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Abstract
Purpose The association between glucocorticoid replacement therapy for adrenal insufficiency (AI) and osteoporosis is
unclear. Fracture is a major cause of morbidity in patients with osteoporosis. This study aims to determine if patients on
glucocorticoid replacement therapy for AI have an increased rate of fractures compared to the general population.
Methods We included all studies with adult patients receiving glucocorticoid replacement therapy for either congenital adrenal
hyperplasia (CAH), primary adrenal insufficiency (PAI), or secondary adrenal insufficiency (SAI). Studies without fracture data
were excluded, as well as meeting abstracts. Studies with fractures but without a control group were eligible to be included in the
systematic review but not in the meta-analysis. The primary outcome was the number of fractures, which was further differ-
entiated into osteoporotic fractures. In addition, the glucocorticoid dose equivalents used were noted whenever possible.
Results Seventeen studies were included in the systematic review. Seven were used in the meta-analysis of any fracture and
six were used for osteoporotic fracture. The reported fracture rate ranged between no fracture to 60.8% in the patient group
and no fracture to 43.8% in the control group. The odds ratio (OR) for any fracture was 2.71 (95%CI: 1.36–5.43, P= 0.005)
and for osteoporotic fracture 2.76 (95%CI: 2.39–3.19 P < 0.00001), favoring the control group.
Conclusions Patients with AI on glucocorticoid replacement therapy have a higher rate of fractures compared to the control
population.
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Introduction

Adrenal insufficiency (AI) is associated with increased
morbidity and mortality compared to healthy subjects
regardless of etiology [1–8]. Patients with AI require

lifelong glucocorticoid replacement therapy and dose
monitoring to avoid complications from either over- or
under-supplementation. There is a clear association between
glucocorticoid use and osteoporosis in subjects who receive
immunosuppressive doses [9]. The evidence for increased
risk of osteoporosis in those who receive glucocorticoid
replacement therapy is less clear.

Bone mineral density (BMD) is often the main out-
come measured in studies evaluating the risk of osteo-
porosis in patients with AI. In general, reduction in BMD
has been shown to be associated with the cumulative
glucocorticoid dose and disease duration [10], but there
are many inconsistencies. Some studies have reported
reduced BMD in patients with primary adrenal insuffi-
ciency (PAI) [11], while others reported no significant
difference in BMD compared to matched controls [12].
Several studies reported reduced BMD in only post-
menopausal women [13] or only in men [14]. A recent
meta-analysis of adults with congenital adrenal hyper-
plasia (CAH) found a slight decrease in BMD compared
to matched controls [15].

* Ling Li
ling.alice.li@gmail.com

1 Department of Endocrinology, Royal Darwin Hospital,
Darwin, NT, Australia

2 Department of Endocrinology, Gold Coast University Hospital,
Southport, QLD, Australia

3 Department of Endocrinology, Metabolism and Diabetes, Royal
Brisbane and Women’s Hospital, Herston, QLD, Australia

4 Department of Endocrinology, Karolinska University Hospital,
Stockholm, Sweden

5 Department of Molecular Medicine and Surgery, Karolinska
Institutet, Stockholm, Sweden

6 Menzies School of Health Research, Darwin, NT, Australia

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1007/s12020-021-02723-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12020-021-02723-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12020-021-02723-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12020-021-02723-z&domain=pdf
http://orcid.org/0000-0002-5412-6595
http://orcid.org/0000-0002-5412-6595
http://orcid.org/0000-0002-5412-6595
http://orcid.org/0000-0002-5412-6595
http://orcid.org/0000-0002-5412-6595
mailto:ling.alice.li@gmail.com


