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AN ABSTRACT OF THE THESIS OF 

Maya Barake for Master of Sciences  

      Major: Health Research (SHARP) 

 

Title: Effects of Growth Hormone Therapy on Bone in Adults with Osteopenia or 

Osteoporosis and Without Growth Hormone Deficiency: A Systematic Review and 

Meta-Analysis 

 

Background: Osteoporosis is a metabolic bone disease that constitutes both a significant 

personal burden as well as a major public health concern.  Several alternatives are 

available to treat this disease through decrease in bone resorption. However, options are 

much more limited with regards to anabolic agents. Growth hormone (GH) is a peptide 

hormone normally produced by the pituitary gland. Studies have shown that GH plays an 

important role in bone metabolism. In adults, growth hormone deficiency (GHD) has 

been associated with low bone density and increased fracture risk, an effect that is 

counteracted by growth hormone replacement. Whether GH treatment can result in a 

similar benefit in adults with age-related bone loss, who presumably have age-related 

decline in GH, is unanswered. 

 

Objectives: The objectives of this systematic review and meta-analysis are: (1) Examine 

the effect of growth hormone therapy on bone densitometric endpoints, bone turnover 

markers and fracture risk in adults with osteopenia or osteoporosis and no organic growth 

hormone deficiency; (2) Evaluate the safety of growth hormone therapy in this 

population of interest. 

 

Search methodology: A systematic search of the existing literature was conducted using 

Medline, Embase and the Cochrane Register of Controlled Trials, without any time, 

language or study size restriction; the search was updated in November 2015. A manual 

search of the references of both original articles collected and pertinent review articles on 

the topic was also conducted. 

 

Eligibility criteria: We included prospective controlled trials conducted in 

postmenopausal women and men above the age of 50 years, with age-related osteopenia 

or osteoporosis and without organic growth hormone deficiency, in whom treatment with 

GH was used as compared to placebo or a comparator for at least six months. 

 

Data collection and analysis: Included trials were reviewed and data was collected from 

them as preplanned by two independent reviewers. We assessed risk of bias in retained 

randomized trials using the Cochrane risk of bias tool in duplicate. For outcomes covered 

by at least 2 trials, we synthesized data by meta-analysis. We calculated the weighted 

mean difference (WMD) and 95% Confidence Interval (CI) for bone mineral density 

(BMD), bone mineral content (BMC), bone turnover markers levels reached with GH 

treatment as compared to a comparator; and the risk ratio and 95% CI to develop 

fractures and vertebral fractures. Analysis was done using RevMan version 5.3. We 

reviewed in all available studies mortality and reported adverse events. 
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Results: We included in this systematic review seven studies and one follow-up trial of 

an earlier study. Outcomes of interest were covered as follows: 3 trials reported BMD 

by dual x-ray absorptiometry (DXA), 2 BMC by DXA, 2 BMC by single-photon 

absorptiometry (SPA), 5 bone turnover markers and 4 reported fractures. Included 

studies only involved women, which were characterized by severe osteoporosis and 

were treated with variable GH dosing regimens given along with other osteoporosis 

therapies for a time period extending between 6 to 24 months.  

 

No significant difference was obtained through treatment with GH as compared to 

control in BMD at the lumbar spine (WMD -0.01 [-0.04, 0.02]), the total hip (WMD 0 [-

0.05, 0.06]) and the femoral neck (WMD 0 [-0.03, 0.04]).  

Similarly, we found no significant difference with GH therapy versus control in BMC at 

the lumbar spine (WMD -0.71 [-1.63, 0.22]) and the femoral neck (WMD -0.06 [-0.28, 

0.16]). We also found no difference for BMC measured by SPA at the forearm (WMD -

0.06 [-0.23, 0.10]). 

 

The effect of GH therapy on 4 bone turnover markers was combined separately in meta-

analysis. We obtained a significant increase in the bone formation marker procollagen 

type-I carboxy-terminal propeptide (PICP) with GH therapy as compared to control 

(WMD 14.03 [2.68, 25.38]). As for the effect on osteocalcin, another formation marker, 

and on the bone resorption markers total urinary pyridinolines and carboxy-terminal 

collagen crosslinks (CTX), a non-significant trend to favor GH versus control was 

observed. 

 

We obtained a significant decrease in the risk of fractures with GH treatment as 

compared to control (RR=0.63 [0.46, 0.87]) with no significant change in the occurrence 

of vertebral fractures specifically.  

 

Adverse events reported during growth hormone therapy included the well-recognized 

side effects of GH related to fluid retention, such as peripheral edema, musculoskeletal 

pain and carpal tunnel syndrome. They were usually transient and reversible, often 

relieved by decreasing the treatment dose. No mortality was reported during the study 

period in included studies. In the trial with 10-year follow-up no significant difference in 

mortality was obtained with GH when compared to a control population. 

