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Abstract
Context: The prevalence and severity of low bone mineral density (BMD) in hypogonadotropic hypogonadism (HH), as well as the ability of 
reproductive hormone treatment to normalize BMD have not been investigated in large multicenter studies.
Objective: We performed a systemic review and meta-analysis of several small, observational studies to investigate the effect of reproductive 
hormone treatment on BMD in men with HH compared with control groups where available.
Methods: We searched OVID Medline, Embase, CINAHL, SCOPUS, Web of Science, and Cochrane Library for studies reporting BMD or 
fractures in men with HH (congenital [CHH] or acquired). Study selection and data extraction were performed using COVIDENCE and a 
prespecified tool. Results were summarized using descriptive statistics. Meta-analysis compared BMD in men with HH vs healthy controls. 
Meta-regression assessed relationships between treatment duration and BMD Z-scores against normative population data.
Results: Of the 33 eligible studies, 24 included data specific to men with HH (n = 625). Men with HH had low lumbar spine (LS) and femoral neck 
BMD, improving with hormonal treatment. Meta-analysis of 5 studies found lower LS BMD in men with HH vs healthy controls (SMD −5.98; 95% 
CI; −11.5 to −0.47). Men with CHH may have persistently low BMD despite prolonged hormonal treatment. Higher BMD in HH was associated 
with younger age at treatment initiation, partial HH, and higher serum testosterone and estradiol concentrations. Fracture prevalence was high in 
the few studies systematically studying fractures as an outcome; in other studies, fractures were seldom reported.
Conclusion: Men with HH have low BMD that improves with reproductive hormone treatment. However, current evidence suggests that 
incomplete BMD normalization may be common despite long-term reproductive hormone treatment in men with HH, particularly those with 
CHH.
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Hypogonadotropic hypogonadism (HH) affects approximately 
1 in 2000 men (1). HH may present prepubertally (congenital 
HH; CHH) or in postpubertal adults (acquired HH). 
Testosterone increases bone strength and density directly 
through its action on androgen receptors and indirectly after 
conversion to estradiol, which binds to estrogen receptors (2). 
Mechanistically, activation of androgen receptors in bone pri
marily stimulates osteoblast proliferation and inhibits osteo
clast activity, while activation of estrogen receptors primarily 
inhibits osteoclast proliferation and promotes osteoclast apop
tosis (3). Therefore, hypogonadism is a well-known cause of 
osteoporosis in men (3). Testosterone treatment, the standard 

treatment for HH, has beneficial effects on bone mineral dens
ity (BMD) in men with hypogonadism (4). The beneficial effects 
of testosterone treatment on bone mineralization have been 
studied within large randomized controlled studies (RCTs) of 
men with functional hypogonadism associated with older age 
or comorbidities although effects on fracture risk remain con
troversial (5, 6). However, it is unethical to conduct prolonged 
placebo-controlled RCTs in men with HH. Therefore, the ef
fects of testosterone replacement therapy (TRT) on bone out
comes in HH have been studied only in modestly sized 
observational studies. Similarly, there is scarcity of bone data 
on other reproductive hormone replacement modalities 
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(gonadotrophins and gonadotropin-releasing hormone pulse 
therapy) that stimulate endogenous testosterone secretion. In 
summary, the extent to which reproductive hormone therapies 
improve and normalize BMD in men with HH has not been 
conclusively studied to date.

This systematic review was conducted to investigate the fol
lowing in men with HH: a) BMD compared with healthy eu
gonadal men or men with other relevant diseases; b) changes 
in BMD with reproductive hormone treatment; c) the extent 
to which BMD normalizes compared with the population 
with reproductive hormone treatment.

Materials and Methods
We followed the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines in this sys
tematic review and meta-analysis. This systematic review was 
prospectively registered in PROSPERO (CRD42024569718).

Search Strategy and Study Selection
We searched for studies reporting BMD or fracture outcomes 
in men with HH (either CHH or acquired) with or without a 
comparator group. The most common cause for acquired HH 
was pituitary pathology (eg, pituitary tumors or surgery). We 
excluded (1) studies of men with other causes of male hypo
gonadism such as testicular failure, functional hypogonadism 
(obesity, diabetes, severe energy deficit); (2) men with hypo
gonadism due to causes that can independently affect bone 
health and would confound the ability to assess testosterone 
effects (thalassemia, hereditary hemochromatosis, acromeg
aly, Cushing syndrome, prostate cancer); (3) studies of adoles
cents; (4) case reports, case series with fewer than 5 eligible 
patients, publications without an English full-text article 
and conference abstracts.

We searched OVID Medline, Embase, CINAHL, SCOPUS, 
Web of Science, and Cochrane Library from inception to July 
11, 2024. We performed a key word search in Medline using 
the terms “hypogonadotropic hypogonadism” OR “Kallmann 
syndrome” that was combined with the key word search 
“osteoporosis” OR “osteop?enia” OR “fracture*” OR “densi
tometry” OR “D?XA” using the “AND” operator. A similar 
search was performed using Medical Subject Headings terms. 
The detailed search strategy for individual databases is pro
vided in Supplementary File S1 (7). We also reviewed the refer
ences of selected full-text articles to identify additional 
studies.

Study selection and data extraction were performed using the 
COVIDENCE online platform (Veritas Health Innovation). 
Results of individual database searches were transferred to 
the COVIDENCE, and duplicates were removed. Titles and ab
stracts were reviewed independently for eligibility to screen full- 
text articles by 2 reviewers (R.B. and P.D.). The same reviewers 
reviewed the full-text articles for eligibility to extract data. 
Conflicts were resolved by a third reviewer (N.L. or E.H.).

Data Extraction
Two reviewers (R.B. and P.D.) extracted data from selected 
full-text articles on relevant data extraction forms. All data 
extractions were verified by a second reviewer (N.L. or 
E.H.). We extracted data on the study design, participant 
characteristics, comparator characteristics (if available), 

treatment details, outcome measures, and results on prede
fined data extraction templates (Supplementary File 2 (8)).

Primary outcome measures of interest were fractures and 
low BMD. We defined low BMD as a Z-score less than or 
equal to −2 in any of the following sites using dual-energy 
x-ray absorptiometry: lumbar spine (LS), total hip (TH), fem
oral neck (FN), or distal forearm. If these were not reported, 
summary statistics of Z-score/ t-score or BMD were assessed.

Quality Assessment
We used the Cochrane ROB tool for the risk of bias (ROB) of 
RCTs. For observational studies, we used the NIH quality as
sessment tool for observational cohort and cross-sectional 
studies (Supplementary File S3 (9)).

Data Analysis
We summarized the reported BMD and fracture data using de
scriptive statistics. We performed meta-analyses to compare 
BMD in men with HH to healthy controls. In comparing men 
with HH to healthy controls, we performed sensitivity analyses 
depending on the men’s treatment status. We also performed a 
meta-analysis and a meta-regression of Z-scores of LS and FN 
BMD in men with HH, considering the treatment duration and 
patient group (CHH, acquired or mixed, ie, study cohort in
cluded both CHH and acquired HH) as covariates. Age was 
not included as a covariate, as Z-scores adjust for this. The 
meta-regression with treatment duration was limited to studies 
reporting patients with CHH due to the inadequate number of 
studies with acquired HH. A random-effects model was used 
due to the small number of studies included in the meta- 
analysis. I-squared (I2) statistics were used to assess study 
heterogeneity.

