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Abstract
Background—Adolescents with anorexia nervosa (AN) have low bone density and low levels of
surrogate markers of bone formation. Low bone density is a consequence of hormonal alterations
that include hypogonadism and decreases in IGF-1, a bone trophic factor. Although IGF-1 is key
to pubertal bone accretion, and effects have been demonstrated in adults, there are no data
regarding the effect of recombinant human (rh) IGF-1 administration in adolescents with AN.

Objectives—We hypothesized that rhIGF-1 would cause an increase in PINP, a bone formation
marker, in girls with AN, without any effect on CTX, a bone resorption marker.

Subjects and methods—RhIGF-1 was administered at a dose of 30–40 mcg/k twice daily to
10 consecutive girls with AN 12–18 years old for 7–9 days. Ten age-matched girls with AN were
followed without rhIGF-1 for a similar period. IGF-1, PINP and CTX levels were measured.

Results—RhIGF-1 administration caused an increase in IGF-1 from day-1 to day-4/5 (p <
0.0001) and day-1 to day-8/9 (p < 0.0001). Simultaneously, PINP increased from day-1 to day-4/5
(p=0.004) and day-1 to day-8/9 (p=0.004), with a smaller increase from day-4/5 to day-8/9
(p=0.048). CTX levels did not change with rhIGF-1 administration. No changes occurred in IGF-1
or PINP levels in girls not receiving rhIGF-1; however, CTX levels increased significantly
(p=0.01). Percent change in PINP was significantly higher (p=0.02) and percent change in CTX
was significantly lower (p=0.006) in girls who received rhIGF-1 compared to those who did not
receive any intervention. RhIGF-1 was well tolerated without hypoglycemia.

Conclusion—Short-term administration of rhIGF-1 causes an increase in a surrogate bone
formation markers in girls with AN without significant side effects.
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Introduction
Anorexia nervosa (AN), an eating disorder characterized by self-imposed severe nutritional
restriction and weight loss, has a high prevalence (0.2–4.0%) amongst adolescent and
college-aged women [1,2]. Low bone mineral density (BMD) is common in adolescents
with AN [3,4] and is of particular importance in this younger age group because the pubertal
years are critical for bone mass accrual. In fact, BMD is more severely affected when AN
develops in childhood than when it develops in adult life, despite a similar duration of
amenorrhea [5]. Hormonal contributors of low BMD in adolescents with AN include
hypogonadism, relative hypercortisolemia, and alterations in other hormones that affect
bone metabolism such as ghrelin, leptin, adiponectin and peptide YY [4,6–10]. Although
hypoestrogenemia is an important contributing factor to low BMD given the known anti-
resorptive effects of estrogen [11], estrogen containing oral contraceptive pills do not
increase BMD in this condition [12,13]. These data suggest that correction of nutritionally
dependent factors in addition to estrogen deficiency may be essential to improve BMD in
adolescents with AN.

An important observation regarding low bone mass in girls with AN has been that a
nutritionally acquired resistance to growth hormone (GH) with low levels of insulin like
growth factor-1 (IGF-1) occurs [7]. IGF-1 is a nutritionally dependent bone trophic hormone
which stimulates osteoblast function and collagen formation [14–16], and IGF-1 levels peak
around mid-puberty [17], in concordance with rising GH levels. GH and IGF-1 levels are
markedly increased in adolescent girls compared to adults and play a major role in bone
accretion. Our group has demonstrated that girls with AN have significantly lower IGF-1
levels than healthy adolescents [7,18], and increases in IGF-1 with weight recovery predict
increases in bone formation markers [18]. These data indicate that low circulating or local
IGF-I resulting from undernutrition may contribute to low BMD in AN. However, the
impact of rhIGF-1 administration on bone formation in children with AN has not been
studied.

Our group previously used an experimental model of short-term caloric restriction in normal
adult women leading to low levels of IGF-I and low levels of markers of bone turnover to
investigate effects of recombinant human (rh) IGF-I administration. In such women as well
as in adult women with AN, rhIGF-1 caused an increase in surrogate markers of bone
formation [19,20]. However, there are no studies investigating effects of rhIGF-1
administration on bone metabolism in adolescent girls with AN. Bone accretion in children
is a physiologically different state from the maintenance of bone mass in adults, with the
former being a high formation and resorption state (especially in early puberty) [21] with
formation exceeding resorption leading to a net increase in bone mass, while in the latter,
similar rates of bone formation and resorption result in no net changes in bone mass.
Because IGF-1 is an important determinant of the pubertal increase in bone mass [14],
effects of rhIGF-1 may differ in adolescent AN girls than observed in adults with this
disorder and are important to determine. In addition, the safety of rhIGF-1 administration in
adolescents with this disorder is unknown.