 

Conclusion: Growth hormone therapy may not be effective in improving bone density 

in women with age-related bone loss. It may, however, decrease fracture risk, without 

major adverse events. There is a need to further explore these findings along with the 

impact of GH on bone quality in randomized controlled trials using GH therapy for 

extended periods in both men and women with age-related bone loss. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Osteoporosis 

1.1.1. Definition and disease burden 

Osteoporosis is a skeletal disorder characterized by compromised bone strength 

leading to increased risk of fractures. Osteoporosis is diagnosed by the presence of 

fragility fractures and/or low bone mineral density (BMD) measured by dual-energy x-

ray absorptiometry (DXA) scans (1,2). DXA measures both bone mineral content 

(BMC) and bone area, and calculates from them areal BMD. According to the World 

Health Organization (WHO), osteoporosis is diagnosed in postmenopausal women and 

men aged more than 50 when the BMD measured by DXA is equal to or more than 2.5 

standard deviations (SDs) below the BMD of a young adult reference population. When 

the BMD is between 1 and 2.5 SDs below the reference, the condition is termed 

osteopenia (3). The presence of low bone mineral density is associated with increased 

fracture risk (4). The prevalence of the disease increases with age, namely secondary to 

the decline in bone-protective sex hormones and constitutes both a significant personal 

burden as well as a major public health concern.  After the age of 50, one in three 

women and one in five men are projected to develop an osteoporosis-related fracture 

(1,5,6,7).  

 

1.1.2 Available therapies 

In adults, bone is constantly being remodeled. Bone remodeling consists of two 

phases: bone resorption (where mature bone tissue is removed from the skeleton) and 
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bone formation (where bone is being rebuilt). Both bone formation and bone resorption 

are normally tightly coupled so that bone mass does not change. Osteoporosis occurs 

when resorption exceeds formation. 

A number of therapeutic agents have been approved for the treatment of 

osteoporosis and the prevention of fractures. Current FDA-approved pharmacologic 

therapies include anti-resorptive medications that work by reducing bone resorption, 

including bisphosphonates, denosumab, calcitonin, estrogen and selective estrogen 

receptor modulators and one anabolic agent, teriparatide that result in increased bone 

formation (8). While available drugs have been successful in reducing fracture risk by 

20 to 70%, depending on the selected site and the medication used, however, a larger 

number of fractures are still not prevented due to limitation in the efficacy of the current 

therapies (9). Bisphosphonates, which form the mainstay of therapy, have a prolonged 

tissue half-life in bone and a potential for side effects (10). And while several 

alternatives are available to decrease bone resorption, options are much more limited 

with regards to bone formation. There is thus a need for new therapeutic options for the 

treatment of osteoporosis (9). 

 

1.2 Growth hormone physiology 

Growth hormone (GH) is a peptide hormone produced by the anterior pituitary. 

It is secreted in a pulsatile fashion, with the majority of daily secretion occurring during 

slow wave sleep (11). Growth hormone release is stimulated by growth hormone 

releasing hormone (GHRH) produced by the hypothalamus and by ghrelin formed 

mainly in the gastrointestinal tract (stomach), and inhibited by centrally produced 

somatostatin (12). Growth hormone is available in the circulation partially bound to two 
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different GH binding proteins (GHBPs), one of which being homologous to the 

extracellular portion of the GH receptor (GHR) (13,14). The latter is down regulated by 

abdominal obesity (15).  

Growth hormone works directly by binding to GHRs available in various 

peripheral tissues. It also acts indirectly through production of insulin-like growth factor 

1 (IGF-1) in the liver and paracrine IGF-1 secretion in several tissues, including bone. 

IGF-1 circulates bound to IGF-binding proteins (IGFBPs), IGFBP-3 being the principal 

binding protein. Serum levels of IGF-1 are maintained relatively stable throughout the 

day in the circulation. They are thus often used as a reliable marker of overall GH action 

(16). IGF-1 is also locally produced in various tissues where it exerts paracrine and 

autocrine actions (17). Gonadal steroids have an important influence on IGF-1 

secretion. Studies done in healthy volunteers show that for the same IGF-1 level, 24-

hour GH profiles are approximately three times higher in women then in men (18). Oral 

estrogen administration attenuates IGF-1 production through hepatic effects (19). An 

inverse relation has also been observed between adiposity and circulating IGF-1 (20). 