The main morbidity from osteoporosis comes from fra-
gility fractures. However, there is a poor association between
BMD and fracture risk, especially in glucocorticoid-induced
osteoporosis [16, 17]. To date, there has been no compre-
hensive summary of data about glucocorticoid replacement
and fracture rate. Despite this, several society practice
guidelines have made recommendations on osteoporosis
screening in patients based on very limited evidence. For
instance, screening of BMD in patients with CAH is
recommended if subjected to a prolonged period of higher-
than-average glucocorticoid dosing or prior history of fra-
gility fracture [18], a recommendation based on only two
studies, neither of which looked for the correlation between
glucocorticoid doses and fracture rates [19, 20]. The endo-
crine society clinical practice guideline for patients with PAI
acknowledged the paucity of data on BMD in these patients
and does not comment on fracture rate [21]. While the
guideline for patients with secondary adrenal insufficiency
(SAI) related to hypopituitarism referred to only one study
for their statement of increased vertebral fracture risk related
to glucocorticoid overreplacement [22], despite there was no
control group in their cited reference [10]. Thus, the aim of
the current study is to provide a comprehensive review of
fracture incidence in patients on glucocorticoid replacement
therapy.

Methods

This systematic review and meta-analysis were based on a
prespecified protocol and is reported according to the pre-
ferred reporting items for systematic reviews and meta-
analyses (PRISMA) statement [23].

Search strategy and selection criteria

The Independent literature search was performed by the first
and last authors (LL and HF) using PubMed and Web of
Science from inception to 11 January 2021. We used a com-
bination of keyword/MeSH terms: “adrenal hyperplasia, con-
genital/complications”, “steroid 21-hydroxylase/genetic*”,
“Addison disease/complications”, “Addison disease/drug
therapy”, “primary adrenal insufficiency”, “hypopituitarism/
complications”, “secondary adrenal insufficiency”, “gluco-
corticoid/therapeutic use*”, “glucocorticoid/adverse effects”,
“fractures, bone/epidemiology”, “fractures, bone/etiology*”,
“bone density*”, “bone density/drug effect*” and “bone den-
sity/physiology”. We imposed no restrictions based on lan-
guage, publication status, or type of studies. Inclusion or
exclusion of articles was agreed on by consensus. We sought
additional studies from relevant references of included records.

We included all studies with adult patients receiving
glucocorticoid replacement therapy for either PAI, CAH, or

SAI. Addison’s disease was the main etiology for PAI in
most studies. Only one study did not specify the etiology of
PAI and included both PAI (n= 36) and CAH (n= 8)
patients, which were not possible to be analyzed separately
[24]. Hypopituitarism was the main cause of SAI in all of
the studies included [10, 25]. Studies without fracture data
were excluded, as well as reviews and meeting abstracts.
Studies with fracture data but without a control group
(either matched or reference control) were included in the
systematic review but not in the meta-analysis.

Data extraction

Initially, records were screened at the title and abstract level,
and potentially eligible studies were assessed in full text.
We extracted data for study and participant baseline char-
acteristics, interventions, comparators, and clinical out-
comes. The quality of the studies that were included in the
meta-analysis was assessed using the Newcastle- Ottawa
quality assessment scale for case-control studies (www.ohri.
ca/programs/clinical_epidemiology/oxford.asp) (Table 1).

Outcome

The primary outcome was the rate (%) of fractures in patients
receiving glucocorticoid replacement therapy. Where possi-
ble, the details of fracture type (any fracture or osteoporotic
fracture), location, and definition (self-report, X-ray, and
international classification of diseases code (ICD)) were
included (Table 2). In the meta-analysis, any fractures and
osteoporotic fractures were analyzed separately. Fractures of
the vertebrae, hip, or wrist without significant trauma were
considered osteoporotic fractures. Hydrocortisone dose
equivalents were expressed either as total daily milligram
(mg) or mg per body surface area (mg/m²) (Table 2). All
daily doses were converted to mg using an average body
surface area of 1.79m2 for the purpose of demonstrating a
dose fracture correlation.