Results
The database search yielded 1902 results, of which 1230 ab
stracts were reviewed for eligibility after removing duplicates 
(Fig. 1). We reviewed 93 full-text articles for eligibility, and 
25 met the eligibility criteria. We additionally identified 8 
studies from citation searching, resulting in 33 studies in the 
final review (10-42). Study characteristics are described in 
Supplementary File 4 (43). Although some studies we included 
were eligible based on reporting men with HH, the bone dens
ity results were mixed with another population such as wom
en (22) or men with other causes of hypogonadism and were 
therefore excluded from further analysis (20, 26, 28, 29, 32, 
35, 39, 40). A total of 625 men were included across the 24 
analyzed studies.

Quality of Evidence
The quality assessment of all the observational studies is sum
marized in Supplementary File 5 (44). Seventeen of the 33 
studies had “fair” overall quality while 12 were rated “poor” 
and 3 were rated “good.” Not defining patient and control 
populations clearly, the lack of sample size estimation, not ad
justing for confounders in the analysis, and the lack of blind
ing in the outcome assessment were the main contributing 
factors for lower ratings. The only eligible randomized con
trolled study was not included in the detailed synthesis since 
results were reported together with other causes of hypo
gonadism (29). However, this study was found to have 
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“some concerns over the risk of bias,” according to our assess
ment using the ROB 2 tool.

Bone Mineral Density in Men With 
Hypogonadotropic Hypogonadism Compared With 
Normative Population Data
To compare BMD in men with HH and population normative 
data, we performed meta-analyses and meta-regressions of 
Z-scores of LS and FN regions. Covariates within the analyses 
were classification of HH (acquired HH, CHH, and mixed, ie, 
both CHH and acquired HH) and treatment duration. 
T-scores were used in 3 studies when the Z-score was not re
ported, with the assumption that they would be similar to 
Z-scores in young people (10, 19, 24).

Lumbar spine
The pooled LS Z-score in men with HH was −0.87 (95% CI, 
−1.55 to −0.18) using data from all 10 studies with available 
data (10-14, 19, 24, 25, 30, 33) (Fig. 2A). The pooled mean LS 
Z-score for studies by group was 1.15 (95% CI, 0.90-1.41) for 
acquired HH, −1.13 (95% CI, −1.78 to −0.49) for CHH, and 
−0.66 (95% CI, −0.95 to −0.38) for mixed (ie, both CHH and 
acquired HH) (Fig. 2B). Meta-regression, considering the pa
tient group and treatment duration, indicated lower Z-scores 
in men with CHH compared to the acquired HH group, with a 
coefficient of −2.28 (95% CI, −4.31 to −0.26; P = .027). A 
nonsignificant trend was observed toward increased Z-score 
with testosterone treatment duration with a mean increase 
of 0.07 per year (95% CI, −0.01 to 0.16; P = .094) in men 
with CHH (Fig. 2C). The I2 statistic was 98%, suggesting 
that 98% of the variance in observed effects reflects hetero
geneity between studies, rather than sampling error.

Femoral neck
In 9 studies (11-14, 19, 24, 25, 30, 33) with available data on 
men with HH, the pooled FN Z-score was −0.70 (95% CI, 
−1.05 to −0.34) (Fig. 3A). The pooled FN Z-score for studies 
by group was 0.46 (95% CI, 0.24-0.68) for acquired, −0.85 
(95% CI, −1.18 to −0.51) for CHH, and −0.64 (95% CI, 
−0.90 to −0.39) for mixed (Fig. 2B). Meta-regression found 
significantly lower FN Z-scores compared with the acquired 
HH group in both the CHH group (coefficient, −1.31; 95% 
CI, −2.21 to −0.40; P = .0049) and the mixed group (coeffi
cient, −1.15; 95% CI, −2.22 to −0.08; P = .036). Treatment 
duration was not associated with FN Z-scores in men with 
CHH (P = .97) (Fig. 3C). The I2 statistic was 95%, suggesting 
that 95% of the variance in observed effects reflects hetero
geneity between studies, rather than sampling error.

Comparing Bone Mineral Density in Men with 
Hypogonadotropic Hypogonadism Compared With 
Healthy Eugonadal Men
We identified several studies comparing bone density data in 
healthy eugonadal men compared with treated (13, 16, 25, 
34, 37, 42), or untreated men with HH (16, 18, 21, 37, 38). 
Results of the studies comparing men with HH to healthy con
trols are summarized in Table 1.

We performed a meta-analysis comparing LS BMD in men 
with HH and healthy controls in studies with mean and SD 
available (Fig. 4). Four studies were not included in the meta- 
analysis for the following reasons: not reporting BMD values 
(34); not reporting SDs and inability to calculate SDs due to 
nonnormal distribution (16); only reporting cortical and 
trabecular bone density (41, 42). As expected, LS BMD was 
lower in men with HH compared to healthy controls with a 

Figure 1. PRISMA flow diagram for the study selection. The database search identified 1902 studies. After removing duplicates, 1230 abstracts were 
screened and 93 were selected for full-text review. Twenty-five were included in the final review. Eight additional studies were identified through 
citation searching.
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standardized mean difference (SMD) of −5.98 (95% CI, −11.5 
to −0.47) (P = .03). However, subgroup analyses revealed no 
statistically significant difference in men with treated (P = .27) 
or untreated HH (P = .12) when compared with healthy eugo
nadal men. FN BMD comparisons were available only for 4 
studies, so a meta-analysis was not conducted.

The largest study comparing men with HH to healthy con
trols was a cross-sectional study from France (51 men with 
CHH, 40 healthy eugonadal men) (13). Despite an average 
duration of hormonal treatment of 10.5 ± 6.9 years, areal 
BMD in LS, TH, and FN and distal radius and cortical and tra
becular volumetric BMD were lower in men with CHH com
pared to healthy eugonadal men (13). The authors also 
reported impaired trabecular microarchitecture in men with 
HH compared with controls after 10.5 years of treatment. 
Higher trabecular bone volume and volumetric BMD were 
observed in men with CHH who started hormonal treatment 
at younger than 19 years and those with partial CHH, com
pared with other men with CHH.

In summary, BMD is lower in men with HH compared to 
healthy controls. However, it remains uncertain whether 
BMD completely normalizes compared with the general popu
lation following hormonal treatment.

