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ABSTRACT

Although androgen status affects bone mass in women and men,
an androgen requirement for skeletal normalcy has not been estab-
lished. Women with androgen insensitivity syndrome (AIS) have
46,XY genotypes with androgen receptor abnormalities rendering
them partially or completely refractory to androgen. Twenty-eight
women with AIS (22 complete and 6 high grade partial), aged 11-65
yr, responded to questionnaires about health history, gonadal sur-
gery, and exogenous estrogen use and underwent bone mineral den-
sity (BMD) assessment by dual energy x-ray absortiometry. BMD
values at the lumbar spine and proximal femur were compared to
age-specific female normative values and listed as z-scores. Average
height for adults in this cohort, 174 cm (68.5 in.), was moderately
increased compared with the average height of adult American
women of 162.3 cm, with skewing toward higher values: 5 women
exceeded 6 ft in height, and 30% of the 18 adult women with complete
AIS exceeded 5 ft, 11 in. in height. The average lumbar spine and hip
BMD z-scores of the 6 women with partial AIS did not differ from
population norms. In contrast, the average lumbar spine BMD z-score
of women with complete AIS was significantly reduced at —1.08 (P =
0.0003), whereas the average value for hip BMD did not differ from
normal. When BMD was compared between women who reported

good estrogen replacement therapy compliance and those who re-
ported poor compliance, there was a significantly greater deficit at the
spine for women with poor compliance (z = —2.15 = 0.15vs. —0.75 =
0.28; P < .0001). Furthermore, hip BMD was also significantly re-
duced in the noncompliant group (z = —0.95 = .40). Comparison of
BMD values to normative male standards gave z-score reductions (z =
—1.81 *= 0.36) greater than those observed with female standards.
Because of the high prevalence of tall stature in this study sample, we
calculated bone mineral apparent density, a variable that adjusts for
differences in bone size. Even for the estrogen-compliant group, bone
mineral apparent density z-scores were subnormal at both the spine
(z=-1.3+0.43;P <0.01) and the hip (z = —1.38 = 0.28; P = 0.017).
Six women with complete AIS had sustained cortical bone fractures,
of whom 3 reported multiple (>3) fractures. We conclude that even
when compliance to exogenous estrogen use is excellent, women with
complete AIS show moderate deficits in spine BMD, averaging close
to 1 sD from normative means, and that with correction of BMD for
bone size, skeletal deficits are magnified and include the proximal
femur. The results suggest that severe osteopenia in some women
with AIS probably reflects a component of inadequate estrogen re-
placement rather than androgen lack alone. (J Clin Endocrinol Metab
85: 1032-1037, 2000)

UBSTANTIAL evidence supports a critical role for es-
trogen in the acquisition and maintenance of bone in
both men and women. Although this statement is obviously
true for women, for men, whose primary gonadal steroids
are androgens, it may appear to be counterintuitive. None-
theless, men bearing mutations in the estradiol receptor or in
aromatase, the enzyme that converts androgens to estrogen,
fail to undergo accelerated growth during puberty and show
profound deficits in adult bone mass (1-4). By contrast, the
skeletal roles of androgens remain less clear. Osteoporosis as
a consequence of male hypogonadism is well described (5),
with at least partial restitution of bone mineral density
(BMD) when testosterone is replaced. In addition, circulating
concentrations of androgens have been reported to be inde-
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pendent predictors of BMD in healthy young women (6, 7),
androgen administration improves BMD in older osteopo-
rotic women (8), and incorporation of androgenic steroids
into treatment regimens for such women promotes gains in
BMD beyond those seen with estrogen alone (9). The pres-
ence of specific high affinity androgen receptors in bone cells
is prerequisite for direct actions of androgen on bone, and the
androgen receptor is expressed by osteoblast-like cells (10—
12). However, even though dihydrotestosterone, a nonaro-
matizable androgen, has been shown to increase the expres-
sion of some osteoblast-specific proteins in cultured cells (13,
14), the fact that androgens undergo aromatization to estro-
gens in vivo (15-17) leaves open the possibility that some
component of androgen action might reflect a downstream
effect of estrogen.

