent prior to enrolling in the protocol, which
was approved by the University of Iowa Institutional Review
Board.

Table 1 displays the demographic information for the 2 at-
risk groups (gene-expanded [n � 20] and gene-nonexpanded
[n � 14]), and the healthy control (HC) group (n � 138).
Analysis of variance was used to compare demographic vari-
ables across groups. There were no significant differences in
age or sex distribution among the 3 groups. There was a sig-
nificant difference in socioeconomic status measure among
the 3 groups. Post hoc analysis revealed that the parental so-
cioeconomic status of gene-nonexpanded group was signifi-

cantly lower than that of the HC group [t(2,169) � 0.51, p �

0.007].
For the initial analysis, the gene-nonexpanded group (n � 14)

and the healthy control group (n � 138) were merged, compris-
ing a total control sample of 152. Table 1 shows the demograph-
ics for this combined control (CC) group. t-Test results showed
no significant differences in age, sex distribution, or parental
socioeconomic status between the gene-expanded group and the
CC group.

Measurements. Basic anthropometric measures of height
(cm), weight (kg), and head circumference (cm) were obtained
by trained research nurses in the University of Iowa’s Institute
for Clinical and Translational Sciences. All participants were
measured on the same equipment using the same measurement
protocols.

Statistical analysis. All analyses were performed using the
statistical software package SAS.13 The first analysis compared
gene-expanded subjects to the CC group (table 2). General Lin-
ear Model procedure was used to compare all anthropometric
measures (height, weight, head circumference, BMI � weight
kg/height m2) between groups with fixed variable of CAG ex-
pansion status (gene-expanded vs combined control), adjusting
for age, sex, and parental socioeconomic status. As head size is
related to overall stature, the analysis of head circumference also
contained height as a covariate. All possible interaction terms
among age, sex, and group were entered into the models. We
also added the quadratic term for age (age2) to investigate poten-
tial nonlinear interactions between age and growth measure-
ments. Interaction terms were deleted from the model if they
were not significant. An � level of 0.05 was used for significance
tests.

This analysis was repeated comparing the 3 groups of at-risk
gene-expanded, at-risk gene-nonexpanded, and HC (table 3).
The relationship between anthropometric measures and CAG
length was tested (within the gene-expanded group), employing
a nonparametric spearman correlation, controlling for age and
parental socioeconomic status.

To assess the relationship between measures of growth and
age or growth trajectory, we plotted each measure across the age
range for each group and calculated the relationship between age
and that measure. This analysis was cross-sectional with each
measure representing 1 individual as there were no intrasubject
longitudinal data.

RESULTS Gene-expanded compared to CC group.
Height. The results showed a significant main effect of

Table 1 Demographic information of gene-nonexpanded, gene-expanded, healthy control, and combined
control group

GNE (n � 14),
mean (SD)

GE (n � 20),
mean (SD)

HC (n � 138),
mean (SD)

CC groupb (n � 152),
mean (SD)

M/F 6/8 8/12 65/73 71/81

Age, y 12.92 (3.43) 13.96 (3.43) 12.91 (2.59) 12.91 (2.66)

Parental SESa 2.86 (0.77) 2.45 (0.60) 2.35 (0.56) 2.40 (0.59)

CAG repeat 21 (3.14) 45.15 (5.05) NA NA

Abbreviations: CC � combined control; GE � gene-expanded; GNE � gene-nonexpanded; HC � healthy control; NA � not
applicable; SES � socioeconomic status.
a The mean parental SES of gene-nonexpanded group was significantly lower than healthy controls ( p � 0.007).
b Combined control group of healthy controls (n � 138) and gene-nonexpanded group (n � 14).
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age, sex, and an age2 by sex interaction on height.
The main effects of age and sex were as expected with
higher age being associated with higher height values,
and males being taller than females. Further evalua-
tion of the sex by age2 interaction showed that males
have a significantly different growth trajectory com-
pared to females. The growth trajectories of our sam-
ple (figure 1) matched those produced by the Centers
for Disease Control14 and used as standard growth
curves for most health care providers.15 In these
charts, the height of females reaches a peak and pla-
teaus around age 16 while the males do not plateau
through this age range, peaking their height after the
age of 18 years. The trajectories in our sample match
those of the standardized trajectories supporting the
use of our healthy sample as a valid control sample.