Comparing Bone Mineral Density in Men With 
Hypogonadotropic Hypogonadism Compared With 
Men With Primary Hypogonadism
Bone outcomes in men with HH were compared to men with 
primary hypogonadism (PH) in 8 studies (11, 16, 25, 27, 30, 
31, 33, 36). Most studies included men either treated or un
treated with hormonal treatment. Two studies included only 
men with Klinefelter syndrome in the PH group of men 
(25, 33), while 4 studies had a mixture of patients with PH 
due to various specified etiologies (11, 30, 31, 36). Two stud
ies did not report the etiology of PH in their participants 
(16, 27). Results of the studies comparing men with HH to 
men with PH are summarized in Table 1. In the study by 
Giovanelli et al (11), the HH population included 5 of 47 
men with functional hypogonadism; however, the summary 
statistics for all 47 were considered. Overall, 5 of 8 studies 
reported lower BMD in men with HH compared to PH 
(16, 25, 27, 31, 33). In some of these studies, men with HH 
had lower baseline total testosterone when compared with 
men with PH (25, 31, 33), but other studies did not report base
line TT concentration (16, 27). One of the 8 studies reported 
higher BMD in men with HH (LS Z-score, −0.7 ± 1.1) com
pared with PH (LS Z-score, −1 ± 1.4) (11). This is despite lower 

A

B C

Figure 2. Meta-analysis and meta-regression of lumbar spine Z-scores in men with hypogonadotropic hypogonadism (HH). A, Meta-analysis of eligible 
studies reporting lumbar spine Z-scores with a pooled value of −0.866 (95% CI: −1.548 to −0.184). B, Meta-analysis by group showing individual study 
lumbar spine Z-score means (represented by pale dots) and the pooled mean with 95% CI. P values shown for meta-regression indicating differences 
between groups. C, Meta-regression of lumbar spine Z-score according to treatment duration in studies reporting data of men with congenital 
hypogonadotropic hypogonadism (CHH) only.
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25-OH D3 levels in men with HH (22.4 ± 12.7 ng/mL) com
pared with men with PH (27.8 ± 12.2 ng/mL). Two remaining 
studies did not observe a statistically significant difference in 
bone outcomes in men with HH compared with men with PH 
(30, 36).

In summary, some studies have observed that men with 
CHH have lower BMD compared with PH; however, con
founders preclude our ability to accurately compare bone out
comes between the patient groups.

Bone Mineral Density Changes in Men With 
Hypogonadotropic Hypogonadism With 
Reproductive Hormone Treatment
Several cohort studies have reported bone density changes fol
lowing hormonal treatment in treatment-naive men (10, 14, 
18, 19, 23, 24, 33, 36, 37), while other studies compared 
treated men with HH vs different men with untreated HH 
(10, 12, 14, 16).

A retrospective study of men with CHH reported cross- 
sectional data comparing 27 treated (median treatment dur
ation: 7 years) with 42 untreated men (14). The authors ob
served significantly higher raw BMD and Z-scores in treated 
compared with untreated men with CHH (LS BMD; 0.89 ±  
0.14 g/cm2 vs 1.14 ± 0.14 g/cm2; P < .001; FN BMD; 0.81 ±  

0.12 g/cm2 vs 0.96 ± 0.13 g/cm2; P < .001; TH BMD; 0.77  
± 0.13 g/cm2 vs 0.96 ± 0.15 g/cm2; P < .001). The same retro
spective study reported BMD change with treatment in 53 
men with CHH with a variable duration of follow-up; how
ever, only 6 men were followed up for more than 6 years. A 
significant increase in LS BMD (0.12 ± 0.08 g/cm2), but not 
in FN (0.07 ± 0.07 g/cm2), and TH (0.07 ± 0.06 g/cm2) was 
observed following treatment in men with CHH.

Antonio et al (10) compared T-score in treated (n = 19) vs 
treatment-naive (n = 6) men with CHH, and the change in 
Z-score during treatment in men with CHH for a median pe
riod of 11 years. T-score < −1 in the LS was observed in 61% 
men with CHH despite long-term treatment though the 
T-score improved during treatment (T-score improvement: 
LS; 2.19 ± 0.31; P < .01; FN; 1.47 ± 0.29; P < .001).

Results of all included studies reporting pretreatment and 
posttreatment bone outcomes in men with HH are summar
ized in Table 2. Improvements in at least one bone outcome 
were observed in all 8 studies; however, 1 study reported 
improvements only in the LS T-score, with no changes 
observed in the TH or FN T-scores (16). Several studies 
have examined bone outcomes in men with treated and 
untreated HH (Table 3), with most, but not all, demonstrating 
improvements in bone outcomes in treated men compared to 
those who were untreated.

A

B C

Figure 3. Meta-analysis and meta-regression of femoral neck Z-scores in men with hypogonadotropic hypogonadism (HH). A, Meta-analysis of eligible 
studies reporting femoral neck Z-scores with a pooled value of −0.698 (95% CI: −1.054 to −0.342). B, Meta-analysis by group showing individual study 
femoral neck Z-score means (represented by pale dots) and the pooled mean with 95% CI. P values shown for meta-regression indicating differences 
between groups. C, Meta-regression of femoral neck Z-score according to treatment duration in studies reporting data of men with congenital 
hypogonadotropic hypogonadism (CHH) only.
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Table 1. Summary of results in studies comparing men with hypogonadotropic hypogonadism to healthy controls or men with primary 
hypogonadism

Study ID Outcome Men with HHa Healthy controls Men with PHa Significance

Giovanelli et al 2022 
(11)

LS Z-score −0.7 ± 1.1 — −1.0 ± 1.4 .01
FN Z-score −0.6 ± 1.0 — −0.7 ± 1.1 .07
Vertebral fragility fractures 8/47 — 14/72 .6
Other fragility fractures 2/47 — 2/72 .5

Ostertag et al 2021 
(13)

LS BMD (g/cm2) 1.12 ± 0.19 1.23 ± 0.13 — <.01
LS Z-score −1.02 ± 1.56 0.43 ± 1.11 — <.0001
FN BMD (g/cm2) 1.01 ± 0.18 1.12 ± 0.14 — <.01
FN Z-score −0.43 ± 1.34 0.95 ± 1.08 — <.0001
TH BMD (g/cm2) 1.03 ± 0.20 1.13 ± 0.14 — <.01
TH Z-score −0.43 ± 1.43 0.90 ± 1.13 — <.0001
Distal radius BMD (g/cm2) 0.48 ± 0.10 0.56 ± 0.06 — <.0001
Distal radius Z-score −1.05 ± 1.93 0.76 ± 1.11 — <.0001
Number with Z-score < −2 in LS 16/51 0 (based on inclusion 

criteria)
— NA

Number with Z-score < −2 in distal 
radius

14/51 0 (based on inclusion 
criteria)

— NA

Number with fragility fractures 7/51 0 (based on inclusion 
criteria)

— NA

Li et al 2015 (18) Number of men with low BMD 
(Z-score < −2)

21/22 8/20 — NR

LS BMD (g/cm2) 0.91 ± 0.15 1.19 ± 0.09 — <.001
FN BMD(g/cm2) 0.802 ± 0.111 1.051 ± 0.055 — <.001
TH BMD (g/cm2) 0.838 ± 0.123 1.116 ± 0.069 — <.001

Gioia et al 2014 (16) BMD LS (g/cm2) 1.05 (0.9 to 1.13) 1.23 (0.97 to 1.5) 1.2 (0.95 to 1.35) NS
LS T-score −1.3 (−2.3 to −0.7) 0.1 (−2.1 to 2.3) −0.2 (−2.0 to 1.2) <.01b < .05c

LS Z-score 1.2 (−3.0; −0.2) 0.0 (−2.4 to 2.4) −0.2 (−2.7 to 1.2) NS
FN BMD (g/cm2) 0.85 (0.73 to 0.94) 0.98 (0.74 to 1.56) 0.99 (0.82 to 1.17) <0.01b < 0.01c

FN T-score −1.6 (−2.3 to −1.0) −0.7 (−2.6 to 3.8) −0.5 (−1.9 to 0.7) <.01b < .01c

FN Z-score −1.05 (−1.8 to −0.4) 0.00 (−1.9 to 4.00) −0.25 (−1.3 to 0.6) <.01b < .05c