Statistical analysis

A cumulative odds ratio (OR) was calculated by pooling the
reported fractures from the included studies using the
Mantel-Haenszel method for dichotomous outcomes. Sta-
tistical heterogeneity among the OR was quantified by the I2

statistic (low heterogeneity I2 < 50% and high heterogeneity
I2 > 50%). When high statistical heterogeneity was identi-
fied, a random-effect model was preferentially used over a
fixed-effect model. 95% Confidence Interval (CI) not sur-
passing 1 and a P-value <0.05 were considered statistically
significant. We performed a sensitivity analysis to assess the
contribution of each study to the pooled estimation by
excluding one study at a time and recalculating the pooled
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OR estimation for the remaining studies. Publication bias
was not performed due to the small number of included
studies. All analysis was performed and figures generated
using Review Manager (RevMan) Software (Version 5.2.
Copenhagen: the Nordic Cochrane Center, the Cochrane
Collaboration, 2014). The effect of hydrocortisone dose
equivalent on fracture rate (R2) was calculated using the
linear regression function in Microsoft Excel.

Results

Through PubMed and Web of Science searches 289 records
were identified and screened at the title and abstract level
once duplicates were removed (Fig. 1). Finally, 17 studies
were included in the systematic review, and seven studies
were ultimately included in the meta-analysis.

Systematic review

Table 2 summarizes the important characteristics of the
17 studies included in the systematic review. Ten studies
included fracture data in patients with CAH [12, 19, 20, 26–
32]. Four out of the ten studies had age- and sex-matched
controls [19, 20, 26, 29]. One out of the ten studies used
historical controls only [27]. Six studies included fracture
data in patients with PAI [11, 12, 24, 33–35]. Two of these
had matched control subjects [34, 36] and one with his-
torical control [11]. The study by Koetz et al. included both
CAH and PAI patients which were presented separately in
Table 2. Two studies had fracture data in patients with SAI
[10, 25], of which one used reference controls [25].

The reported fracture rate ranged between 0–60.8% in
the patient group and 0–43.8% in the control group (Table
2). In patients with CAH, fracture rate was 16.6% (range
0–53.3%) and 4.3% (range 0–20%) for any fracture and
osteoporotic fracture, respectively [12, 19, 20, 26–32]. In

patients with PAI, fracture rate was 16.7% (range
5.8–34.3%) and 7.5% (range 5.8–21.8%) for any fracture
and osteoporotic fracture, respectively [11, 12, 24, 33–35].
In patients with SAI osteoporotic fracture rate was 37.3%
(range 26.2–60.8%)[10, 25].

Three studies did not differentiate between osteoporotic
versus non-osteoporotic fractures [27, 30, 33]. Vertebral
fractures were the primary outcome reported by three studies
[10, 11, 35]. Hip fracture was reported as the primary outcome
of one study [34]. Björnsdottir et al. also kindly provided
unpublished data of the rate of any fracture, which was
included in the meta-analysis. Five studies reported a combi-
nation of any and osteoporotic fractures [19, 24, 26, 31, 32],
while one study reported only osteoporotic fractures which
included traditional sites such as wrist, vertebra, pelvis, and
femur, but also non-traditional sites such as upper arm, tibia,
ankle, foot, ribs, and clavicles [25]. One study reported a
combination of any fractures and vertebral fractures [12]. The
study by Ceccato et al. looked for evidence of any fractures as
well as osteoporotic fractures, but only one traumatic
fracture was found [20]. Two studies did not find any fracture
[28, 29].

Various methods were used to identify fractures in dif-
ferent studies. These included self-reporting surveys
[12, 24, 25, 27, 30, 32], medical records [19, 33, 34], his-
tory and examination [29], as well as radiographs
[11, 19, 26, 35] or a combination of several of the pre-
viously mentioned methods [20]. Two studies did not state
their fracture definition [28, 31]. In some instances, it was
not possible to discern if the fractures included were
symptomatic. It may be assumed that self-reported fractures
were symptomatic fractures, but those diagnosed on X-ray
or found through ICD codes could include asymptomatic
fractures also.