The syndrome of androgen insensitivity (AIS), previously
known as testicular feminization, offers a unique opportu-
nity to evaluate the consequences of a total or near-total lack
of androgen action. AIS is caused by mutations in the an-
drogen receptor producing impaired to complete lack of
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response to endogenous and exogenous androgens (18). In-
dividuals with complete AIS possess a normal male 46,XY
genotype and functioning testes (19, 20). They are phenotypic
females who undergo normal breast development at puberty
(if testes are in situ), but have complete absence of androgen-
dependent body hair and Miillerian duct structures in most
cases. Consequently, patients with complete AIS experience
life-long amenorrhea. Beginning at the onset of puberty,
those with gonads in situ have high serum concentrations of
both testosterone and estradiol (21, 22) that persist until
surgical gonadectomy, which is undertaken eventually in all
patients to prevent gonadal malignancy. Individuals with
partial forms of AIS show variable degrees of virilization and
sexual ambiguity, but even in the face of complete lack of
androgen response, some anthropometric features, such as
height and the dimensions of bone and teeth, are interme-
diate between typical male and female patterns (20).

To date, relatively little information has been published on
the skeletal consequences of complete androgen insensitivity.
Affected mice with this condition showed impaired long bone
growth, possibly related to low circulating concentrations of
insulin-like growth factor I (23). However, cancellous bone vol-
ume and density were similar to those in normal littermates, a
finding attributed by the researchers to high serum estrogen
concentrations. In humans, the results of isolated case reports
and small series (24—26) indicate a high prevalence of low bone
mineral density at clinically relevant sites, i.e. lumbar spine and
proximal femur, but it is difficult in those reports to distinguish
the effects of androgen resistance from those of estrogen lack.
Our research group evaluated the skeletal mineralization status
of a group of women with complete and high grade partial AIS
to determine the effects of androgen resistance and exogenous
estrogen on bone mass.

Subjects and Methods
Subjects

Attendees at annual gatherings of a national AIS support group were
recruited by newsletter before their 1997 (San Diego, CA) and 1998
(Chicago, IL) meetings. Arrangements were made for volunteers to
complete a standardized questionnaire and undergo measurement of
height, weight, and BMD at the time of these meetings. Of approximately
70 North American women who received the initial mailing, 28 agreed
to participate. Those who were unable to attend the meetings completed
the study protocol at a medical center near their home. Each participant
gave written informed consent, and the protocol was approved by the
Administrative Panel on Research with Human Subjects, Stanford Uni-
versity. For minor children, written consent was provided by a parent
or legal guardian, with assent by the child.

Questionnaires

Adult participants self-completed a questionnaire that covered med-
ical history, health habits, calcium and other dietary supplements, and
environmental exposures. Questions concerning the diagnosis and se-
verity of AIS included the age at which diagnosis was established, the
age at gonadectomy, and the chronology and consistency of exogenous
estrogen therapy following surgery. Exogenous estrogen use was sum-
marized in consecutive 3-yr intervals after gonadectomy and addressed
the preparation, dose, and frequency of administration of prescribed
estrogen as well as the participant’s own assessment of her compliance
with medication during that interval. Minor participants were admin-
istered the same questionnaire by a single member of the research group.

Each participant’s exposure to exogenous estrogen was rated on a four-
point scale: excellent, adequate dose, promptly initiated, missed a few days
only; good, occasional missed dose, less than 1 yr hiatus between surgery

and initiation of treatment; fair, took more than 75% of prescribed medi-
cation but admitted long delays in onset and/or prolonged interruptions
in treatment; and poor, several years of no estrogen treatment.

Classification of AIS grade

Each woman or her physician rated her degree of androgen insen-
sitivity on a 1-7 scale using the pictorial grading system described by
Quigley et al. (20), where grade 7 refers to complete AIS (Table 1).