Growth hormone secretion is maintained throughout life. Circulating levels 

decrease, however, with aging. GH release is increased 2-3 times during puberty. Levels 

decrease thereafter with increasing age, with a parallel decrease in IGF-1 levels 

(21,22,23). The age-related decline in GH release is associated with increased 

somatostatin levels and is, at least, partially related to a decrease in hypothalamic 

GHRH production (24).  
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1.3 Growth hormone and bone 

Growth hormone exerts a direct effect on skeletal muscle and bone. It also 

affects bone indirectly through systemic IGF-1 (produced in the liver) and locally 

produced IGF-1 in osteoblasts (12, 25). Both GH and IGF-1 receptors are expressed in 

bone where they can mediate GH action (26). 

 

1.3.1 In-vitro studies 

In-vitro, GH addition to cultured bone cells increases activation and 

differentiation of osteoblasts, cells that are responsible for bone formation (27, 28). 

Similarly, IGF-1 promotes osteoblastogenesis and reduces osteoblast apoptosis (29). 

Addition of GH to cultured chondrocytes or cartilage cells has a direct stimulatory 

effect on their synthesis at the pre-chondrocyte stage. IGF-1 similarly stimulates 

chondrocytes, albeit at a later stage of maturation (30). Growth hormone and IGF-1 are 

thus potentially anabolic to bone, both independently and synergistically. The effect of 

IGF-1 on osteoblasts is increased in the presence of GH and IGFBP-3. IGF-1 alone is 

unable to substitute for GH action (31).  

GH also exerts a stimulatory effect on bone resorption. It promotes production 

of pro-inflammatory cytokines, such as Tumor necrosis factor alpha (TNF-), 

Interleukin 6 (IL-6) and Interleukin 1 beta (IL-1 beta) that incite formation of 

osteoclasts, cells responsible of bone resorption (32, 33). In-vitro, IGF-1 similarly 

promotes bone resorption through induction of the ligand of the receptor activator of 

nuclear factor κB (RANK-L) synthesis (34).  
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1.3.2 Animal studies 

The anabolic action of GH on bone was demonstrated many years ago in dogs, 

wherein the administration of GH resulted in increased skeletal mass (35). In mice, 

knockout of the GH receptor resulted in decreased bone turnover, reduced cortical bone 

and preserved trabecular bone. IGF-1 treatment in these animals almost completely 

restored their bone structure (36). Similarly, deletion of liver-specific IGF-1 resulted in 

decreased cortical bone (37). While these studies illustrated the role of systemic IGF-1 

in maintaining cortical bone integrity in mice, targeted knockout of local IGF-1 receptor 

in osteoblasts led to decreased trabecular bone, indicating a critical paracrine role of 

IGF-1 in the preservation of cancellous bone in mice (38). In-vivo studies in mice also 

illustrate the importance of both GH and IGF-1 in skeletal growth. Mouth mutants 

lacking both GHR and IGF-1 show more severe growth retardation as compared to mice 

with either deficiency alone (39). 

 

1.3.3 Humans: Growth hormone deficiency and bone 

In humans, the role of GH in bone physiology is illustrated in patients with 

growth hormone deficiency (GHD). In children and adolescents, GHD results in short 

stature and decreased BMD (40). In adulthood, after the attainment of final height, GHD 

is similarly associated with low BMD, along with a decrease in serum and urinary 

markers of bone turnover (41). The consequences of GHD may differ, however, 

depending on the time of onset of the deficiency. In a cohort of patients with childhood-

onset GHD, total body and lumbar spine BMC and BMD were lower, as compared to a 

group of patients with adult-onset GHD, matched for age, gender, body mass index 

(BMI) and number of anterior pituitary hormone deficiencies (42). Bone loss is also 
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correlated to the severity of GHD, with lower BMD observed in patients with more 

severe deficiency in GH, defined based on the diagnostic GHRH/Arginine test for GHD 

(43). The presence of concurrent central hypogonadism with GHD similarly influences 

bone integrity, whereby patients with untreated hypogonadism have lower BMD than 

those who are eugonadal (44). Gender has also been discussed as a factor impacting the 

effect of GHD on bone in adults. When compared to healthy controls, men with GHD 

had lower BMC and BMD. Women, however, had similar bone densities to their non-

GHD controls (45).  

Along with the drop in bone content and bone density, the risk of fractures 

appears to be increased in GHD patients. When compared to a non-GHD control 

population, adults with GHD had threefold increased fracture prevalence, as assessed by 

retrospective questionnaires (46). In a large-scale epidemiological survey, using a 

radiological approach, adult patients with GHD were similarly found to have higher 

fracture frequency, independent of the presence of additional pituitary deficiencies (47). 