To investigate the hypothesis that subcutaneous rhIGF-1 administration in adolescents with
AN would stimulate bone formation, we investigated responses of a surrogate marker of
bone formation (PINP: N-terminal propeptide of type 1 procollagen) and of bone resorption
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(CTX: C-telopeptide) to short-term rhIGF-I administration for a 7–9 day period in 10
consecutive adolescent girls with AN. We also assessed the safety profile of rhIGF-1
administration. In addition, we assessed changes in levels of PINP and CTX over a similar
duration in 10 girls with AN matched for age and pubertal stage, who did not receive
rhIGF-1.

Subjects and methods
Subject selection

All study subjects were between 12 and 18 years old and met DSM-IV criteria for the
diagnosis of AN [22] as confirmed by the treating physician and the study psychiatrist. Ten
consecutive adolescent girls with AN (16.2±0.4 years) who met inclusion criteria were
enrolled to receive rhIGF-1 for 7–9 days. These girls were matched for age and pubertal
stage with 10 AN girls (16.3±0.6 years), who were followed without intervention for a
similar duration. The AN girls who served as controls were drawn from a previously
compiled dataset (not published), and matching was performed by a blinded observer before
blood samples were run for IGF-1 and bone turnover markers. For matching, the first subject
who received rhIGF-1 was matched for age (within one year) and pubertal stage (within one
Tanner stage) with the first available subject from the dataset, the second subject receiving
rhIGF-1 with the second available subject from the dataset and matching was similarly
performed for all subsequent subjects. Median duration since diagnosis of AN was 6.1
months in the group that received rhIGF-1 and 9 months in the group that did not receive
rhIGF-1 (p not significant). All subjects had the restrictive form of anorexia nervosa. Five
subjects, two in the group that received rhIGF-1 and three in the group that did not receive
rhIGF-1 admitted to occasional purging, but did not meet criteria for bulimia nervosa.
Subjects and their parents gave written assent and consent for the study, which was
approved by the Institutional Review Board of Partners Health Care.

Experimental design
Subjects were studied as outpatients at the General Clinical Research Center (GCRC) of the
Massachusetts General Hospital. Abnormal thyroid function, primary ovarian failure,
hypokalemia and hypoglycemia were exclusion criteria. We also excluded subjects with
history of any illness other than AN known to affect bone mineral metabolism, or history of
use of medications known to affect bone density within three months of study initiation. The
baseline (day 1) visit included a complete history and physical examination, and fasting
blood was drawn between 7 and 8 a.m. for IGF-1, PINP and CTX. Weight was measured on
a single electronic scale in a hospital gown. Height was measured on a single stadiometer at
the GCRC in triplicate and averaged. Body composition was assessed by dual energy X-ray
absorptiometry (DXA: Hologic 4500, Waltham, MA). Bone age was estimated from left
hand and wrist X-rays using the standards of Greulich and Pyle [23]. Both bone age and
pubertal stage were assessed by a single pediatric endocrinologist.

For the 10 consecutive girls with AN who received rhIGF-1, rhIGF-1 treatment was begun
on the day of baseline evaluation. In order to minimize the risk of hypoglycemia, rhIGF-1
was administered subcutaneously using U100 insulin syringes twice a day 20 min after
breakfast and after dinner. A graded dose escalation was performed to assess safety of
rhIGF-1 administration. We started the study with the adult dose of 30 mcg/k twice daily
[24] in the first five subjects, and when we observed no significant side effects with this
dose, we increased the dose in a pubertal stage specific manner to 35 mcg/k twice daily for
girls who were at Tanner stages 3 and 4 of puberty, and 40 mcg/k twice daily for girls in
Tanner stage 5 of puberty (based on pubertal stage specific IGF-1 reference ranges). We
considered it important to examine effects of a higher dose of rhIGF-1 in adolescents with
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AN than used in our study in adult women with AN, given that children with primary IGF-1
deficiency and short stature require even higher doses of rhIGF-1 (up to 120 mcg/k/dose
twice daily) for replacement therapy [25]. Three girls with AN received the 35 mcg/k twice
daily dose and two received the 40 mcg/k twice daily dose based on Tanner staging.