TH BMD(g/cm2) 0.96 (0.81 to 1.02) 1.04 (0.84 to 1.57) 1.08 (0.78 to 1.24) NS
TH T-score −0.9 (−1.6 to −0.4) −0.4 (−1.9 to 3.7) −0.1 (−1.1 to 1.1) NS
TH Z-score −0.45 (−1.6 to 0.1) 0.0 (−1.6 to 3.7) 0.00 (−0.9 to 1.4) NS

Bolu et al 2005 (21) Vertebral BMD (g/cm2) 0.74 ± 0.11 0.99 ± 0.15 — −.001
Femur total BMD (g/cm2) 0.88 ± 0.13 1.05 ± 0.12 — .001
FN BMD (g/cm2) 0.86 ± 0.12 1.01 ± 0.13 — .001

Schubert et al 2003 
(27)

Trabecular (distal radius) Z-score −1.52 ± 0.23 — −0.87 ± 0.23 <.01

Zacharin et al 2003 
(30)

LS BMD (g/cm2) 1.03 ± 0.16 — 1.01 ± 0.03 NS
LS Z-score −0.50 ± 1.37 — −0.73 ± 0.28 NS
LS T-score −0.53 ± 1.40 — −0.77 ± 0.27 NS
FN BMD (g/cm2) 0.86 ± 0.12 — 0.88 ± 0.14 NS
FN Z-score −0.81 ± 1.18 — −0.66 ± 1.25 NS
FN T-score −1.12 ± 1.25 — −0.91 ± 1.29 NS

De Rosa et al 2001 
(25)

LS BMD (g/cm2) 0.804 ± 0.04 1.080 ± 0.01 0.978 ± 0.05 <.001b < .05c

LS Z-score −2.59 ± 0.34 −0.06 ± 0.09 −0.97 ± 0.41 NR
LS T-score −2.60 ± 0.35 −0.07 ± 0.09 −1.02 ± 0.42 NR
FN BMD (g/cm2) 0.850 ± 0.01 0.948 ± 0.02 0.892 ± 0.03 NS
FN Z-score −0.81 ± 0.11 +0.14 ± 0.25 −0.41 ± 0.37 NR
FN T-score −0.77 ± 0.11 +0.12 ± 0.22 −0.39 ± 0.31 NR

Ozisik et al 2001 (38) Vertebral BMD (g/cm2) 0.77 ± 0.029 1.190 ± 0.013 — <.001
Leifke et al 1998 (36) Trabecular BMD (mg/cm3) congenital: 82 ± 10 

acquired:112 ± −20
— Klinefelter: 125 ± 12 

acquired: 117 ± 13
NR

Cortical BMD (mg/cm3) congenital: 221 ± 27 
acquired: 255 ± 23

— Klinefelter: 276 ± 31 
acquired: 268 ± 7

NR

Lubushitzky et al 1998 
(37)

LS BMD (g/cm2) 0.93 ± 0.09 1.07 ± 0.15 — <.009
FN BMD (g/cm2) 0.95 ± 0.11 1.08 ± 0.16 — <.006
LS QBS (%ID/mL × 10−3) 5.43 ± 1.58 5.50 ± 1.15 — NS
FN QBS (%ID/mL × 10−3) 4.19 ± 1.86 3.81 ± 1.28 — NS

Behre et al 1997 (31) BMD using qCT on lumbar spine 
(mg/cm3 hydroxyapatite)

84.1 ± 6.5 — 105.0 ± 9.1 NR

Choi et al 1995 (33) LS Z-score −0.37 ± 0.30 — −0.78 ± 0.19 NS
FN Z-score −0.20 ± 0.37 — −0.24 ± 0.18 NS
Ward triangle Z-score 0.39 ± 0.39 — 0.33 ± 0.24 NS

Finkelstein et al 1989 
(41)

Cortical (measured using?) bone 
density (g/cm2) in those with fused 
epiphyses

0.74 ± 0.01 0.86 ± 0.01 — <.001

(continued)
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Factors Associated With Bone Mineral Density in 
Men with Hypogonadotropic Hypogonadism
Age of men with HH at treatment initiation was the most fre
quently identified factor associated with BMD. Four studies 
observed higher BMD in those starting hormonal treatment 
earlier in life (13, 14, 25, 34). Other factors reported to be as
sociated with better BMD were partial HH (13); duration of 
hormonal treatment (14); and free testosterone and estradiol 
concentrations (34). However, some studies failed to observe 
any association between reproductive hormone concentra
tions and BMD (14, 23, 42). Several studies were excluded be
cause they did not provide data specific for men with HH 
rather than other causes of hypogonadism (11, 20, 22, 26- 
28, 30, 31, 33, 36).

Fracture Outcomes in Men with Hypogonadotropic 
Hypogonadism
Only 2 studies have comprehensively assessed fracture preva
lence as a study outcome. Giovanelli et al (11) assessed verte
bral fractures by morphometric VF assessment (VFA) and 
other fragility fractures through medical history. They ob
served that 17% (8/47) men with HH (age 46.3 ± 12.5 years) 
had vertebral fragility fractures and 4.3% (2/47) had other 

fragility fractures. The authors observed no significant differ
ence in fractures prevalence between men with HH and PH. 
Another study observed that in men with Kallmann syndrome 
(age 30.31 ± 9.38 years), 4 of 17 (23.5%) treated for less than 
6 months with testosterone/human chorionic gonadotropin 
and 2 of 15 (13.3%) treated for more than 2 years had a his
tory of fragility fractures. Furthermore, mild or moderate ver
tebral deformities (by Genant staging) were detected by VFA 
in 5 of 17 patients treated for less than 6 months (17). An add
itional 8 studies reported on fracture outcomes without for
mal fracture assessments (10, 12, 13, 15, 16, 18, 23, 42). A 
summary of studies reporting on fractures in men with HH 
is shown in Table 4. In summary, studies with systematic as
sessment for fractures as outcomes report relatively high frac
ture prevalence. However, studies without systematic fracture 
assessment fail to observe an increased fracture risk.

Discussion
Our systematic review confirms lower BMD, Z-scores, and 
T-scores in men with HH compared to healthy controls, and 
an improvement in BMD with subsequent hormonal treat
ment. Although these are expected observations, our meta- 
analysis suggests lower LS and FN Z-scores across various 

Table 1. Continued

Study ID Outcome Men with HHa Healthy controls Men with PHa Significance
Cortical bone density (g/cm2) in those 

with open epiphyses
0.70 ± 0.03 0.79 ± 0.02 — < .001

Trabecular bone density (mg/cm3) 116 ± 6 177 ± 4 — <.0001
Finkelstein et al 1987 

(42)
Cortical bone density (g/cm2) in those 

with fused epiphyses
0.71 ± 0.02 0.86 ± 0.01 — <.0001

Cortical bone density (g/cm2) in those 
with open epiphyses

0.61 ± 0.01 0.79 ± 0.02 — <.001

Trabecular bone density (mg/cm3) 112 ± 7 177 ± 4 — <.0001

Abbreviations: BMD, bone mineral density; FN, femoral neck; HH, hypogonadotropic hypogonadism; LS, lumbar spine; NR, not reported; NS, not significant; PH, 
primary hypogonadism; TH, total hip; QBS, quantitative bone SPECT; qCT, quantitative computed tomography.
aWhen more than one set of data were reported in cohort studies, the latest results were included.
bBetween HH and healthy control.
cBetween HH and PH.