Bone mineral assessment

BMDs at the lumbar spine and femoral neck were determined by dual
energy x-ray absorptiometry (DXA). Ten women underwent DXA exam-
ination at the time of their AIS support group meeting. Six women were
examined at the University of California-San Diego in September 1997
using Hologic, Inc., equipment (QDR 1000, Hologic, Inc., Bedford, MA;
supervised by D.S.). Four women underwent DXA examination at the
University of Chicago in September 1998 using Lunar Corp. equipment
(Lunar Corp., Madison, WI; supervised by M.F.). Twelve women under-
went DXA examinations at their local institutions. In each case, the accuracy
and completeness of the report were verified by telephone contact with the
densitometry laboratory director. Two participants each underwent the
study protocol at the Columbia University (ES), Indiana University (CQ),
and Palo Alto Veterans Affairs (RM) Medical Centers. Of the 28 subjects,
20 were studied with Hologic, Inc., and 8 with Lunar Corp. equipment.

Bone mineral results are reported here as BMD z-scores compared to
current instrument-specific NHANES-congruent age-related normative
data for females. Normative data z-scores represent the number of sps
by which a given result differs from the nominal age-related mean value.
Avalue at the age-predicted mean would have a z-score value of 0. BMD,
in grams per cm?, is calculated by dividing the estimated mineral content
of a region of interest by the area of that region. Thus, BMD is an areal
measurement, not a true volumetric density, and is subject to error when
measurements are made in individuals who are particularly tall or short
(27). Therefore, as the distribution of heights of the study subjects was
skewed toward tall stature, we calculated an additional variable, bone
mineral apparent density (BMAD), which largely corrects for the con-
founding effects of bone size. BMAD has been described and validated
previously in our laboratory (27, 28). Age-specific BMAD z-scores were
calculated using normative data that we have generated in-house and
published in part (29).

For attendees at the San Diego, Chicago, Indianapolis, New York, and
Palo Alto bone density laboratories, height and weight were measured
with wall-mounted stadiometers and balance beam or electronic scales.
For the women who obtained BMD measurements privately, all but two
of the individual laboratory directors confirmed that measurements
were made in the laboratory at the time that bone density examination
was obtained.

Data handling and analysis

Data were entered into the StatView V statistical software package
(SAS Institute, Inc., Cary, NC). Group z-score results for the study cohort

TABLE 1. AIS grading system

Grade 7 (complete AIS): Female phenotype; complete lack of pubic
and axillary hair after puberty; Grade 6 (partial AIS with
completely feminized phenotype): completely feminized but may
show varying degrees of pubic and/or axillary hair.

Grade 5: Female phenotype, including separate urethral and
vaginal orifices, but with limited androgen effect, including
clitoromegaly and/or partial labial fusion.

Grade 4: Ambiguous phenotype, limited degrees of
masculinization, phallus is intermediate between a clitoris and a
penis; labioscrotal folds show variable degrees of fusion.

Grades 3: Male phenotype with deficient masculinization, such as
small penis, perineal hypospadias, cryptorchidism

Grade 2: Unequivocal male phenotype with mild defect of
masculinization, such as isolated hypospadias

Grade 1: Normal masculinization with post-natal androgen
resistance of variable degree
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were compared to a value of zero using one-sample ¢ tests. Analyses
were two-tailed, and P < 0.05 was designated as the criterion for sig-
nificance. The z-scores for individual subjects were obtained from the
densitometer-specific normative databases published by the manufac-
turers. In general, we compared study results to normative female da-
tabases. However, because some gender-specific skeletal characteristics
may reflect the function of genes and factors that are related to chro-
mosomal complement rather than to sex steroid hormones, we also
made some comparisons against normative male standards. Descriptive
data are presented in Table 2 as the mean * sp or ranges, and z-scores
are presented in the text as the mean = sem and in the figures as box
plots (see Fig. 1 for explanation).

Results

All 28 participants had at least grade 5 AIS. Twenty-two
women rated themselves as having complete or near-
complete AIS (grade 6-7), and the remaining 6 had partial
AIS, grade 5. Four participants with complete AIS, aged 11,
12.75, 14, and 14 yr, were considered not to have attained
adult height and were not included in the height analysis.
The mean height for the 24 adult subjects, 174 cm (68.5 in.),
was increased for adult women compared with the mean
adult height of North American women of 163.6 cm (64.4in.).
Height did not differ between complete and partial AIS
groups, but the distribution of heights was skewed toward
tall stature (Fig. 1); 5 of the 24 adult women (20.8%) in the
total cohort exceeded 6 ft in height. Of the 18 adult women
with complete AIS, 7 (38.8%) exceeded approximately 5 ft, 11
in. in height (180 cm), and 2 women were more than 6 ft tall.
One of 6 women with partial AIS was 5 ft, 10 in. in height,
and another was 6 ft tall.