The first injection of rhIGF-1 was administered at the GCRC by a nurse, and the subject's
glucose level monitored by a glucose meter every 30 min for 3 h, given the possible
association of rhIGF-1 administration with hypoglycemia. To confirm the accuracy of the
fingerstick glucose level at each of the time points, plasma glucose levels were sent to the
laboratory. After the initial injection, the GCRC nurse taught the subject and/or her parents
how to administer the rhIGF-1 injection, and reviewed the technique of fingerstick glucose
testing. Subsequent rhIGF-1 injections were administered at home twice daily by the subject
or her parents for the duration of the study. To collect data in order to develop a safety
profile of rhIGF-1 administration in girls with AN, subjects were instructed to check and
record glucose levels using a glucose meter at 1 and 2 h after each injection. Furthermore,
subjects were asked to check a fingerstick glucose level if they experienced any symptoms
suggestive of hypoglycemia. Symptoms of hypoglycemia were reviewed with the subject
and her parents, as well as appropriate actions to take if the subject developed
hypoglycemia. We defined hypoglycemia as a fingerstick or plasma glucose level of <60
mg/dl. Subjects maintained a diary for the duration of the study that included a record of all
fingerstick glucose levels as well as any side effects experienced during the study. We also
compared recorded glucose values in the diary against those obtained from the glucose
meter.

Subjects receiving rhIGF-1 returned for evaluation on day 4 or 5 and day 8 or 9 for a history
and physical examination (including weight measurement and fundoscopy), and to have
blood drawn fasting between 7 and 8 a.m. to evaluate biochemical endpoints (IGF-1, PINP
and CTX). Subjects with AN not receiving rhIGF-1 did not come for the day 4 or 5 visit.
Pregnancy was excluded in subjects at study visits. All subjects were enrolled in active
outpatient eating disorder programs. Although IGF-1 levels can change with weight
changes, nutritional restriction was not required for study participation because we did not
want the study to impact ongoing therapy. Instead, we examined weight changes in the
groups that did or did not receive rhIGF-1 and did not find any differences between the
groups. We also controlled for weight changes in our statistical analysis.

Laboratory methods
An immunoradiometric assay (Diagnostic Systems Laboratories, Inc, Webster, TX) was
used to measure serum IGF-I. The detection limit was 2.06 ng/ml and the intra-assay CV
was 3.9%. PINP was measured using a RIA (Orion Diagnostica, Espoo, Finland), with a
detection limit of 2 ng/ml and an intra-assay CV of 6.5–10.2%, and CTX using an ELISA
(Immunodiagnostics Systems Limited; Tyne and Wear, UK) with a detection limit of 0.02
ng/ml and an intra-assay CV of 1.7–3.0%. LH, FSH, TSH, potassium, glucose levels were
assessed by the hospital laboratory using published methods [26].

Statistical methods
Data are reported as means±SE, and were analyzed using the JMP program (version 4, SAS
Institute Inc., Cary, NC). Baseline comparisons were performed using the Student t-test. We
used paired t-tests to assess (i) differences in levels of IGF-1, PINP and CTX at day 4/5 and
day 8/9 from baseline levels in girls with AN receiving rhIGF-1, and (ii) differences in
levels of IGF-1, PINP and CTX from baseline levels in girls with AN not receiving rhIGF-1.
These data are reported as means± SEM. We also compared percent change in PINP and
CTX from day 1 to day 8/9 between girls who did or did not receive rhIGF-1. Associations

Misra et al. Page 4

Bone. Author manuscript; available in PMC 2013 March 06.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



between changes in IGF-1 levels (Δ IGF-1) with changes in PINP (Δ PINP) and CTX (Δ
CTX) were determined. Because these data were not normally distributed and logarithmic
conversions were not successful in approximating a normal distribution, we used Spearman's
correlation to determine these associations. We also used mixed model multiple regression
analysis to determine whether changes in IGF-1 levels predicted changes in levels of bone
turnover markers independent of weight changes (p < 0.11 to enter and <0.10 to leave the
model), and also independent of age and pubertal stage.