Figure 4. Meta-analysis of lumbar spine bone mineral density (BMD) in men with hypogonadotropic hypogonadism (HH) compared to healthy controls. 
Of the 6 studies, 2 were of men treated hormonally and the other 4 compared untreated men to healthy controls.
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Table 2. Summary of results of the studies comparing bone outcomes pre treatment and post treatment in the same men with 
hypogonadotropic hypogonadism

Study ID Outcomes Pre treatment Post treatment Significance

Antonio et al 2019 (10) LS T-score −3.59 ± 0.58 −1.4 ± 0.83 <.001
TH T-score −2.03 ± 0.59 −0.55 ± 0.75 <.01
LS T-score < −1 6/6 3/6 NSa

TH T-score < −1 5/6 2/6 NSa

Pazderska et al 2018 (19) LS T-score −3.35 ± 0.52 −2.057 ± 0.8 .0061a

TH T-score −2.21 ± 0.75 −1.64 ± 0.72 NSa

FN T-score −2.37 ± 0.8 −2.0 ± 0.93 NSa

Li et al 2015 (18) LS BMD (g/cm2) 0.905 ± 0.153 1.017 ± 0.14 .002
FN BMD (g/cm2) 0.802 ± 0.111 0.923 ± 0.10 .003
TH BMD (g/cm2) 0.838 ± 0.123 0.920 ± 0.12 .003

Tirabassi et al 2014 (24) LS BMD (g/cm2) 1.11 ± 0.05 1.16 ± 0.05 <.001
Left FN BMD (g/cm2) 0.95 ± 0.05 0.97 ± 0.05 <.001
Left trochanter BMD (g/cm2) 0.78 ± 0.01 0.81 ± 0.02 <.001
LS T-score 0.71 ± 0.46 1.15 ± 0.45 <.001
Left FN T-score 0.35 ± 0.42 0.46 ± 0.39 <.001
Left trochanter T-score −0.07 ± 0.15 0.15 ± 0.17 <.001

Lee et al 2014 (23) LS BMD (g/m2) 1.067 ± 0.155 1.116 ± 0.177 .028
FN BMD (g/m2) 0.908 ± 0.148 0.875 ± 0.212 NS
Total femur BMD (g/m2) 0.968 ± 0.155 0.990 ± 0.166 NS

Lubushitzky et al 1998 (37) LS BMD (g/cm2) 0.82 ± 0.04 0.93 ± 0.09 P < .001
FN BMD (g/cm2) 0.87 ± 0.10 0.95 ± 0.11 P < .001
LS QBS (%ID/mL × 10−3) 6.20 ± 2.47 5. 43 ± 1.58 NS
FN QBS (%ID/mL × 10−3) 4.56 ± 2.13 4.19 ± 1.86 NS

Zhang et al 2021 (pre-53, post 30), median, IQR (14) LS BMD (g/cm2) 0.921 (0.807-1.023) 1.021 (0.882-1.171) .02a

FN BMD (g/cm2) 0.812 (0.731-0.894) 0.877 (0.827-0.978) .0026a

TH BMD (g/cm2) 0.797 (0.705-0.896) 0.896 (0.787-0.966) .003a

Choi et al 1995 (33) LS Z-score −1.68 ± 0.4 −0.37 ± 0.30 P < .01
FN Z-score −1 ± 0.43 −0.20 ± 0.37 P < .01
Ward triangle Z-score −0.32 ± 0.43 0.39 ± 0.39 P < .01

Abbreviations: BMD, bone mineral density; FN, femoral neck; IQR, interquartile range; LS, lumbar spine; NR, not reported; NS, not significant; TH, total hip; QBS, 
quantitative bone SPECT.
aP values were not reported in the original study and were derived by the authors using the available summary data.

Table 3. Summary of results of the studies comparing bone outcomes in men with treated hypogonadotropic hypogonadism vs untreated 
hypogonadotropic hypogonadism

Study ID Outcomes Untreated men Treated men Significance

Antonio et al 2019 (10) LS T-score −3.59 ± 0.58 −1.94 ± 0.33 .0001a

TH T-score −2.03 ± 0.59 −0.93 ± 0.29 .0001a

LS T-score < −1 6/6 13/17 NSa

TH T-score < −1 5/6 9/17 NSa

Maione et al 2018 (12) LS BMD (g/cm2) 1.00 ± 0.19 1.04 ± 0.19 NSa

FN BMD (g/cm2) 0.86 ± 0.13 0.89 ± 1.16 NSa

LS Z-score −1.28 ± 1.80 1.14 ± 1.67 .77
FN Z-score −0.81 ± 0.98 −0.98 ± 1.22 .56

Gioia et al 2014 (16) LS BMD (g/cm2) 1.05 (0.9 to 1.13) 1.18 (1.1 to 1.26) NS
LS T-score −1.3 (−2.3 to −0.7) 0.1 (−0.1 to 0.3) NS
LS Z-score −1.2 (−3.0; −0.2) 0.25 (−0.1 to 0.6) NS
FN BMD (g/cm2) 0.85 (0.73 to 0.94) 0.92 (0.86 to 0.98) NS
FN T-score −1.6 (−2.3 to −1.0) −0.6 (−0.7 to −0.5) <.05
FN Z-score −1.05 (−1.8 to −0.4) 0.2 (0.0 to 0.4) <.05
TH BMD 0.96 (0.81 to 1.02) 1.06 (0.9 to 1.21) NS
TH T-score −0.9 (−1.6 to −0.4) 0.0 (−0.9 to 0.9) NS
TH Z-score −0.45 (−1.6 to 0.1) 0.5 (−0.7 to 1.7) NS

Zhang et al 2021 (14) LS BMD (g/cm2) 0.888 ± 0.135 1.138 ± 0.138 <.001
FN BMD (g/cm2) 0.809 ± 0.116 0.960 ± 0.129 <.001
TH BMD (g/cm2) 0.773 ± 0.126 0.961 ± 0.154 <.001
LS Z-score −2.174 ± 0.972 −0.328 ± 1.201 <.001
FN Z-score −1.524 ± 0.786 −0.345 ± 0.910 <.001
TH Z-score −1.774 ± 0.889 −0.237 ± 1.085 <.001

Abbreviations: BMD, bone mineral density; FN, femoral neck; LS, lumbar spine; NR, not reported; NS, not significant; TH, total hip; QBS, quantitative bone SPEC.
aP values were not reported in the original study and were derived by the authors using the available summary data.
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treatment durations indicating persistence of BMD below age- 
and sex-matched population values despite treatment. This is 
concerning since it would be assumed that testosterone treat
ment would normalize bone outcomes in men with HH. 
Unexpectedly, when evaluating HH subgroups, we observed 
men with acquired HH had a slightly higher pooled mean 
LS and FN Z-score; however, we anticipate this is likely due 
to random variation, rather than attributable to a true clinical 
phenomenon. Notably, not all studies included standardized 
management with vitamin D and calcium supplementation, 
which may have confounded some of the results.