Using quantitative morphometric analysis, the frequency of vertebral fractures was also 

found to be significantly higher in GHD patients versus controls (63.6% versus 37.7%) 

(48). Although fractures occurred more frequently in untreated patients with GHD and 

low bone density, BMD was not sufficient to identify patients who fractured, as around 

one half of fractures occurred in individuals with normal BMD. An effect of GHD on 

bone quality, beyond the effect on bone content and density is thus hypothesized (48). 

More recently, in a 6-year prospective follow-up study of GHD patients, 30% 

experienced incident morphometric vertebral fractures, which was correlated with the 

decrease in lumbar spine BMD (49). 

 



7 
 

1.4 Therapeutic use of growth hormone 

Historically, GH was first derived from cadaveric pituitary glands and was 

indicated for the treatment of short stature in children with GHD. In 1985, cadaveric 

human GH was withdrawn due to its association with Creutzfeldt-Jakob disease. 

Thereafter, recombinant human growth hormone therapy (rhGH) was introduced and 

became more readily available for clinical use (16).  

 

1.4.1 Effects of growth hormone replacement on bone in GHD 

In children and adolescents with GHD, treatment with GH has been clearly 

correlated with restoration of linear growth, becoming a routine clinical practice for that 

indication (50,51). Along with the effect on linear growth, growth hormone replacement 

(GHR) also improved bone mass with subsequent increase in BMD and a fourfold 

decrease in fracture frequency as compared to untreated controls (40). The beneficial 

effect of GHR continues through the transition period to adulthood, wherein twenty-

four months of GH treatment is associated with a 3.5% increase in lumbar spine BMD 

as compared to untreated young controls (52). It is thus advised to retest for persistent 

GH deficiency after completion of linear growth, unless GHD is highly likely, based on 

the presence of multiple additional pituitary hormone deficiencies or genetic mutations 

causing GHD, and to continue replacement therapy through young adulthood if 

deficiency persists (51). 

The role of GHR in adults with growth hormone deficiency has been the subject 

of several studies. GHR is associated with increased bone turnover. Markers of bone 

formation, such as osteocalcin and bone-specific alkaline phosphatase and of bone 

resorption, including urinary pyridinolines and deoxypyridinolines increase with GH 
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treatment and become significantly different from placebo after 3 months of treatment 

(53). Increased bone turnover results in increased bone remodeling and subsequent 

expansion of the bone remodeling space. Bone remodeling is a continuous cycle of bone 

destruction and renewal, whereby individual bone units undergo bone resorption, 

followed by bone formation, which requires at least 6 months for completion. Since GH 

increases bone remodeling, bone measurements taken in the first few months of 

treatment would show decrease in BMC and BMD, illustrating bone with incomplete 

formation (54). Expectedly, in our previous meta-analysis on GH replacement in adults 

with GHD, BMC and BMD at the lumbar spine and BMD at the femoral neck, 

decreased with GHR in randomized studies extending up to one year. The initial drop in 

bone density is followed by a subsequent time-dependent gain in bone mass, whereby a 

significant increase in BMD at the lumbar spine and femoral neck is obtained in studies 

extending for more than 12 months, along with a non-significant increase in total femur 

BMD. The gain in BMD ranged between 1% and 7% at the spine and 0.6% and 4% at 

the femoral neck (55). The benefits of growth hormone therapy with regards to bone 

density are maintained with prolonged replacement therapy. In a 10-year prospective 

open label study, continuous treatment led to sustained increase in bone mass and 

density in hypopituitary adults (56). Similarly, in another prospective observational 

study conducted for 15 years, GHR induced a sustained increase in lumbar spine BMC 

and BMD by 9% and 5%, respectively. At the femur neck, a peak increase in BMC and 

BMD of 7% and 3%, respectively, occurred after 7 years. At 15 years, BMD returned to 

baseline, whereas BMC remained 5% higher than baseline (57). A comparable result 

was observed in an observational study conducted in the Netherlands for 15 years, in 

which case GHR resulted in a progressive increase in bone densitometric endpoints over 
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10 years, with stabilization thereafter (58). GH administration had a persistent effect on 

BMD, 18 months after withdrawal of initial replacement (59). 

A gender-dimorphic effect of GHR on BMD is possible, but remains unclear in 

the existing literature. Subgroup analysis in the meta-analysis of GHR in GHD reveals a 

higher response in BMD in men, as compared to women and results reached statistical 

significance in men only (55). Similarly, in an individual randomized trial on GHR in 

adults with GHD, men derived a clear benefit with regards to their bone density, 

whereas women replaced with GH showed no further benefit in their BMD, as 

compared to placebo (60). In the 10-year prospective study on GHR, women on 

estrogen replacement had a greater increase in BMD, when compared to women not on 

estrogen (56). Women also showed less increase in BMD, as compared to men, in the 

same cohort on longer follow-up for 15 years, despite a higher dose of GH therapy (57). 