Daily hydrocortisone equivalent doses were reported by
13 out of the 17 studies (Table 2). Most of these are within
or at the higher end of the range typical for replacement

Table 1 Studies included in the
meta-analysis and their quality
assessment (in descending
order) using the Newcastle-
Ottawa quality assessment scale
for cohort and case-control
studies

Author Type of study Selection Comparability Outcome/exposure

Bjornsdottir et al. [34] Cohort study **** ** **

Falhammar et al. [19] Case control study *** ** **

Falhammar et al. [26] Case control study *** ** **

Camozzi et al. [35] Case control study ** ** **

Ceccato et al. [20] Case Control study ** ** *

Raizada et al. [29] Case control study * *

Rosen et al. [25] Case-control study * *

Good quality: 3 or 4 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in
outcome/exposure domain

Fair quality: 2 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in
outcome/exposure domain

Poor quality: 0 or 1 star in selection domain OR 0 stars in comparability domain OR 0 or 1 stars in outcome/
exposure domain
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regime (21.1–35 mg or 9–17.9 mg/m²) and are similar
across the studies.

Meta-analysis

Seven studies were included in the meta-analysis for any
fractures (Fig. 2) [19, 20, 25, 26, 29, 34, 35]. A total of
3282 patients and 29,980 controls were included, of which
total events were 527 (16.1%) in the patient group and 3571

(11.9%) in the control group giving an OR of 2.71 (95%CI
1.36–5.43). The OR for any fracture was not able to be
estimated in one study as it showed no fracture outcome in
either patient or control groups [29].

Six studies were included in the meta-analysis for
osteoporotic fractures (Fig. 2) [19, 20, 25, 26, 34, 35]. A
total of 3542 patients and 32,092 controls were included, of
which total events were 283 (8.0%) in the patient group and
887 (2.8%) in the control group giving an OR of 2.76 (95%

Table 2 Patient age (median with the range in bracket or mean ± SD), sex and numbers of the 17 studies included in the systematic review, as well
as the use of matched or unmatched controls, types of fractures (any fracture versus osteoporotic fracture), fracture definition by a method of
detection, and where possible, hydrocortisone equivalent doses of glucocorticoid replacement expressed in either total daily dose (mg) or weight-
adjusted dose (mg/m²) (Note only 13 out of the 17 studies reported hydrocortisone equivalent doses and these were expressed as either a dose range
or mean dose with standard deviation in brackets). Both the number of fractures (numerator) and the total number of patients and controls
(denominator) were presented and the rate of fracture was expressed as a percentage in brackets. “Matched control” is matched for sex and age,
while “reference control” is from a different study with a comparable demographic

Author Age Sex Control Patients (%) Control (%) Type of fracture HC dose mg mg/m²

CAH

Falhammar et al. [19] 30 (18–63) F Yes (matched) 18/61 (29.5) 2/61 (3.3) Any fractures (ICD) 26.6–29.4

9/61 (14.8) 2/61 (3.3) OP fractures (ICD)

El Maouche et al. [30] 34.7 ± 13 B No 18/80 (22.5) – Any fractures (SR) 13.1–17.7

Raizada et al. [29] 27.5 ± 6.2 F Yes (matched) 0/15 0/15 No fractures were found (H/E)

Falhammar et al. [26] 35.7 ± 11.4 M Yes (matched) 16/30 (53.3) 14/32 (43.8) Any fractures (X-ray) 32.7 (12.4)

6/30 (20) 5/32 (15.6) OP fractures (X-ray)

Falhammar et al. [27] 32.4 ± 11.4 B Yes
(historical)

19/226 (8.6) – Any fractures (SR)

Koetz et al. [12] 40.5 ± 13.8 B No 3/11 (27.3) – Any fractures (SR) 27.3 (14.1)

1/41 (2.4) – Vertebral fractures (SR)