Our extensive search on multiple databases and robust study 
selection process ensured the identification of eligible studies. 
Using 2 predefined data extraction tools depending on the 
study design and the National Institutes of Health quality as
sessment tool allowed objective assessment of the studies. 
However, we needed to exclude some studies in detailed syn
thesis due to the lack of data for men with HH alone. In add
ition, the wide heterogeneity of the study population (eg, 
congenital and acquired, treated and untreated) and the re
ported outcomes (areal BMD, volumetric BMD, Z-score, and 
T-score) limited synthesis of our results. We partly overcame 
this by using tailored data synthesis methods. For example, ir
respective of the presence of a control group, we used Z-scores/ 
T-scores to obtain an understanding of the BMD compared to 
population normative data. We also acknowledge there was a 
lack of high-quality studies, with 29 of the 33 included studies 
classified as “fair” or “poor” during quality assessment.

Sex steroids play a crucial role in bone turnover through es
trogen and androgen receptors (3, 45). Therefore, low BMD is 
commonly observed in untreated men with HH. Similarly, tes
tosterone treatment is expected to improve BMD. However, 
our findings question whether this oversimplifies a potentially 
complex scenario whereby low BMD might persist despite 

years of hormone therapy. This could be due to multiple rea
sons. One potential mechanism particularly related to CHH is 
missing the window of opportunity during the pubertal 
growth spurt and accrual of peak bone mass. There is evidence 
that late puberty can reduce the peak bone mass accrual des
pite some catchup (46). Poor adherence to treatment is re
ported among patients with CHH, possibly contributing to 
poorer real-life outcomes (47). Failure to achieve adequate 
sustained physiological levels of testosterone concentrations 
has been suggested in some of the studies as another potential 
mechanism (12). In addition, short-acting testosterone injec
tions are known to be associated with fluctuations of testoster
one concentration, which might expose men to subtherapeutic 
levels (48). The quality of TRT offered to men was not known 
and therefore could not be evaluated. It is conceivable that 
men with HH treated with adequate TRT from a young age 
would see improved bone outcomes; however it is not possible 
to conclude that with this study. Further studies would be 
needed to determine whether these factors or others would 
modify the BMD achieved in these patients. There might be 
other nonandrogen products from testes such as insulin like 
3 (INSL3) involved in bone metabolism that are not corrected 
in standard reproductive hormone replacement (49). 
Furthermore, several mutations underlying CHH such as 
FGF8, FGFR1, and SEMA3A can have direct implications 
on bone health and therefore may confound the results (50).

Though we could not perform a meta-analysis, there was a 
trend toward lower BMD in men with HH compared with PH. 
PH groups mostly contained men with Klinefelter syndrome, 
and it is established that most adolescents with Klinefelter syn
drome undergo some degree of puberty and retain some 
Leydig cell function (2). Hence more pronounced androgen defi
ciency in HH compared with PH as noted in several studies might 
be a confounder. We were unable to perform a subgroup 

Table 4. Summary of the fracture outcomes reported by studies

Study ID Bone outcomes reported Men with HH group Comparator group

Giovanelli et al 2022a (11) Men with PH
Vertebral fractures 8/47 14/72
Other fragility fractures 2/47 2/72

Iolascon et al 2015a (17) Fragility fractures TRT < 6 mo 4/17 
TRT > 6 mo 2/15

None

Vertebral deformities TRT <6 mo 5/17
Finkelstein et al 1987 (42) Vertebral fracture 1/23 NR

Loss of vertebral height (no distinct fracture) 2/23 NR
Ostertag et al 2021 (13) Fragility fractures 7/51 0 (based on inclusion criteria)
Antonio et al 2019 (10) Fragility fractures 3/23 None
Maione et al 2018 (12) Pathological fractures 0/31 None
Dutta et al 2016 (15) Fragility fracture 1/22 Men with other endocrinopathies 

Graves disease 2/21 
T1DM 2/30 
PHPT 2/9 
Andropause 8/44

Li et al 2025 (18) Fracture 0/22 Age- and sex-matched healthy controls 
0/20

Gioia et al 2014 (16) Vertebral fracture 0/10 NR
Lee et al 2014 (23) Clinical fracture 0/21 None

Abbreviations: HH, hypogonadotropic hypogonadism; NR, not reported; PH, primary hypogonadism; PHPT, primary hyperparathyroidism; T1DM, type 1 diabetes 
mellitus; TRT, testosterone replacement therapy.
aFracture prevalence formally assessed as a study outcome.
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comparison according to etiology of PH due to limited reporting 
of this in the included papers. Giovanelli et al (11), in contrast, 
reported lower BMD in PH, which is predominantly due to lower 
LS BMD in men with Klinefelter syndrome, while FN BMD was 
similar in men with other causes of PH and men with HH. In 
adult men, estradiol plays a regulatory role in bone homeostasis. 
Evidence suggests that serum concentrations as low as 35 pmol/L 
may be sufficient to prevent increased bone resorption and de
cline in BMD (51), and higher estradiol levels are associated 
with higher BMD (34). It is worth considering that different 
forms of male hypogonadism may be associated with varying 
levels of circulating estradiol, although this was not examined 
in this analysis. There is some evidence that there is a direct nega
tive effect of FSH on bone metabolism, particularly trabecular 
bone (52). Therefore, current evidence is insufficient to resolve 
whether bone health differs between these two groups.

The most clinically relevant outcome in bone health is frac
tures. Since sex steroid effects are closely related to trabecular 
bone health, it is prudent to assess vertebral fractures in men 
with hypogonadism (5). Since up to two-thirds of vertebral 
fractures are clinically silent, vertebral fractures should be 
looked for radiologically (53). However, most of the studies 
did not include fracture as a separate clinical outcome or as
sessed fractures only from the history. Of studies that per
formed VFA, vertebral fractures were observed in 17% in 
one study (11) and another study found vertebral deformities 
in 29.4% of men with HH treated for less than 6 months with 
testosterone (17). In the same study, a history of fragility frac
ture was present in 18.8% of the men with HH. Though these 
studies did not have a healthy control group, the reported 
numbers are concerning for a young male population. 
Further interest in the ability of testosterone treatment to pro
tect bone health in men has emerged with the surprising find
ing of increased fracture prevalence in men treated with 
testosterone in the Testosterone Replacement Therapy for 
Assessment of Long-term Vascular Events and Efficacy 
Response in Hypogonadal Men (TRAVERSE) study (6). 
While these data from middle-aged and older men with func
tional hypogonadism cannot be extrapolated to men with or
ganic HH, these findings collectively call for closer attention 
to bone health in men with hypogonadism.

Conclusion
Our systematic review and meta-analysis confirm that men 
with HH have low BMD compared to healthy controls. 
There is evidence that BMD improves with hormonal treat
ment although there is a suggestion that BMD remains below 
population norms despite long-term treatment. The small 
number of men in the studies with long treatment duration 
and the lack of high-quality evidence from the available obser
vational studies particularly on fracture outcomes necessitate 
caution in interpreting these results and highlights the need for 
large, longer-term follow-up studies. This is crucial when also 
considering that fracture risk rises steeply with age. A multi
center cohort study with adequate follow-up would be the 
way forward to resolve these doubts.

Funding
The work in this review did not receive any specific funding. 
The Section of Endocrinology and Investigative Medicine is 
funded by grants from the Medical Research Council (MRC), 

National Institute for Health and Care Research (NIHR) and 
is supported by the NIHR Biomedical Research Centre 
Funding Scheme and the NIHR/Imperial Clinical Research 
Facility. The views expressed are those of the authors and not 
necessarily those of the NHS, the NIHR, or the Department 
of Health. The following authors are also funded as follows: 
NIHR Post-Doctoral Fellowship (C.N.J.).