Gonadectomy and estrogen replacement status

The average age at gonadectomy was 15.4 yr for the com-
plete AIS group and 14.0 for the partial AIS group (Table 3).
Two participants with complete AIS (aged 12 and 14 yr) had
not yet undergone gonadectomy. All subjects but 1 initiated
estrogen replacement within the first several months after
surgery. One individual began estrogen replacement the fol-
lowing year. The dominant estrogen used for replacement
was conjugated equine estrogens (Premarin). In 10 instances
estrogen was initiated at higher than standard replacement
doses (0.9 or 1.25 mg/day), although 4 patients, including 2
14-yr-old and 1 11-yr-old girls, began at a 0.3-mg daily dose,
which was later increased in 3 of them.

Bone mineral status

Women with partial AIS had average z-scores for both lum-
bar spine and hip BMD that did not differ significantly from

TABLE 2. Characteristics of subjects with AIS

Complete Partial
No. 22 6
Age (yr) 36.4 (11-65) 38.2 (25-49)
Age at gonadectomy (yr) 15.4 (<1-31) 14.0 (<1-23)
Ht (cm) 174 + 7.3 174 £ 7.0
Wt (kg) 74.5 + 23 794 £ 15
BMI (kg/m?) 249 £ 7.7 26.0 = 7.8
Good estrogen compliance (%)* 70 67

Values are the mean * SD or range.
¢ Expressed as a percentage of the AIS women for whom estrogen
was prescribed.
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zero, indicating no deficit in BMD in that group compared with
age-specific normative values. For those with complete AIS, the
average lumbar spine BMD z-score of —1.08 was significantly
lower than zero (P = 0.0003), but values at the hip did not differ
significantly from zero (Fig. 2). Among 18 adults with complete
AIS, 2 met WHO criteria for osteoporosis at the lumbar spine
(t score, less than —2.5), and 1 met this criterion for the femoral
neck (30). An additional 8 women met WHO criteria for os-
teopenia (t score, less than —1.0) at the spine, as did 6 women
at the femoral neck (Table 3).

Relationship of bone mineral status to estrogen exposure

We considered it likely that skeletal deficits would be
exaggerated in women whose adherence to estrogen replace-
ment was poor. We therefore analyzed BMD separately for
adult women who had shown excellent or good compliance
(designated compliant) and for women whose compliance
had been fair or poor (designated noncompliant). At the
lumbar spine, both compliance groups had BMD z-scores
significantly below zero; the BMD z-score of noncompliant
women (mean * sgMm, —2.15 = 0.15) was significantly lower
than that of the compliant group (—0.75 * 0.28; Fig. 3). At the
femoral neck, only the noncompliant group showed an av-
erage BMD z-score that was significantly lower than zero
(—0.95 = 0.40). When the lumbar spine BMD of the estrogen-
compliant group was compared to normative male stan-
dards, the average z-score was almost 2 sp below the mean
for age-matched males (—1.81 = 0.36; P < 0.0001).

The 11-yr-old participant, who had undergone gonadec-
tomy at age 1.5 yr, had not yet started estrogen therapy and
had a lumbar spine BMD z-score of —1.5. By contrast, one
14-yr-old and the 12-yr-old girl who had not yet undergone
gonadectomy had z-scores of 0.9 and 0.0, respectively. The
other 14-yr-old girl, whose z-score was —0.1, had undergone
gonadectomy during infancy and reported having been com-
pliant with estrogen replacement for several years. No sig-
nificant relationship was observed between time of gonad-
ectomy and bone mineral status.