Whereas a decrease in fracture risk is anticipated with increased BMD, studies 

addressing fracture end points with GHR are scarce so far and none are randomized 

controlled clinical trials (55). A cross-sectional analysis of vertebral fracture rates in 

GHD patients on GHR revealed a lower prevalence of vertebral deformities in treated 

adults as compared to those not treated (48). More recently, in a 6-year prospective 

study on incident vertebral fractures in adults with GHD, morphometric fractures 

occurred more frequently in patients with untreated GHD as compared to those who 

were treated. Fracture risk increased progressively throughout the 6-year follow-up and 

was counteracted at all time points by growth hormone treatment (49). Similarly, in a 

prospective observational uncontrolled cohort study with a mean follow-up of 4.6 years, 

annual fracture incidence rates were lower in patients on GHR, as compared to those 

who were not on treatment (hazard ratio [HR] 0.69, 95% CI 0.54-0.88), an effect size 
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comparable to that of established osteoporosis therapies. The difference in fracture risk, 

however, was not seen in the subgroup of patients with pre-existing osteoporosis 

(61,62).  

 

1.4.2 Effects of GH therapy on bone in non-GHD states 

Whether GH is able to increase BMD and improve bone quality in adults with 

osteoporosis without GHD remains an unanswered question. The rationale for such 

therapy is that GH secretion by the pituitary, often measured as IGF-1 level in the 

serum, normally declines with aging (21, 22, 23). When compared to women in pre-

menopause, postmenopausal women had significantly lower IGF-1 levels (63,64). The 

contribution of this age-related relative deficiency in GH/IGF-1 to postmenopausal 

osteoporosis has been the subject of several studies. In a cross-sectional study in women 

aged 70 and older, serum IGF-I was found to be an independent predictor of BMD at 

the femur (65). In another cross-sectional trial in postmenopausal women referred for 

osteoporosis screening, women with osteoporosis had lower IGF-1 levels. IGF-1 was 

also lower in patients with vertebral fractures, as compared to those without fractures. 

IGF-1 correlated positively with BMD, accounting for 8.5% of the variance at lumbar 

spine BMD and for 4.6% of variance at the femoral neck (66). Similar findings were 

also observed in men. In men with idiopathic osteoporosis, serum IGF-1 levels were 

significantly lower than healthy controls, with a positive correlation observed between 

plasma IGF-1 and bone density at the spine and the forearm (67). Similarly, in another 

study in Swedish men, IGF-1 correlated negatively with age, while BMD in total body, 

distal radius, and femoral neck was positively correlated with serum IGF-I (68). Other 

cross-sectional studies in both men and women with osteoporosis similarly reported 
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lower circulating levels of IGF-1 and/or IGFBPs, as compared to controls, which were 

positively correlated with BMD (69,70). Studies investigating a link between serum 

IGF-1 and osteoporotic fractures are more limited. In a prospective study in older men 

with mean age of 75, serum IGF-1 was inversely associated with risk of all fractures, 

hip fractures (HR per SD decrease = 1.45, 95% CI 1.07-1.97) and clinical vertebral 

fractures (HR per SD decrease = 1.40, 95% CI 1.10-1.78). The association between 

serum IGF-1 and fracture risk was partly mediated via BMD (71). In a prospective 

study in postmenopausal women, decreased IGF-1 was associated with increased risk of 

osteoporotic fractures, however independently of BMD (72). 

The role of GH treatment in adult patients with osteoporosis and without GHD 

has been evaluated in a number of studies with conflicting results. Available studies 

differed in the number of subjects enrolled, duration of follow-up and concomitant 

treatment with approved therapies for osteoporosis. In the randomized placebo-

controlled trial with the longest follow-up of 3 years, GH resulted in increased bone 

mineral content of 14% in women with postmenopausal osteoporosis as compared to 

controls (73). In another trial of similar design, GH therapy did not result in a 

significant change in BMD (74). Available literature is also not clear with regards to the 

effect of GH therapy on fracture incidence. A systematic review by Yang et al. 

addressed the effect of GH therapy on bone in 2012, however the included study 

population was limited to patients with hip fractures and the change in bone mineral 

content or bone mineral density was addressed as a secondary outcome (75). Another 

systematic review and meta-analysis studied the effect of GH in healthy elderly with a 

BMI less than 35 kg/m2, who were not specifically selected to have osteoporosis at 

study entry. The review addressed multiple outcomes, including BMD that was not 
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significantly changed with GH (76).  The true effect of GH therapy in patients with age-

related osteoporosis has thus not yet been established definitively. It is then important to 

conduct a systematic review and meta-analysis of available studies examining the 

effects of GH therapy in adults with age-related osteopenia or osteoporosis, with the 

aim to clarify the possible anabolic role of GH in the treatment of osteoporosis and its 

sequelae. 