After controlling for all covariates and interac-
tions, the mean height of the gene-expanded group
was lower than the mean for the CC group; however,
this difference did not reach statistical significance
(F6,165 � 2.35, p � 0.13).

Weight. There was a significant main effect of age,
sex, and an age2 by sex interaction on weight. Similar
to height, the main effects were as expected with
higher weight being associated with higher age, and
males having greater weight than females. In parallel

to height, the weight of females peaked near age 17,
yet the males did not plateau in this age range.

The model did produce a significant effect of
group (F6,165 � 5.68, p � 0.02) with children in the
gene-expanded group having significantly lower
mean weight than the children in the CC group.

Body mass index. There was a main effect of age on
BMI, but no main effect of sex nor sex by age (or
age2) interaction. There was a main effect of group
(F4,167 � 4.18, p � 0.04): mean BMI was signifi-
cantly lower in children in the gene-expanded group
when compared to that of the CC group.

Head circumference. The analysis showed a significant
effect of height, age, and sex on head circumference.
Main effects of sex and height showed that being male
and higher measures of height were associated with
larger head circumference. The gene-expanded group
showed a significantly smaller mean head circumference
than the CC group (F5,166 � 5.65, p � 0.018).

There was no sex by group interaction for any
measure indicating that both males and females in
the gene-expanded group showed the same pattern of
deficits compared to the CC group. However, given
the small sample size (only 8 males in the gene-
expanded group), larger samples will be needed to
evaluate possible sex differences more thoroughly.

Table 2 Results of comparison in growth measures between gene-expanded group and combined
control group

GE (n � 20) CCa (n � 152)

F pAdjusted mean SD Adjusted mean SD

Height, cmb 154.47 16.21 157.42 15.15 2.35 0.13

Weight, kgb 47.22 16.8 54.69 19.33 5.68 0.02

BMI, kg/m2c 19.42 3.86 21.43 4.79 4.18 0.04

Head circumference, cmd 54.82 2.53 55.73 2.11 6.16 0.01

Abbreviations: BMI � body mass index; CC � combined control; GE � gene-expanded; SES � socioeconomic status.
a Combined control group of healthy controls (n � 138) and gene-nonexpanded group (n � 14).
b Adjusted for age, sex, age2

� sex, and SES.
c Adjusted for age, sex, and SES.
d Adjusted for height, age, age2

� sex, and SES.

Table 3 Results of comparison in growth measures between gene-nonexpanded, gene-expanded, and healthy control group

GNE (n � 14),
mean (SD)

GE (n � 20),
mean (SD)

HC (n � 138),
mean (SD) F p

Parameter estimate (p value)

GNE vs GE GNE vs HC GE vs HC

Height, cma 160.55 (16.91) 152.93 (16.21) 157.33 (15.00) 3.60 0.03 2.66 (0.01) 2.19 (0.03) 1.23 (0.22)

Weight, kga 64.63 (22.73) 46.71 (16.8) 53.74 (18.74) 8.08 �0.001 4.00 (�.0001) 3.19 (0.002) 1.98 (0.05)

BMI, kg/m2b 24.5 (6.35) 19.44 (3.86) 21.11 (4.51) 6.5 �0.005 3.58 (�0.005) 2.94 (0.004) 1.74 (0.08)

Head circumference, cmc 56.22 (2.42) 54.83 (2.53) 55.67 (2.08) 3.76 0.03 2.58 (0.01) 1.16 (0.25) 2.33 (0.02)

Abbreviations: GE � gene-expanded; GNE � gene-nonexpanded; HC � healthy control; SES � socioeconomic status.
a Adjusted for age, sex, age2

� sex, and SES.
b Adjusted for age, sex, and SES.
c Adjusted for height, age, age2

� sex, and SES.

670 Neurology 79 August 14, 2012



Since the gene-nonexpanded group was quite
small and to investigate the possibility that outliers in
that group were driving the findings, we repeated all
above analysis using nonparametric methods (rank-
ing the variables). The findings remained the same
with no change in significance.

Figure 2 shows the trajectories of the 2 groups
for each growth measurement. There was no group
by age (or age2) interaction, nor any triple interac-
tion between sex, group, and age (or age2). This
suggests that the 2 groups (and the sexes within
both groups) had equivalent trajectories of growth.
As there was no significant interaction between sex,
age, and group, the growth trajectory for each group
is accurately represented by combining the sexes in
each group.