Bone mineral apparent density

In the estrogen-compliant group in which the average
uncorrected femoral neck BMD z-score did not differ from
zero, the calculated BMAD z-score was significantly lower
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TABLE 3. Estrogen use and compliance results for women with AIS
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Age at

BMD z-scores

Age at Estrogen .
DXA (yr) gona;i;c)tomy compliance Spine Hip Estrogen replacement history
Complete AIS
1 37 16 Fair —2.26 -0.11 Started Premarin (0.3 mg), increased to 0.625 mg, then
switched to 100 ug estradiol patch
2 28 15 Excellent -0.83 +1.75 OCP 3 yr, then switched to Premarin (0.625 mg/day)
3 49 24 Fair -2.13 —2.12  Sporadic estrogens/progestins, no current ERT
4 47 25 Excellent -2.01 -1.06 Premarin (0.625 mg/day) for 20 yr, except a brief attempt
at 1.25 mg/day
5 52 15 Excellent -0.69 +0.52  Premarin (1.25 mg/day) for 37 yr
6 42 14 Good 0.00 —0.49  Premarin (2.5 mg) for 6 yr, then 1.25 mg/day for 9 yr
7 65 20 Excellent -0.90 +0.20 Premarin (1.25 mg/day) for 21 yr, then 0.625 mg/day
8¢ 38 15 Fair —2.60 —1.78  Premarin (0.625 mg, 21 days/month) for 23 yr
9 33 18 Good -0.60 -0.90 Multiple regimens of estrogen * androgen, now takes mi-
cronized estradiol (1.5 mg/day)
10 40 19 Good -0.26 -0.03 Premarin (1.25 mg/day), decrease to 0.9 mg/day after 3 yr
11 45 20 Good -0.60 —1.37  Premarin (1.25 mg) for 20 yr, now 0.625 mg; several 3- to
4-month hiatuses without therapy
12 54 31 Very good -0.70 —0.27  Premarin (0.625 mg/day) for 21 yr, now 1.25 mg/day
13 38 19 Good -1.04 —2.69  Premarin (0.625 mg/day) for 3 yr, 1.25 mg/day for 11 yr,
2.5 mg/day for 5 yr, always on a 25 day/month schedule
14 36 10 Poor -1.74 -0.40 Premarin (0.625 mg/day) for first 8 yr, NO ERT last 18 yr
15 38 16 Excellent -1.69 0.20  Premarin (1.25 mg/day) for 6 yr, 0.625 mg/day for 16 yr
16 29 14 Very good +1.28 +0.20 Premarin (1.25 mg/day) for 15 yr
17¢ 38 15 Fair -2.76 —2.15  Premarin (0.625 mg, 25 days/month) for 23 yr
18 42 Infancy Fair —2.47 —1.49  Unknown for 21 yr with frequent absences, micronized
estradiol (1 mg/day) last 9 yr
19 14 3 weeks Excellent -0.10 -0.59 Begin age 10 yr, Premarin (0.3 mg/day) for 1 yr, 0.625
mg/day for 1 yr subsequently
20 11 2.5 yr Excellent —1.48 N/A  Begin age 11 yr, Premarin (0.3 mg/day)
21 14 Not done Excellent +0.00 +2.1  Begin age 11 yr, Premarin (0.3 mg/day) for 1 yr, 0.625
mg/day for 1 yr, 0.9 mg/day for 5 months, now OCP
22 12 Not done N/A +0.90 +1.20  None
Partial AIS
23 50 17 Excellent +1.31 +1.51  Ethinyl estradiol (50 ug/day) for 28 yr, Premarin (1.25
mg/day) for 3 yr, Estraderm patch for 6 months
24 37 18 Very good -0.32 —0.58  Premarin (0.625 mg/day for 17 yr
25 44 14 Fair -1.30 —2.14  Premarin (0.9 mg/day) for 12 yr, 3 yr no therapy, then
0.625 mg/day for 15 yr
26 31 3 weeks Very good -0.48 -0.25 Premarin unknown dose for 6 yr, then 0.625 mg/day, 25
days/mo for 20 yr
27 25 12 Poor -1.95 +0.68  Premarin (0.625 mg) for 6 yr, then none for 6 yr, now mi-
cronized estradiol (1 mg/day) for 1 yr
28 43 23 Excellent -0.51 +1.01 Ethinyl estradiol (50 ug alternate with 100 ug) for 20 yr

OCP, oral contraceptive pills.

¢ Subjects 8 and 17 have also taken Alendronate (Fosamax; 10 mg/day) for the past 2 and 3 yr, respectively.

than normal (z = —1.38 = 0.28; P = 0.017; Fig. 4). Similarly,
the significant deficit shown in lumbar spine BMD z-score for
this group was magnified for BMAD (z = —1.3 = 0.43; P <
0.01).