This systematic review addresses prospective controlled studies evaluating the 

bone effects of GH therapy as compared to no GH therapy (placebo or conventional 

osteoporosis therapies) in adults with osteopenia or osteoporosis.  

 

1.5 Thesis Objectives 

(1) Examine the effect of growth hormone therapy on bone densitometric endpoints, 

bone turnover markers and fracture risk in adults with osteopenia or osteoporosis 

and no organic growth hormone deficiency. 

(2) Evaluate the safety of growth hormone therapy in the above-mentioned 

population of interest 

 

1.6 Thesis Hypothesis 

Growth hormone therapy maintains or improves bone mineral content and bone 

mineral density and reduces fracture risk in non-deficient adults with osteopenia or 

osteoporosis, without significant major adverse events. It is thus a potential anabolic 

therapy for the treatment of this condition.   
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CHAPTER 2 

DATA AND METHODS 

 

2.1 Protocol 

A protocol was developed for this systematic review describing pre-specified 

objectives, study population, outcomes of interest, search strategy and planned analysis 

but was not published. Few modifications were made after the writing of the initial 

protocol aiming at expanding the outcomes of interest, as will be detailed at a later 

stage. Both the protocol and the systematic review were written in accordance with the 

Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) 

statement. PRISMA is an evidence-based checklist of items that was developed to 

improve transparent reporting of systematic reviews and meta-analyses. It includes 27 

items addressing the preferred content of the title, abstract, introduction, methods, 

results, discussion and funding of protocols and actual systematic reviews and meta-

analyses (77) (Appendix 1).  

 

2.2 Data sources and search strategy 

We conducted a systematic search of the literature for controlled prospective and 

randomized studies on the effect of GH therapy in patients with osteoporosis or 

osteopenia. Our searches were both computerized and manual. The online search 

included the databases MEDLINE (1946 to present), EMBASE (1947 to present) and 

the Cochrane Register of Controlled Trials. No language or year of publication 

limitation was used. The search was initially conducted in March 2014, and was 

updated in November 2015. The search was performed using the keywords and MESH 
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terms relevant to the growth hormone intervention (growth hormone, human growth 

hormone, somatotropin, somatropin, somatotrophin and somatrophin) and to the study 

population of adults with age-related osteoporosis or osteopenia (osteoporosis, 

postmenopausal osteoporosis, osteopenia, bone density, bone loss, bone 

demineralization, bone fractures, broken bone and low bone mineral density or content) 

and the Boolean functions AND, OR. Relevant abbreviations for growth hormone (GH, 

hGH, h-GH, rhGH, r-hGH and rh-GH) and available commercial names for this therapy 

(Genotropin, Humatrope, Norditropin, Nutropin, Omnitrope, Saizen, Serostim, Tev-

tropin and Zorbtive) were also included in the search strategy. 

We also performed a manual search of the references of both original articles 

collected and pertinent review articles on the topic.  

The detailed search strategy is available as Appendix 2. 

 

2.3 Eligibility criteria 

2.3.1 Type of studies 

Inclusion criteria:  

- Prospective controlled studies, including randomized and non-randomized 

controlled trials, placebo-controlled and active comparator (osteoporosis 

therapy)-controlled trials 

- No restriction on date of publication, study language, publication status and 

study sample size   

Exclusion criteria: 

- Uncontrolled studies 

 



15 
 

2.3.2 Type of population 

Inclusion criteria: 

- Postmenopausal women and men above age 50 years 

- Presence of osteopenia or osteoporosis (defined as patients with a T-score on 

BMD equal to or less than -1 at any skeletal site, and/or as patients with history 

of fragility fracture) 

Exclusion criteria: 

- Patients with organic growth hormone deficiency (where the effect of GH 

therapy on bone has been studied) 

- Patients younger than 50 years (where the approach to osteoporosis is different 

and the rationale for treatment with GH does not apply as a relative age-related 

decrease in IGF-1 is considered a reason for the potential benefit from GH 

therapy) 

Studies including participants from all age groups were excluded when the mean 

patients’ age was less than 50 years 

- Patients with secondary causes of osteoporosis like end-stage renal disease, 

glucocorticoid excess (who have a different disease etiology as well as specific 

indications and modes of therapy) 

 

2.3.3 Type of intervention 

Inclusion criteria: 

- Treatment with human growth hormone or recombinant growth hormone 

- Daily or cyclic therapy 
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Exclusion criteria: 