Figure 2C depicts the BMI trajectory for both
groups. Although the group by age interaction was
not significant, there did appear (by viewing the fig-
ure) to be a lower slope of growth over time for the
gene-expanded group. To evaluate further, a post
hoc analysis evaluated extreme groups with gene-
expanded participants of age 7–12 years (n � 7)
compared to controls in the same age range (n � 88)
and gene-expanded participants ages 13 years and
above (n � 13) compared to controls in the same age
range (n � 64). The gene-expanded participants of
ages 7–12 had no significant difference in BMI when
compared to healthy peers (F4,95 � 0.06, p �
0.809). On the contrary, the gene-expanded partici-
pants ages 13 and above had significantly lower BMI

(mean [SD] � 20.69 [1.58]) compared to control
subjects in the same age range (mean [SD] � 23.79
[1.58]; F4,65 � 4.03, p � 0.048).

Gene-expanded vs gene-nonexpanded vs HC group.
For all measures, the pattern of significant main effects
and interactions were the same as for the 2-group anal-
ysis (gene-expanded compared to CC group). We re-
port post hoc analyses of interest to compare the
findings across the 3 groups.

Height. Gene-expanded children were not signifi-
cantly shorter than the other 2 comparison groups.
However, the gene-nonexpanded group was signifi-
cantly taller than both the HC group and the gene-
expanded group.

Weight. Analysis revealed a stair-step pattern in
which gene-nonexpanded children were the heaviest
and significantly so compared to the HC group, and
the HC group was significantly heavier than the
gene-expanded group.

Body mass index. Similar to weight, the group with
the highest BMI was the gene-nonexpanded group,
which was significantly different compared to the HC
group. The gene-expanded group was lower in BMI
compared to the HC group; however, this was not sta-
tistically significant.

Head circumference. Head circumference was not sig-
nificantly different between the gene-nonexpanded
group and the HC group. However, the gene-expanded
group had significantly smaller head circumference
compared to both the HC group and the gene-
nonexpanded group.

Figure 2E illustrates the z scores of the growth
measurement results of children at risk for HD rela-
tive to the HC group. In sum, when all 3 groups were
compared to each other, both at-risk groups were
clearly atypical. That is, the gene-nonexpanded
group, compared to the HC group, was significantly
taller, weighed more, and therefore had a greater
BMI. Conversely, the gene-expanded children were
found to weigh less and to have smaller head circum-
ferences compared to healthy controls.

Length of CAG repeat and growth measurements.
Results of a Spearman nonparametric test revealed
a significant correlation between longer CAG re-
peats and smaller head circumference in the gene-
expanded group (rs � �0.58, p � 0.01). The
correlation results between the length of CAG re-
peat and height and BMI was essentially zero
(height: rs � �0.08, p � 0.77; BMI: rs � �0.10,
p � 0.69). The relation between the length of
CAG repeat and weight was negative indicating
higher CAG repeats were associated with lower
measures; however, they did not reach significance
(weight: rs � �0.21, p � 0.41).

Figure 1 Relationship between height and age

This scatterplot demonstrates the distribution of height by age for each participant includ-
ing those from both gene-expanded group and combined controls. Both male and female
growth trajectories of our current sample closely match the standardized trajectories pro-
duced by the Centers for Disease Control and Prevention.
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DISCUSSION In the current study, the children
who were tested as gene-expanded were, on average,
greater than an estimated 3 decades from the onset of
disease. The results indicated that these preHD chil-
dren have subtle abnormalities in anthropometric
measures of growth—namely, lower weight, BMI,
and head circumference—compared to controls.

The findings of lower weight and BMI in preHD
children extend the results shown in preHD adults
and HD patients. Marked weight loss or reduced
body mass is observed in both early and, in particu-
lar, later phase of the disease.5,16,17 Although constant
caloric burn due to involuntary choreic movements is
one possible explanation for the weight loss in mani-
fest HD, lower body weight in spite of higher daily
caloric intake and unaltered physical activity level has
been seen in preHD adults.6,18 Given that the preHD
children were free of involuntary movements further
supports the idea of a primary abnormality in meta-
bolic rate underlying this issue in HD.18–21

Defects in energy metabolism that may or may
not be related to mitochondrial function have not

only long been the center of studies of the pathogen-
esis,22–24 but also been the target of therapeutic ap-
proaches of HD in humans and animal models.25,26

Mitochondrial dysfunction influenced by mHTT is
present in the brain27,28 and in non-neuronal tissue.29

Findings from the current study suggest that abnor-
malities in energy metabolism may manifest first as
abnormalities in growth.