Lifestyle factors

No significant associations were observed between bone
mass measurements and self-reported calcium intake, to-
bacco or alcohol use, or habitual physical activity. Six women
with complete AIS reported having experienced a fracture in
the past. Three of these women reported multiple (n = 3-6)
fractures. All of these appeared to have been the consequence
of some degree of trauma. No relationship of fracture history
to bone mass was observed.

Discussion

We conducted this study to determine whether individ-
uals who are constitutionally unable to respond to androgens

exhibit deficits in bone mass. The results indicate that as a
group, women with complete AIS have values for lumbar
spine BMD that remain within the normal range, but fall, on
the average, about 1 sp below mean values for age. Although
bone mineral deficits of this magnitude are not trivial, they
are by no means as severe as has been observed for indi-
viduals lacking the capacity to synthesize or respond to es-
trogen (1-3). Our results are similar to those of Bertelloni et
al. (24), who reported lumbar spine DXA values for 10 young
patients (4.7-19.8 yr) with complete AIS, 6 of whom were
studied after gonadectomy while taking exogenous estrogen.
In that study, areal BMD and an estimate of volumetric BMD
showed deficits of 30% and 35%, respectively, compared to
those in a small group of controls and also fell below pub-
lished normative values for age-matched males and females.
Our results are consistent with those of other small series (24,
25) as well as with a report by Schwartz et al. (31), who
evaluated BMD in a group of 12 subjects with AIS and 16
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Fic. 2. Box plots of lumbar spine and femoral neck BMD z-scores for
28 adults with AIS. Values were compared to those in the nominal
population means by single sample ¢ tests. Clear boxes, Complete AIS
(n = 22); hatched boxes, partial AIS (n = 6). These plots illustrate the
mean value as a horizontal line. The vertical limits of the box define
the 25th and 75th percentiles, and the error bars denote the 10th and
90th percentiles. For complete AIS, spine BMD z-scores were signif-
icantly lower than predicted. No BMD deficit at either spine or hip was
found for partial AIS. *, P = 0.0003.
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Fic. 3. Box plots of lumbar spine and femoral neck BMD z-scores for
18 women with complete AIS by degree of compliance with estrogen
replacement therapy. Teenage subjects, 2 of whom had not yet un-
dergone gonadectomy, were excluded from this analysis. Values were
compared to nominal population means by single sample ¢ tests. Clear
boxes, Poor and fair compliance; hatched boxes, good and excellent
compliance. Interpretation of box plots is described in Fig. 2. *, P =
0.06; ** P = 0.02; *** P = 0.0001 (compared to normative mean
z-score of 0). #, P = 0.005 (good vs. fair compliance).

subjects with mutations in the enzyme 5a-reductase, which
converts testosterone to dihydrotestosterone. In that report,
average spine and femoral neck z-scores for the AIS patients
were reduced at —2.8 and —1.33, respectively, whereas those
for the 5a-reductase-deficient patients were —0.84 and 0. 14,
respectively. In that analysis, AIS z-scores were compared to
male normative data, with results very similar to those of the
present study. Schwartz et al. (31) concluded that deficiency
of a single androgen (dihydrotestosterone) does not substan-
tially affect BMD, whereas loss of all direct androgen action
(AIS) does.

Although our finding that even estrogen-compliant
women with complete AIS have subnormal spine BMD is
compatible with the idea that skeletal acquisition and main-
tenance requires the independent participation of androgens,
other possible interpretations require consideration. The
most obvious of these concerns the adequacy of estrogen
exposure. If removal of the gonads is delayed until puberty
or later, adolescent girls with AIS will probably be exposed
to very high concentrations of endogenous estrogen (21).
However, after orchidectomy, exposure to estrogen may be
insufficient to maintain bone mass, because of either delayed
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Fia. 4. Effect of size adjustment on bone density z-scores for estro-
gen-compliant women. Box plots on the left show age-specific BMD
z-scores. Those on the right show z-scores for BMAD. Interpretation
of box plots is described in Fig. 2. *, P < 0.05; **, P < 0.01; #, P = 0.017
(compared to nominal mean population z-scores of 0).

initiation or poor compliance with estrogen therapy. It is also
possible that higher doses of estrogen may be necessary to
maintain BMD in younger individuals with AIS than the
typical replacement regimens used to prevent bone loss in
the early postmenopausal period. In this study, women rated
as having been poorly compliant with estrogen therapy
showed significantly lower BMD than those with good or
excellent compliance ratings. However, even those women
who promptly started and fastidiously maintained estrogen
replacement showed a significant deficit in lumbar spine
BMD and in both lumbar and femoral BMAD.