Results
Baseline characteristics

Girls with AN who received rhIGF-1 did not differ from girls not receiving rhIGF-1 for age,
bone age, height, weight, BMI, BMI SDS, fat mass, lean mass or IGF-1 levels (Table 1).

Changes in IGF-1, PINP and CTX with or without RhIGF-1 administration
Changes in IGF-1 and in levels of surrogate markers of bone turnover in girls with AN who
received rhIGF-1 or were followed without rhIGF-1 administration are shown in Table 2.
IGF-1 levels increased significantly in girls with AN with rhIGF-1 administration, but did
not change in girls with AN who did not receive rhIGF-1.

Girls with AN who received rhIGF-1 for 7–9 days (Table 2)
On a paired t-test there was a significant increase in IGF-1 levels following rhIGF-1
administration from day 1 to day 4/5 (p < 0.0001) and from day 1 to day 8/9 (p < 0.0001).
Maximal increases were seen by day 4/5 and were sustained with no further increase from
day 4/5 to day 8/9. IGF-1 levels returned to baseline following discontinuation of rhIGF-1 in
all subjects who returned for the day 23/24 visit. Commensurate with an increase in IGF-1,
levels of PINP, a bone formation marker, increased significantly from day 1 to day 4/5
(p=0.004) and from day 1 to day 8/9 (p=0.004), with a smaller but significant increase from
day 4/5 to day 8/9 (p=0.048). CTX levels (bone resorption marker) did not significantly
change following rhIGF-1 administration. Percent change in PINP levels over the study
duration was significantly higher (29.4±9.8 versus 2.5±4.8%, p=0.02), and percent change in
CTX levels significantly lower (−3.7±7.6 versus 62.3±18.3%, p=0.006), in girls with AN
who received rhIGF-1 compared with those that did not (Fig. 1).

We also examined changes in IGF-1, PINP and CTX within girls with AN who received the
lower dose of rhIGF-1 (30 mcg/k/dose twice daily) (first five subjects) and those who
received the higher dose of rhIGF-1 (35–40 mcg/k/dose twice daily) (last five subjects). In a
paired t-test, with the lower dose, the mean difference in IGF-1 levels was 433.5±15.7 ng/ml
(p=0.0001) from day 1 to day 4/5 and 522.8± 80.1 ng/ml (p=0.007) from day 1 to day 8/9.
With the higher dose, mean difference in IGF-1 was 582.0±47.3 ng/ml (p=0.001) from day 1
to day 4/5 and 563.0±33.7 ng/ml (p=0.0005) from day 1 to day 8/ 9 (Fig. 1). Associated
mean difference in PINP with the lower dose was 35.9±10.7 ng/ml (p=0.04) from day 1 to
day 4/5 and 41.5± 15.1 ng/ml (p=0.07) from day 1 to day 8/9, and with the higher dose,
26.4±11.5 ng/ml (p=0.10) and 37.2±13.0 ng/ml (p=0.05) respectively. No differences in
CTX were observed with either dose.

Girls with AN who did not receive rhIGF-1
No change in IGF-1 levels occurred in this group over the follow-up period as assessed
using the paired t-test (Table 2). Similarly, no significant change in PINP levels was
observed. A significant increase occurred in levels of CTX (p=0.01).

Misra et al. Page 5

Bone. Author manuscript; available in PMC 2013 March 06.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Association between changes in IGF-1 levels and changes in PINP and CTX
There was a positive association between the change in IGF-1 levels (Δ IGF-1) from day 1
to day 8/9 and the change in PINP (Δ PINP) over the same period within girls who received
rhIGF-1 (r=0.89, p=0.0005), those who did not receive rhIGF-1 (r=0.71, p=0.003), and for
all girls with AN taken together (r=0.74, p=0.0003) using Spearman's correlation.
Interestingly, for the group of AN girls as a whole, but not for the individual groups, we
found an inverse association between Δ IGF-1 and change in CTX (Δ CTX) (r=−0.59,
p=0.008). These associations held when we used Δ IGF-1 SDS rather than Δ IGF-1.