Ceccato et al. [20] 31 ± 7 B yes (matched) 1/38 (2.6) 0/38 Any fractures (H/E/X-ray) 9–12

0/38 0/38 Vertebral fractures (H/E/X-ray)

Chakhtoura et al. [28] 24.6 ± 5.9 B No 0/38 – No fractures were found (unstated) 16.9 (5.5)

Auer et al. [31] 28.6
(25–40)

M No 15/42 (35.7) – Any fracture (unstated) 15.9

32.5
(24–39)

F No 22/55 (40) – Any fracture (unstated) 15.5

B No 0/97 – OP fractures (unstated)

Riehl et al. [32] 29.8
(16–68)

B No 21/244 (8.6) – Any fracture (SR) 19.3

6/244 (2.5) – OP fractures (SR)

Primary adrenal insufficiency

Lovas et al. [11] 63 B Yes
(historical)

14/84 (16.7) Men 15.7%, Vertebral fractures (X-ray) 32.1 (11)

Women 19.2%

Bjornsdottir et al. [34] 61 (30–97) B Yes (matched) 445/2944
(15.1)

3521/29430
(12.0)

Any fractures (ICD)

221/3219 (6.9) 846/31557 (2.7) Hip fractures (ICD)

Koetz et al. [12] 55.9 ± 14.9 B No 15/57 (26.3) - Any fractures (SR) 21.9 (4.9)

5/86 (5.8) Vertebral fractures (SR)

Camozzi et al. [35] 44 (20–77) B Yes (matched) 19/87 (21.8) 6/81 (7.4) Vertebral fractures (X-ray) 33.8–35

Frey et al. [24] 47.8–52.5 B No 7/44 (15.9) – Any fractures (SR) 21.1–32.7 12.1–17.9

5/44 (11.4) – OP fractures (SR)

Vestergaard et al. [33] 43.4 ± 27.4 B No 82/239 (34.3) – Any fracture (ICD)

Secondary adrenal insufficiency

Rosen et al. [25] 53M/54F B Yes
(reference)

28/107 (26.2) 28/323 (8.7) OP fractures (SR) 25.5

Mazziotti et al. [10] 55 (23–81) M No 31/51 (60.8) – Vertebral fractures (X-ray) 35.0
(12.5–75.0)

CAH Congenital adrenal hyperplasia, F female, M male, B both, OP osteoporotic. Method of detection: ICD international classification of disease
code, SR self-report, H history, E examination, X-ray radiography, HC hydrocortisone, mg milligram
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CI 2.39–3.19). One study found no osteoporotic fractures in
either patient or control group and therefore an OR could
not be generated from this study [20].

Sensitivity analysis was done by excluding each study in
turn. Any fracture OR ranged from 2.18 (95%CI 1.15–4.13)
to 3.58 (95%CI 2.36–5.43). Osteoporotic fractures OR
ranged from 2.70 (95%CI 2.32–3.13) to 3.35 (95%CI
2.14–5.23).

In a separate analysis with CAH patients, although the
OR of osteoporotic fractures was 2.5 (95%CI 0.95–6.55, P
= 0.06), it just failed to reach statistical significance
[19, 20, 26, 29] (Fig. 3). In contrast, patients with either PAI
or SAI showed statistically significantly higher rates of
osteoporotic fractures compared to controls (OR 2.77, 95%

CI 2.39–3.20) [25, 34, 35] (Fig. 3). The OR for osteoporotic
fracture in patients with PAI and SAI ranged from 2.68
(95%CI 2.30–3.12) to 3.73 (95%CI 2.09–6.67) [25, 34, 35].

The rate of any fracture did not appear to have any
correlation with hydrocortisone equivalent doses (R²=
0.059, P= 0.47), while the rate of osteoporotic fracture had
only a weak correlation that did not reach statistical sig-
nificance (R²= 0.250, P= 0.08). Separate correlation ana-
lysis of osteoporotic fractures in CAH patients and PAI/SAI
patients also did not reach statistical significance (R²=
0.205, P= 0.44 and R²= 0.416, P= 0.17, respectively).