Disclosures
The authors report the following disclosures: Besins 
Healthcare (B.G.), Amgen (A.N.C.), UCB (A.N.C.), Astellas 
(A.N.C.), Logixx Pharma Ltd (C.N.J.). C.N.J. is an editor 
for The Journal of Clinical Endocrinology & Metabolism 
and played no role in the journal’s evaluation of the 
manuscript.

Data Availability
Some or all data sets generated during and/or analyzed during 
the current study are not publicly available but are available 
from the corresponding author on reasonable request.

References
1. Regal M, Páramo C, Sierra JM, García-Mayor RV. Prevalence and 

incidence of hypopituitarism in an adult Caucasian population in 
northwestern Spain. Clin Endocrinol (Oxf). 2001;55(6):735-740.

2. De Silva NL, Papanikolaou N, Grossmann M, et al. Male hypo
gonadism: pathogenesis, diagnosis, and management. Lancet 
Diabetes Endocrinol. 2024;12(10):761-774.

3. Syed F, Khosla S. Mechanisms of sex steroid effects on bone. 
Biochem Biophys Res Commun. 2005;328(3):688-696.

4. Bhasin S, Brito JP, Cunningham GR, et al. Testosterone therapy in 
men with hypogonadism: an endocrine society clinical practice 
guideline. J Clin Endocrinol Metab. 2018;103(5):1715-1744.

5. Golds G, Houdek D, Arnason T. Male hypogonadism and osteo
porosis: the effects, clinical consequences, and treatment of testos
terone deficiency in bone health. Int J Endocrinol. 2017;2017(1): 
4602129.

6. Snyder PJ, Bauer DC, Ellenberg SS, et al. Testosterone treatment 
and fractures in men with hypogonadism. N Engl J Med. 
2024;390(3):203-211.

7. de Silva NL, Hyams E, Grant B, et al. Supplemental Table 1: Search 
strategy for individual databases. Zenodo. doi:10.5281/zenodo. 
16412829. Date of deposit 24 July 2025.

8. de Silva NL, Hyams E, Grant B, et al. Supplemental Table 2: Data 
Extraction Tool. Zenodo. doi:10.5281/zenodo.16412969. Date of 
deposit 24 July 2025.

9. de Silva NL, Hyams E, Grant B, et al. Supplemental Table 3: NIH 
quality assessment tool for observational cohort and cross-sectional 
studies. Zenodo. doi:10.5281/zenodo.16413012. Date of deposit 
24 July 2025.

10. Antonio L, Caerels S, Jardi F, Delaunay E, Vanderschueren D. 
Testosterone replacement in congenital hypogonadotropic hypo
gonadism maintains bone density but has only limited osteoana
bolic effects. Andrology. 2019;7(3):302-306.

11. Giovanelli L, Quinton R, Cangiano B, et al. FSH and bone: com
parison between males with central versus primary hypogonadism. 
Front Endocrinol (Lausanne). 2022;13:939897.

12. Maione L, Colao A, Young J. Bone mineral density in older patients 
with never-treated congenital hypogonadotropic hypogonadism. 
Endocrine. 2018;59(1):231-233.

13. Ostertag A, Papadakis GE, Collet C, et al. Compromised volumet
ric bone density and microarchitecture in men with congenital hy
pogonadotropic hypogonadism. J Clin Endocrinol Metab. 
2021;106(9):e3312-e3326.

The Journal of Clinical Endocrinology & Metabolism, 2026, Vol. 111, No. 1                                                                                              289
D

ow
nloaded from

 https://academ
ic.oup.com

/jcem
/article/111/1/280/8270757 by Im

perial C
ollege of Science Technology and M

edicine user on 15 January 2026

https://doi.org/10.5281/zenodo.16412829
https://doi.org/10.5281/zenodo.16412829
https://doi.org/10.5281/zenodo.16412969
https://doi.org/10.5281/zenodo.16413012


14. Zhang R, Mao J, Wang X, et al. Increased bone mineral density in 
male patients with idiopathic hypogonadotropic hypogonadism 
who undergo sex hormone therapy: findings from cross-sectional 
and longitudinal studies. Endocr Pract. 2021;27(9):934-940.

15. Dutta D, Dharmshaktu P, Aggarwal A, et al. Severity and pattern of 
bone mineral loss in endocrine causes of osteoporosis as compared 
to age-related bone mineral loss. J Postgrad Med. 2016;62(3): 
162-169.

16. Gioia A, Ceccoli L, Ronconi V, et al. Vitamin D levels and bone 
mineral density: are LH levels involved in the pathogenesis of 
bone impairment in hypogonadal men? J Endocrinol Invest. 
2014;37(12):1225-1231.

17. Iolascon G, Frizzi L, Bianco M, et al. Bone involvement in males 
with Kallmann disease. Aging Clin Exp Res. 2015;27(Suppl 1): 
S31-S36.

18. Li C-X, Tang S-T, Zhang Q. Changes in bone mineral density and 
metabolic parameters after pulsatile gonadorelin treatment in 
young men with hypogonadotropic hypogonadism. Int J 
Endocrinol. 2015;2015:1-5.

19. Pazderska A, Mamoojee Y, Artham S, et al. Safety and tolerability 
of one-year intramuscular testosterone regime to induce puberty in 
older men with CHH. Endocr Connect. 2018;7(1):133-138.

20. Aminorroaya A, Kelleher S, Conway AJ, Ly LP, Handelsman DJ. 
Adequacy of androgen replacement influences bone density re
sponse to testosterone in androgen-deficient men. Eur J 
Endocrinol. 2005;152(6):881-886.

21. Bolu SE, Orkunoglu Suer FE, Deniz F, Ückaya G, Imirzalioglu N, 
Kutlu M. The vitamin D receptor fok1 start codon polymorphism 
and bone mineral density in male hypogonadotrophic hypogonad
ism. J Endocrinol Invest. 2005;28(11):810-814.

22. Laitinen E-M, Hero M, Vaaralahti K, Tommiska J, Raivio T. Bone 
mineral density, body composition and bone turnover in patients 
with congenital hypogonadotropic hypogonadism. Int J Androl. 
2012;35(4):534-540.

23. Lee MJ, Ryu HK, An S-Y, Jeon JY, Lee JI, Chung Y-S. Testosterone 
replacement and bone mineral density in male pituitary tumor pa
tients. Endocrinol Metab (Seoul). 2014;29(1):48-53.

24. Tirabassi G, Biagioli A, Balercia G. Bone benefits of testosterone re
placement therapy in male hypogonadism. Panminerva Med. 
2014;56(2):151-163.

25. De Rosa M, Paesano L, Nuzzo V, et al. Bone mineral density and 
bone markers in hypogonadotropic and hypergonadotropic hypo
gonadal men after prolonged testosterone treatment. J Endocrinol 
Invest. 2001;24(4):246-252.

26. Ishizaka K, et al. Bone mineral density in hypogonadal men remains 
low after long-term testosterone replacement. Asian J Androl. 
2002;4(2):117-121.

27. Schubert M, Bullmann C, Minnemann T, Reiners C, Krone W, 
Jockenhövel F. Osteoporosis in male hypogonadism: responses to 
androgen substitution differ among men with primary and second
ary hypogonadism. Horm Res. 2003;60(1):21-28.