Change in weight (Δ weight) over the week was −0.01±0.40 kg for girls receiving rhIGF-1
and −0.01±0.25 kg for girls not receiving rhIGF-1 (p not significant). For all girls with AN
taken together, Δ IGF-1 remained a significant positive predictor of Δ PINP (accounting for
52% of the variability) and an inverse predictor of Δ CTX (accounting for 38% of the
variability) in a regression model that included Δ weight over the study duration. Within
girls who received rhIGF-1, Δ IGF-1 levels over a week contributed to 56% of the
variability of Δ PINP over that period after controlling for Δ weight (p=0.03), but did not
predict Δ CTX. Similarly, within girls who did not receive rhIGF-1, Δ IGF-1 levels over a
week contributed to 50% of the variability of Δ PINP over that period after controlling for Δ
weight (p=0.03), but did not predict Δ CTX. Baseline anthropometric measures (including
age, bone age and pubertal stage) and IGF-1 levels did not predict subsequent changes in
PINP levels.

Safety profile of RhIGF-1
RhIGF-1 was overall well tolerated by our subjects. Table 3 shows details of all reported
side effects. None of our subjects had fingerstick or plasma glucose levels of <60 mg/dl.
Reports of dizziness in one subject and headaches in four subjects were not associated with
low fingerstick or plasma glucose levels or with abnormal examination on fundoscopy.
Visual fields were normal in all. One subject had moderate headaches associated with
initiation of trazodone therapy for associated depression, and her headaches decreased after
weaning the trazodone dose after a week of study completion. Headaches resolved
spontaneously in two other subjects, and with medication in a third in one to two days. All
three subjects with possible study-related headaches had received 35–40 mcg/k/dose twice
weekly of rhIGF-1 (thus the higher dose). None of the subjects who received the lower dose
of rhIGF-1 reported headaches over the study duration.

Unrelated or unlikely to be related adverse events included an upper respiratory infection in
two subjects, nausea with abdominal pain and increased frequency of bowel movements in
two subjects, and a hospitalization for anorexia nervosa associated weight loss in a fifth.

Discussion
Our data are the first to examine the effects of rhIGF-1 administration on bone formation
markers in adolescents with AN. We found that rhIGF-1, when given in a dose of 30–40
mcg/k twice daily, successfully increases IGF-1 levels to a high normal range in adolescent
girls with AN and is associated with significant selective increases in levels of PINP, a
marker of bone formation, without a concomitant increase in CTX, a bone resorption
marker. The effect of rhIGF-1 administration is immediate; occurring over a short duration
of 7–9 days. The administration of rhIGF-1 was well tolerated in our cohort without
significant side effects. These data demonstrate that rhIGF-1 administration increases bone
formation markers in adolescents with AN, a state of decreased bone formation and low
bone mass.
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These data are of particular interest in this adolescent age group given that IGF-1 levels peak
in the pubertal years [17], and because IGF-1 has a very important role in optimizing peak
bone mass. Both GH and IGF-1 are bone anabolic and increase bone formation rates [14].
Together with anti-resorptive effects of estrogen, the bone anabolic effects of rising levels of
GH and IGF-1 are integral to the increase in bone mass characteristic of puberty. More than
25% of peak bone mass is accrued in the two perimenarchal years, with more than 90% of
peak bone mass being achieved by the end of the second decade [27]. Disorders such as AN
that are associated with a state of acquired GH resistance and low levels of IGF-1 [7] would
be expected to be also associated with low rates of bone formation, and consistent with this,
we have reported low levels of bone formation markers in adolescent girls with AN
[7,18,28]. In fact, adolescents with AN appear to be in a state of reduced bone turnover
overall, with a decrease in levels of both bone formation and bone resorption markers [29].
This is in contrast to normal adolescence, which is a state of increased bone turnover [21],
with bone formation rates exceeding bone resorption, resulting in a net increase in bone
accrual, and also in contrast to adults with AN, who have an increase in bone resorption
markers [19,30]. We have also reported that IGF-1 is an important predictor of bone
metabolism, and changes in IGF-1 directly predict increases in bone formation markers [18].