- Studies where the length of treatment is less than 6 months (as there is no 

expected benefit from therapy with a short treatment interval, based on 

individual trials and meta-analysis on the effect of growth hormone replacement 

on BMD in patients with GHD (55) 

 

2.3.4 Type of outcome 

Inclusion criteria: 

- Studies reporting bone mineral content, bone mineral density, fractures or bone 

turnover markers 

- No restriction on the method used to measure BMC, BMD, bone markers and 

fractures 

- Studies reporting absolute values for the outcomes of interest after GH therapy 

Studies reporting percent change in the outcome were included, when the 

absolute value of the outcome could be calculated from the percent change and 

the baseline value 

When the outcome of interest was not available in text or was only presented 

graphically, the corresponding author was contacted, by email (initial email and 

2 reminders). When the missing data could not be obtained (no reply or 

unavailability of records), the absolute values were retrieved from the graph, 

when available. Otherwise, the study was excluded 
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2.4 Outcome measures 

The selection of outcome measures was done after searching the Core Outcome 

Measures in Effectiveness Trials (COMET) initiative, which includes core outcome 

measures that are suggested to be measured in clinical trials addressing a specific 

condition (78). In the case of osteoporosis trials, endpoints include true clinical health 

status outcomes, namely bone fractures and health status instruments; and intermediate 

outcomes, namely bone densitometry and biochemical markers (79).  

Our initial choice of outcomes included fractures and bone densitometric 

endpoints (measured by DXA), outcomes that are commonly used in osteoporosis trials. 

However, due to the small number of studies retrieved and to their heterogeneity, we 

decided to repeat the initial screen and include studies wherein bone densitometry was 

measured by older techniques (Single Photon Absorptiometry (SPA) and Double 

Photon Absorptiometry (DPA)) and studies including bone markers. The validity of 

using SPA in the measurement of bone density is illustrated in a study showing a tight 

correlation between SPA and DXA at the forearm site (r = 0.99), suggesting that the use 

of forearm SPA has a diagnostic value close to that of DXA (80,81). Based on this 

information, we used SPA forearm as an outcome measure. Significant correlations 

have also been identified between BMC and BMD obtained by DPA and DXA, though 

DXA had a better precision (82). Bone densitometric results obtained using DPA were 

thus also used as outcome measures. The advantage of using bone markers as an 

outcome is that they allow a frequent determination of bone metabolism and they are 

sensitive for acute changes in bone turnover (83). There are also studies indicating their 

predictive value in assessing fracture risk and their correlation with changes in bone 

density (79,84,85). However, they have the disadvantage of potential for variability in 
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results, as the collection method and time, the type of analytical method used and 

different patients’ characteristics affect the results obtained (83).  

The outcomes used can be summarized as follows: 

 

Primary outcome: 

- The mean difference in BMD using DXA after treatment with GH v/s 

comparator  

 

Secondary outcomes: 

- The mean difference in BMD using DPA after treatment with GH v/s 

comparator 

- The mean difference in BMC using DXA after treatment with GH v/s 

comparator  

- The mean difference in BMC at the distal forearm using SPA after treatment 

with GH v/s comparator  

             Fractures: 

- The risk ratio in incidence of fractures after treatment with GH v/s comparator 

            Bone Markers: 

- The mean difference in osteocalcin (OC) after treatment with GH v/s comparator 

(bone formation marker) 

- The mean difference in procollagen type I carboxy-terminal propeptide (PICP) 

after treatment with GH v/s comparator (bone formation marker) 

- The mean difference in C-terminal propeptide of type I collagen (CICP) after 

treatment with GH v/s comparator (bone formation marker) 
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- The mean difference in serum C-telopeptide cross-link of type I collagen (CTX) 

after treatment with GH v/s comparator (bone resorption marker) 

- The mean difference in total urinary pyridinolines after treatment with GH v/s 

comparator (bone resorption marker) 

            Adverse events: 

- The risk difference in incidence of adverse events and all-cause mortality 

between groups 

 

2.5 Study selection 

Two reviewers (MB and SG) independently screened the title and abstract of all 

retrieved records with our search strategy. Screening for eligibility was performed based 

on the inclusion and exclusion criteria detailed previously, with regards to study type, 

study population and intervention. Initial screening did not include the outcome 

measured with the aim to increase the sensitivity of the selection process. After the 

initial screening, we retrieved the full text of articles retained by at least one reviewer. 