Discussion

This is the first systematic review and meta-analysis on
fracture rate in patients receiving glucocorticoid replace-
ment for either CAH, PAI, or SAI and it demonstrated an
overall higher rate in patients compared to controls. This
was true for both any and osteoporotic fractures. Fracture
incidence reported by different studies varied greatly owing
to differences in patient age, sex, and comorbidities, the
etiology of AI as well as the type of fracture and method of
screening.

Studies that reported low osteoporotic fracture rates were
more likely to include younger patients. For instance, the
studies with zero reported osteoporotic fracture had an age
range of 24–32 years [20, 28, 29] compared to the median
age of 55 years in the study population with the highest
fracture rate [10]. Patients with CAH had a lower osteo-
porotic fracture rate compared to patients with PAI or SAI
and were younger (30–40 years CAH patients versus 43–61
years PAI patients and 53–55 years SAI patients).

Studies with patients with SAI had the highest osteo-
porotic fracture rate, followed by patients with PAI. As well
as older age, those with SAI were more likely to have other
risk factors for osteoporosis such as hypogonadism and
growth hormone deficiency [10, 25, 37]. For example,
Mazziotti et al. reported the highest rate of osteoporotic
fracture (60.8%) in their cohort of patients with hypopitui-
tarism, all of whom with GH deficiency, and a proportion of
these patients did not receive recombinant GH (rGH)
treatment [10]. Similarly, 101 out of their 107 patients in
Rosen et al.’s study had concurrent glucocorticoid and
growth hormone deficiency. None of the patients were on
rGH replacement, and a proportion of these patients also
had untreated hypogonadism [25]. In addition, patients with
Addison’s disease can have other autoimmune manifesta-
tions such as premature ovarian insufficiency, atrophic
gastritis and celiac disease that may negatively impact bone
health [34].

Androgen excess may be responsible for lower fracture
rate in CAH patients due to its protective role. However, the

Fig. 1 Flow chart of study selection for systematic review and meta-
analysis
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true effect of androgens on fracture is difficult to tease out
due to the interplay of many additional confounding factors
mentioned earlier. It should also be considered that poor
glucocorticoid adherence increases androgen concentra-
tions, especially in women with CAH which may increase
BMD, while good adherence may lead to low androgens
[38, 39] and decreased BMD. In contrast, in males with
CAH, increased adrenal androgen concentrations may
decrease testosterone concentration due to inhibition of
gonadotropins [38].

Glucocorticoid doses and regimens differ depending on
the etiology of AI [40]. For instance, relatively higher doses
of glucocorticoids are required for the suppression of
adrenal androgen production in CAH compared to repla-
cement doses for PAI or SAI [18, 41]. Our study showed
glucocorticoid replacement doses had minimal effect on the
overall fracture rate. Although there is a weak to moderate
correlation of glucocorticoid equivalent dose with osteo-
porotic fracture rate, particularly in patients with PAI and
SAI, these did not reach statistical significance. We

Fig. 2 Forrest plot comparing the rate of any fracture (upper panel) or osteoporotic fracture (lower panel) in patients receiving glucocorticoid
replacement therapy to that of control subjects

Fig. 3 Forest plot comparing osteoporotic fracture rates in patients receiving glucocorticoids replacement for congenital adrenal hyperplasia (upper
panel), or primary and secondary adrenal insufficiency (lower panel), with that of control subjects
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acknowledged that the major limitations included the het-
erogeneity of fracture definition and the actual dose used
was not too different between the studies. Moreover, we
only used the current glucocorticoid dose and we could not
calculate the lifetime glucocorticoid exposure due to lack of
data. Thus, more studies are needed for analysis of the effect
of glucocorticoid doses on fracture rate.