Weight recovery in girls with AN is associated with an increase in IGF-1 and bone
formation markers [18]. However, increase in bone density is modest, at least over a short
duration of follow-up, even with recovery of weight and menses [31]. Conversely, girls who
recover weight do not demonstrate the decrease in bone density observed in non-recovered
girls, and the expectation is that sustained recovery will eventually cause an increase in bone
mass accrual rates. However, given that there is a very narrow window in time in which to
optimize bone mass accrual during adolescence, with evidence that deficits incurred in this
time may be permanent [5], there is a need to consider therapeutic interventions to optimize
bone mass accrual and bone density during these critical years. Estrogen deficiency is an
important contributor to low bone density in AN, yet estrogen replacement as oral
contraceptive pills does not increase bone density in girls with AN [13]. IGF-1 replacement
is another possible therapeutic strategy to increase bone accrual rates and therefore bone
density, and our data are encouraging in that modest doses of rhIGF-1 are successful in
increasing markers of bone formation even over a short period of just 7–9 days. Changes in
IGF-1 levels positively predicted changes in levels of PINP for girls who received rhIGF-1,
those that did not receive rhIGF-1, and for the group as a whole. Long-term rhIGF-1 therapy
may thus lead to sustained increases in bone formation rates and in bone density.

We did not observe an increase in surrogate markers of bone resorption (CTX) over the
study duration, similar to a study of rhIGF-1 administration in adults with AN [19].
Typically, bone turnover is coupled such that an increase in bone formation is associated
with an increase in bone resorption. Interestingly, a lag period (referred to as the anabolic
window) has been reported following initiation of PTH therapy, when bone resorption rates
are still low [32–34]. PTH is a bone anabolic hormone, and it is possible that this lag period
may also occur with other anabolic therapies such as rhIGF-1. It is thus possible that a
longer duration of rhIGF-1 administration may demonstrate an increase in CTX in addition
to an increase in PINP. In this short-term study, CTX did not change with rhIGF-1
administration, but increased in girls not receiving rhIGF-1, and the change in IGF-1 was an
inverse predictor of change in CTX. These data suggest an inhibitory effect of rhIGF-1 on
bone resorption at least over a short duration of therapy, which needs to be better elucidated.
Importantly, this association was not maintained within the group that received rhIGF-1 or
did not receive rhIGF-1, and was only observed for the group as a whole. Further studies are
necessary to determine whether levels of bone resorption markers decrease or increase over
time with a longer duration of rhIGF-1 administration. A sustained inhibition of bone
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resorption rates associated with an increase in bone formation with rhIGF-1 administration
may cause bone mass accrual to be even greater than expected.

Although much higher doses of rhIGF-1 are used in children with severe primary IGF-1
deficiency than used in this study, the doses we used were sufficient to increase IGF-1 levels
to the upper half of the normal range, and were also sufficient to cause an increase in bone
formation markers over the week of administration. Interestingly, we observed significant
increases in IGF-1 and PINP levels even with the 30 mcg/k twice daily dose of rhIGF-1.
Therefore, even though this is a relatively small dose compared to doses used in primary
IGF-1 deficiency, this dose of rhIGF-1 may be sufficient to cause an increase in bone
formation and bone density in secondary causes of IGF-1 deficiency, such as AN.

We did not observe any episodes of hypoglycemia in our subjects, despite their low weights,
which may be a consequence of rhIGF-1 administration soon after meals. Conversely, a
larger number of subjects may be necessary before we observe this particular side effect.
Importantly, in another study, we did not observe hypoglycemia following rhIGF-1
administration in adult women with AN over a nine-month period [24], and children with
primary IGF-1 deficiency are reported to have a higher risk of hypoglycemia even before
rhIGF-1 administration. No evidence of raised intracranial pressure was evident in subjects
reporting headaches, as assessed by fundoscopy by study investigators at days 4 to 5 and
again at days 8 to 9 of rhIGF-1 administration. Mild to moderate intensity headaches that
were possibly study related occurred with the higher dose (35–40 mcg/k/dose twice daily) of
rhIGF-1, but not with the lower dose (30 mcg/k/dose twice weekly), although our sample
size was not large enough to be definitive about this. Because PINP effects were similar
with both IGF-1 dosing regimes, the higher dose of rhIGF-1 does not appear to be necessary
in girls with AN.