One could argue that typical replacement doses of estrogen
might not fully compensate for a lack of periodic surges in
circulating estradiol normally observed during midfollicular
and luteal phases of the menstrual cycle. However, this concept
may be countered by our results in women with partial AIS. In
these subjects, no detectable BMD deficits were observed de-
spite the fact that their hormone exposure postgonadectomy
was similar to that of the complete AIS women, and they, too,
experienced no phase-specific surges in estrogen. It is also pos-
sible that as yet undefined alterations in the overall hormonal
and growth factor milieu of patients with AIS could underlie
their observed skeletal deficits.

The superior BMD of subjects with partial relative to com-
plete AIS suggests a somewhat protective effect of the limited
degree of androgen responsiveness of those with partial AIS.
Thus, with deference to the possibilities outlined above, we
consider it likely that the lack of a direct skeletal action of
androgen underlies at least part of the bone mineralization
deficits observed in women with complete AIS.

These results provide yet another illustration of the impor-
tance of considering bone mass measurements in relation to
skeletal size. In this study, adjustment for body size was
necessitated by a skewing of heights toward tall stature, an
observation that has been made previously and has been
suggested to reflect some process attributable to a stature-
determining function of the Y chromosome. Although deficits
in BMD were relatively modest and confined to the spine in
estrogen-compliant women, BMAD size adjustment revealed
thatlow bone mass in AIS women is both more severe and more
generalized than would otherwise have been evident.

The clinical significance of skeletal deficits in AIS women
is not clear. Bone density deficits of 1 sp are associated with
a 2- to 3-fold long-term increase in fracture risk. Six of the 22
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(27%) women with complete AIS in this study had sustained
at least 1 fracture in the past, and 3 women had suffered
multiple fractures. None of these appeared to be a fragility
fracture. It is now clear that even traumatic fractures occur
with greater frequency in adolescents with lower bone mass.
Of the 6 women with a previous fracture, 3 met WHO criteria
for osteopenia, and 3 had apparently normal BMD. The ex-
pected annual fracture incidence in the United States is 3%
for girls 6-16 yr of age (32), and 27% of girls have sustained
at least one fracture before age 16 yr (33). Given such a high
prevalence of fracture in the normal population, it is clear
that the present small study lacks sufficient power to permit
conclusions regarding an excessive fracture rate.

Some limitations to this study warrant mention. Despite
the fact that this sample of women with AIS is the largest to
have been reported, it remains fairly small, so that power to
identify low order associations is severely constrained. The
study group was a convenience sample of patients with AIS,
and we cannot know whether the observed results are gen-
eralizable to the rest of the AIS population. An additional
issue concerning this group of women also warrants com-
ment. The average age at gonadectomy, close to 15 yr, reflects
standard practice in the 1970s that was substantially replaced
in the 1980s by a tendency to remove the gonads during
infancy for girls in whom an early diagnosis was made. Girls
with AIS managed during the 1980s and 1990s with early
gonadectomy will probably have been exposed to consider-
ably less estrogen before puberty than most of our study
subjects, whose gonads remained in situ until completion of
puberty. Although it is not possible to generalize based on
the small number of pubertal girls with AIS included in this
study, it is of interest that the girl who had undergone go-
nadectomy in infancy and had not yet received estrogen had
a rather low lumbar spine z-score. In the absence of clear
guidelines for the timing and dosage of pubertal hormone
replacement therapy in girls with AIS, whose needs may
differ from those of other hypogonadal teens (such as those
with Turner syndrome), it is important to monitor these girls
for skeletal milestones, such as the pubertal growth spurt,
adult height, and bone mineralization.
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