In contrast to the at-risk gene-nonexpanded chil-
dren, gene-expanded children were found to have
lower weight and BMI. All at-risk children come
from homes in which a parent or grandparent has
HD. Especially for those children whose parents are
affected, there may well be significant disruption in
the family dealing with such a disabling disease.
Given the multifactorial nature of childhood devel-
opment, we cannot entirely exclude the contribution
of environmental factors on growth in the gene-
expanded children. However, growth deficit in the
gene-expanded group compared to gene-nonexpanded
group points to the genetic influence on these decre-
ments, as the 2 at-risk groups both come from poten-

Figure 2 Growth trajectory and Z score of growth measurements of CAG gene-expanded and gene-nonexpanded group

Growth trajectory in (A) height, (B) weight, (C) body mass index (BMI), and (D) head circumference of children with and without CAG gene expansion is
depicted. The dashed lines indicate the 95% confidence limits for the fitted trend lines. (E) Findings in growth measurements of children at risk for
Huntington disease in comparison with healthy controls. Z score of 0 represents healthy controls.
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tially chaotic homes but differ only in the gene
expansion status. Although none of the current sample
of at-risk children exhibited clinically significant psy-
chiatric symptoms such as depression, future studies
clarifying any possible factors affecting the child’s nu-
tritional intake would be of benefit.

The higher measures of height, weight, and BMI
in the gene-nonexpanded group in comparison to
the gene-expanded group can potentially be attrib-
uted to environmental factors. The children in the
gene-nonexpanded group had significantly lower pa-
rental socioeconomic status compared to healthy
controls. Whereas height shows a high genetic influ-
ence with a heritability close to 0.8, weight is largely
driven by environmental factors,30–32 with greater in-
cidence of childhood obesity associated with lower
parental education and social class.33,34 Moreover,
weight gain to obesity early in infancy and childhood
has been shown to be accompanying greater height
and growth measures during development.35–37

Therefore, the increase in stature seen in our gene-
nonexpanded children is likely due to the metabolic
effects of being overweight rather than a primary ef-
fect on growth hormone.

The significantly smaller head circumference ob-
served in preHD children also mirrors the findings of
a previous study showing substantially lower ICV in
preHD adults than controls.2 Head circumference is
a significant predictor of brain volume and is highly
correlated with ICV,38,39 which is an indicator of
maximal brain growth,40 as the enlargement of the
cranium is a passive translation of the expansion of
the enclosed neural mass.41 Especially in light of the
normal achievement of height in this group, the
small head circumference suggests a specific brain
growth abnormality rather than an overall or general
growth abnormality. That is, given a relatively nor-
mal height, the lower head circumference indicates
that the head is disproportionately small, and there-
fore showing an abnormality of brain growth. Fur-
thermore, the significant association between longer
CAG repeat length and smaller head circumference
highlights the direct genetic impact of expanded CAG
repeat on this measure. These results suggest that the
CAG repeats above the threshold of 39 repeats not only
have a negative influence on development but also exert
its influence in a dosage-dependent style.

PreHD children did not show any significant al-
terations in growth trajectories compared to controls.
These results may be linked to the limited power in
our sample. Though our healthy control sample was
large and comparable to the standards used by health
care providers, our gene-expanded group was small.
Although the difference did not reach statistical sig-
nificance, the BMI trajectory of preHD children ap-

peared to have a lower slope compared to that of the
controls. Perhaps a larger sample would provide the
power needed for statistical significance, as further
post hoc analysis confirmed a significant difference
in BMI between preHD children and age-matched
controls to emerge at a postpubescent age range
(13–18 years).

It is important to highlight that the abnormalities
in growth measures are statistically significant, yet
clinically subtle. While the findings do not support
clinically relevant abnormalities, the results may be
essential to understand both the roots as well as the
scope of HD.

Finally, the present study is limited by small sam-
ple size. Though large enough to detect significant
differences, we were not able to accurately assess sub-
tle effects of potential sex by group interactions or
growth trajectories. The current study is ongoing and
additional accumulation of both cross-sectional and
longitudinal data will further our understanding of
the effect of CAG expansion on developmental pro-
cesses in HD.
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