A limitation of our study is that this was not a randomized controlled trial of rhIGF-1 versus
placebo. However, by enrolling consecutive girls with AN who met inclusion criteria for
rhIGF-1 administration, and by matching these girls sequentially by age and pubertal stage
to another group of AN girls not receiving any intervention, we sought to eliminate some of
the biases associated with a non-randomized design. Importantly, matching was performed
before biochemical data were available to further minimize bias. Of importance, no
significant differences were observed in weight changes between the two groups. In
addition, other hormones that could potentially impact bone metabolism were not measured
at follow-up. However, the short duration of the study and lack of weight changes over the
study duration make it unlikely that significant changes occurred in body composition and
other hormones likely to impact bone metabolism. These parameters will need to be
assessed in a subsequent study of longer duration.

Another question is whether supraphysiological doses of rhGH could overcome the state of
GH resistance in AN and lead to an increase in bone formation and bone density. One non-
randomized study demonstrated an increase in IGF-1 levels with rhGH administration in AN
[10]. However, women in this study who received rhGH also had significant increases in
weight over the study duration and it is unclear whether increases in IGF-1 were related to
increases in weight or to rhGH administration, or whether weight gain during GH
administration was associated with an increase in total body water. In addition, this study
did not examine markers of bone turnover or bone density. There is also a risk for side
effects with very high doses of rhGH.

Our data indicate that short-term rhIGF-1 administration can increase levels of surrogate
markers of bone formation in adolescent girls with AN without significant side effects. The
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effect of chronic rhIGF-1 administration on bone density in this population is unknown and
remains to be determined.

Acknowledgments
We would like to thank the research nurses and bionutritionists at the General Clinical Research Center of
Massachusetts General Hospital and our subjects, without whom this study would not have been possible. We
would also like to thank Patrick Sluss, PhD, of Massachusetts General Hospital, and Dr. Clifford Rosen at Maine
Medical Center Research Institute, Portland, ME, for performing the IGF-1, PINP and CTX assays. We would like
to thank Hang Lee, PhD, for support with the statistical analysis required for this study.

Abbreviations

AN anorexia nervosa
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Fig. 1.
Percent change in levels of PINP and CTX in girls with anorexia nervosa who did (black
bars) or did not (gray bars) receive rhIGF-1. A significant increase occurred in PINP
following 7–9 days of rhIGF-1 administration in girls receiving rhIGF-1. In contrast, a
significant increase occurred in CTX over the study duration in girls who did not receive
rhIGF-1. *p < 0.05.
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Table 1

Baseline characteristics of adolescent girls with anorexia nervosa who received rhIGF-1 (n=10) or did not
receive rhIGF-1 (n=10).

AN: rhIGF-1+ AN: rhIGF-1−

Age (years) 16.2±0.5 16.3±0.6

Bone age (years) 15.3±0.5 16.2±0.5

Tanner stage (breasts) 4.5±0.2 4.8±0.1

Height (cm) 160.3±2.3 163.9±2.6

Weight (kg) 44.5±2.1 47.2±1.9

BMI (kg/m2) 17.2±0.4 17.5±0.3

BMI SDS −1.6±0.3 −1.3±0.2

Fat mass (kg) 9.2±0.6 9.2±0.8

Percent body fat 20.7±1.3 18.8±1.4

IGF-1 (ng/ml) 312±36 246±26

IGF-1 SDS −1.23±0.22 −1.53±0.14

PINP (ng/ml) 129.6±20.5 116.4±54.0

CTX (ng/ml) 1.07±0.13 1.07±0.22

AN: rhIGF-1+: Girls with anorexia nervosa who received rhIGF-1; AN: rhIGF-1−: Girls with anorexia nervosa who did not receive rhIGF-1.

There were no significant differences between the groups for baseline characteristics.
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Table 3

Side effects from rhIGF-1 administration.

Side effects Number of subjects Severity Relatedness to study Associated conditions

Headaches 4 All had normal fundoscopic
examinations and normal fingerstick or
plasma glucose levels

1 mild, 3
moderate

1 unrelated Unrelated: associated with simultaneous
use of trazodone

3 possibly or probably related
(all associated with the higher
dose of rhIGF-1)

Possibly/probably related: headaches
resolved spontaneously or with
medication in 1–2 days

Nausea and abdominal
pain

1 Moderate Unlikely Constipation

Dizziness 1 Mild Unlikely Normal fingerstick and plasma glucose

Increased frequency of
bowel movements

1 Mild Unlikely

Symptoms of URI and/
or sinusitis

2 Mild Unrelated

Hospitalization for
concerns of weight loss

1 Severe Unrelated Known morbidity associated with
anorexia nervosa
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