Osteoporotic fracture rates in patients with CAH,
although 2.5 times higher than that of controls, just failed to
reach statistical significance [19, 20, 26, 29]. The two stu-
dies in patients with CAH that contributed to the calculation
of the final OR had vastly different fracture incidence with
significantly increased fracture rate in females with CAH
compared to controls (OR= 5.11, 1.05–24.71) but no
increase in fracture rate in males with CAH (OR= 1.35,
0.36–4.99) [19, 26]. The latter also reported a higher than
usual fracture rate in their male control subjects, which may
be related to a high prevalence of sports injuries in young
males [26]. A later study by the same authors on a female
cohort reported that rough sport and outdoor activities were
more common in women with CAH than their matched
controls, probably due to high fetal androgen exposure and
therefore more masculinized behavior [42], which may
explain the relatively high fracture rate in these females.

The study by Björnsdottir et al. reported a relatively low
rate of osteoporotic hip fractures at 6.9% [34], despite that
the median age of their patient cohort was 61 years, com-
pared to the rate of vertebral fractures which ranged
between 5.8% [12] in patient with PAI, to up to 60.8% in a
group of patients with SAI [10]. It should be noted that hip
fractures occur at an older age compared to vertebral frac-
tures which may explain the difference. Björnsdottir’s study
accounts for the majority of combined subjects, which may
underestimate the difference between fracture rate in
patients and control subjects. Excluding Björnsdottir et al.’s
study increased OR for both any and osteoporotic fractures.

Fracture definition is also an important determinant for
fracture rate. For instance, one study reported relatively low
rates of vertebral fractures (around 2.4% for CAH patients
and 5.8% for PAI patients) when the method of data col-
lection was done via self-reporting using surveys [12].
Other studies have looked for fractures extensively through
history and examination as well as utilizing radiography if
symptoms or signs suggest vertebral fractures but did not
find any fractures except for one case of self-reported
traumatic fracture of the wrist [20]. Three studies using
radiological diagnosis reported much higher vertebral
fracture rates at 16.7% [11], 21.8% [36], and 60.8% [10],
further highlighting that spinal fractures are often under-
diagnosed as they are asymptomatic. In two of three cases
that reported zero any/osteoporotic fractures, fracture defi-
nition was not defined [28, 31].

This systematic review and meta-analysis have several
limitations, which we must acknowledge when considering
the internal and external validity of our conclusion. E.g., the
studies included were highly heterogeneous with many
confounders as discussed previously. There were no rando-
mized controlled trials, most studies were small and the study
design varied between prospective to retrospective cohort/
case-control studies. Out of the seven studies included in the
meta-analysis, three studies were deemed “poor quality” due
to a lack of independent validation (blinded interview/
examination or X-ray) in their outcome measures in both
patients and controls and the use of reference or poorly
matched controls [20, 25, 29]. It is worth noting that two of
the three “poor quality” studies found no osteoporotic frac-
tures in either patient or control groups and one found only
one traumatic fracture in the patient group [20, 29]. Thus, the
inclusion of these studies may underrepresent fracture inci-
dence overall. Furthermore, fracture rate was not the primary
outcome for some of the studies included, so it was difficult
to discern the type/location of the fracture, fracture definition,
or whether the fracture was symptomatic. Subgroup analysis
of these would have helped further with understanding the
diagnosis and management of fractures in this group of
patients. Finally, many of the studies were Swedish or
Scandinavian and almost all were from Europe/US which
may make the data less generalizable.

Conclusion

AI is a chronic condition with many long-term complications.
In this first systematic review and meta-analysis analyzing
fracture rates, we could demonstrate that patients with AI on
glucocorticoid replacement therapy had an increased incidence
of fractures compared to the control population. Supraphy-
siological glucocorticoid doses probably play a role. Despite
the study’s limitations, it is important to make clinicians aware
of the association between glucocorticoid replacement and
increased fracture rate while managing the bone health of these
patients.
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