28. Wang C, Cunningham G, Dobs A, et al. Long-term testosterone gel 
(AndroGel) treatment maintains beneficial effects on sexual func
tion and mood, lean and fat mass, and bone mineral density in hypo
gonadal men. J Clin Endocrinol Metab. 2004;89(5):2085-2098.

29. Wang C, Swerdloff RS, Iranmanesh A, et al. Effects of transdermal 
testosterone gel on bone turnover markers and bone mineral density 
in hypogonadal men. Clin Endocrinol (Oxf). 2001;54(6):739-750.

30. Zacharin MR, Pua J, Kanumakala S. Bone mineral density out
comes following long-term treatment with subcutaneous testoster
one pellet implants in male hypogonadism. Clin Endocrinol (Oxf). 
2003;58(6):691-695.

31. Behre HM, Kliesch S, Leifke E, Link TM, Nieschlag E. Long-term 
effect of testosterone therapy on bone mineral density in hypo
gonadal men. J Clin Endocrinol Metab. 1997;82(8):2386-2390.

32. Canale D, Vignali E, Golia F, Martino E, Pinchera A, Marcocci C. 
Effects of hormonal replacement treatment on bone mineral density 

and metabolism in hypogonadal patients. Mol Cell Endocrinol. 
2000;161(1-2):47-51.

33. Choi HR, Lim SK, Lee MS. Site-specific effect of testosterone on 
bone mineral density in male hypogonadism. J Korean Med Sci. 
1995;10(6):431-435.

34. Guo C-Y, Jones TH, Eastell R. Treatment of isolated hypogonado
tropic hypogonadism effect on bone mineral density and bone turn
over. J Clin Endocrinol Metab. 1997;82(2):658-665.

35. Katznelson L, Finkelstein JS, Schoenfeld DA, Rosenthal DI, 
Anderson EJ, Klibanski A. Increase in bone density and lean 
body mass during testosterone administration in men with ac
quired hypogonadism. J Clin Endocrinol Metab. 1996;81(12): 
4358-4365.

36. Leifke E, Korner HC, Link TM, Behre HM, Peters PE, Nieschlag E. 
Effects of testosterone replacement therapy on cortical and trabecu
lar bone mineral density, vertebral body area and paraspinal muscle 
area in hypogonadal men. Eur J Endocrinol. 1998;138(1):51-58.

37. Lubushitzky R, Front D, Iosilevsky G, et al. Quantitative bone 
SPECT in young males with delayed puberty and hypogonadism: 
implications for treatment of low bone mineral density. J Nucl 
Med. 1998;39(1):104-107.

38. Ozisik G, Mergen H, Ozata M, et al. Vitamin d-receptor gene poly
morphisms and vertebral bone density in men with idiopathic hypo
gonadotrophic hypogonadism. Med Sci Monit. 2001;7(2):233-237.

39. Snyder PJ, Peachey H, Berlin JA, et al. Effects of testosterone re
placement in hypogonadal men. J Clin Endocrinol Metab. 
2000;85(8):2670-2677.

40. Devogelaer JP, De Cooman S, Nagant de Deuxchaisnes C. Low 
bone mass in hypogonadal males. Effect of testosterone substitution 
therapy, a densitometric study. Maturitas. 1992;15(1):17-23.

41. Finkelstein JS, Klibanski A, Neer RM, et al. Increases in bone dens
ity during treatment of men with idiopathic hypogonadotropic 
hypogonadism. J Clin Endocrinol Metab. 1989;69(4):776-783.

42. Finkelstein JS, Klibanski A, Neer RM, et al. Osteoporosis in men 
with idiopathic hypogonadotropic hypogonadism. Ann Intern 
Med. 1987;106(3):354-361.

43. de Silva NL, Hyams E, Grant B, et al. Supplemental Table 4: 
Characteristics of included studies. Zenodo. doi:10.5281/zenodo. 
16413032. Date of deposit 24 July 2025.

44. de Silva NL, Hyams E, Grant B, et al. Supplemental Table 5: 
Quality assessment of all the observational studies. Zenodo. 
doi:10.5281/zenodo.16413104. Date of deposit 24 July 2025.

45. Khosla S, Monroe D. Regulation of bone metabolism by sex ste
roids. Cold Spring Harb Perspect Med. 2018;8(1):a031211.

46. Elhakeem A, Frysz M, Tilling K, Tobias JH, Lawlor DA. 
Association between age at puberty and bone accrual from 10 to 
25 years of age. JAMA Netw Open. 2019;2(8):e198918.

47. Dwyer AA, Tiemensma J, Quinton R, Pitteloud N, Morin D. 
Adherence to treatment in men with hypogonadotrophic hypo
gonadism. Clin Endocrinol (Oxf). 2017;86(3):377-383.

48. Schubert M, Minnemann T, Hübler D, et al. Intramuscular testos
terone undecanoate: pharmacokinetic aspects of a novel testoster
one formulation during long-term treatment of men with 
hypogonadism. J Clin Endocrinol Metab. 2004;89(11):5429-5434.

49. Pepe A, Ferlin A, Gianesello L, Facciolli A, Agoulnik AI, Foresta C. 
INSL3 plays a role in the balance between bone formation and re
sorption. Ann N Y Acad Sci. 2009;1160(1):219-220.

50. Young J, Xu C, Papadakis GE, et al. Clinical management of congeni
tal hypogonadotropic hypogonadism. Endocr Rev. 2019;40(2): 
669-710.

51. Finkelstein JS, Lee H, Leder BZ, et al. Gonadal steroid-dependent 
effects on bone turnover and bone mineral density in men. J Clin 
Invest. 2016;126(3):1114-1125.

52. Sun L Peng Y, Sharrow AC, et al. FSH directly regulates bone mass. 
Cell. 2006;125(2):247-260.

53. Kendler D, Bauer DC, Davison KS, et al. Vertebral fractures: clinical im
portance and management. Am J Med. 2016;129(2):221.e1-221.e10.

290                                                                                              The Journal of Clinical Endocrinology & Metabolism, 2026, Vol. 111, No. 1
D

ow
nloaded from

 https://academ
ic.oup.com

/jcem
/article/111/1/280/8270757 by Im

perial C
ollege of Science Technology and M

edicine user on 15 January 2026

https://doi.org/10.5281/zenodo.16413032
https://doi.org/10.5281/zenodo.16413032
https://doi.org/10.5281/zenodo.16413104

	Incomplete Evidence of Bone Density Normalization Following Long-Term Reproductive Hormone Treatment in Men With Hypogonadotropic Hypogonadism
	Materials and Methods
	Search Strategy and Study Selection
	Data Extraction
	Quality Assessment
	Data Analysis

	Results
	Quality of Evidence
	Bone Mineral Density in Men With Hypogonadotropic Hypogonadism Compared With Normative Population Data
	Lumbar spine
	Femoral neck

	Comparing Bone Mineral Density in Men with Hypogonadotropic Hypogonadism Compared With Healthy Eugonadal Men
	Comparing Bone Mineral Density in Men With Hypogonadotropic Hypogonadism Compared With Men With Primary Hypogonadism
	Bone Mineral Density Changes in Men With Hypogonadotropic Hypogonadism With Reproductive Hormone Treatment
	Factors Associated With Bone Mineral Density in Men with Hypogonadotropic Hypogonadism
	Fracture Outcomes in Men with Hypogonadotropic Hypogonadism

	Discussion
	Conclusion

	Funding
	Disclosures
	Data Availability
	References