Full texts were then screened independently and in duplicates by two reviewers (MB 

and NN), following a pre-specified full text screening form (Appendix 3). After 

screening, reviewers met and reviewed the retained articles. In cases of disagreement 

(texts included by one reviewer and excluded by another), one reviewer (MB) sought 

the advice of the thesis committee and the expert in the field (NT). Study selection was 

summarized using the PRISMA flow diagram. 
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2.6 Data collection process 

Two reviewers (MB and NN) independently and in duplicate extracted data from 

included articles using a pre-specified data collection form (Appendix 4). The form was 

developed initially and reviewed by the thesis committee and the expert advisor. The 

form was then pilot tested on one randomly selected included article for further 

refinement. Disagreement between reviewers was solved by discussion and, when not 

resolved, by contacting the thesis advisor and/or the topic expert. 

We contacted by email (initial email and 2 reminders) the corresponding authors 

of two studies that did not include absolute values for the outcomes of interest or who 

included outcomes only in graphs with no numerical values in their published 

manuscript (86, 74). We did not get any reply. Data were then extracted from the 

published graph. We also contacted by email the corresponding authors of three studies 

in the case of inconsistent data (small standard deviation, possible wrong units of 

measurement, large value for the outcome as compared to other studies) (87,74,73). 

Two of the contacted authors answered and corrected for us the results (standard error 

used instead of SD for BMD in the study by Holloway in 1997 and wrong units 

published in the study by Landin-Wilhelmsen in 2003 (kilograms instead of grams as 

unit for BMC and nanogram/liter instead of micrograms/liter for PICP)). Values were 

then corrected in the extracted data. We did not receive an answer regarding the high 

values of osteocalcin in the study by Saaf in 1999. The study was then excluded with 

regards to that specific outcome.  

To avoid double counting of publications reporting data on same patient 

population, we reviewed the authors and centers of all included studies, along with the 

selection criteria for each study population. Two included studies reported data on the 
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same patient population, at different time points (73,88).  The more recent publication 

(88) included fracture data while the earlier one (73) reported bone densitometry results, 

as well as bone markers. Each was then included with regards to its published outcome.  

Both studies were not included together for the same outcome. The presence of 

duplicate publications is thus highly unlikely. 

Included articles were all published in English and thus translation was not 

needed. 

 

2.7 Data items 

Information was extracted from each included trial, when available, on: 

- Study design 

- Characteristics of study participants including age, gender, BMI, years since 

menopause, number of subjects and number of subjects withdrawn 

- Characteristics of study participants with regards to their osteopenia or 

osteoporosis including years since diagnosis, prior therapies, concurrent 

treatment along with growth hormone such as calcium, vitamin D and others, 

history of fractures (including number and site) and baseline T-score 

- Type of intervention including dose/frequency of growth hormone and duration 

of treatment, IGF-1 levels and change in IGF-1  

- Type of outcome and method of measurement (BMC/BMD using SPA, DPA or 

DXA, bone markers with the measuring assay, fractures and adverse events) 

- Study funding source 
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2.8 Risk of bias in individual studies 

We assessed the risk of bias of the included randomized studies using the 

Cochrane Collaboration’s tool for assessing risk of bias in randomized trials (89). The 

tool is a checklist of six types of bias and seven domains. It addresses selection bias 

through evaluation of the random sequence generation (randomization method) and the 

allocation concealment, performance bias by looking at the blinding of study 

participants and personnel, detection bias through the blinding of the outcome 

assessment, attrition bias or incomplete outcome data, reporting bias (selective outcome 

reporting) and other sources of bias like lack of intention-to-treat analysis. The risk of 

bias for each item is presented as “low risk of bias”, “high risk of bias” or “unclear risk 

of bias” (89). In this systematic review, the risk of bias was assessed independently and 

in parallel by two reviewers (MB and NN). Results were compared and discussed after. 

In the event of disagreement, discussion was pursued with the study advisor. We 

assessed the risk of bias for the primary outcome i.e. the mean difference in BMD by 

DXA using GH or a comparator at different skeletal sites, by reviewing the reported 

items in included studies. In our review, other sources of bias included lack of intention-

to-treat analysis. To evaluate for selective outcome reporting, we searched for the 

availability of a published protocol for the study and compared the specified outcomes 

of interest in the methods section of each article to those actually retrieved and reported 

in the results. The results of the bias assessment were presented both in text and 

graphically.  

The risk of bias in the controlled observational study by Krantz et al was 

assessed using the risk of bias tool proposed by the Agency for Healthcare Research and 

Quality (90). 
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The risk of publication bias (resulting from the non publication of studies with 

negative results) was planned to be assessed by doing a funnel plot of the included 

studies addressing the primary outcome.  Due to the small number of trials (n = 3) 

addressing the primary outcome, the power of the test was considered low to distinguish 

chance from true asymmetry (89) and thus publication bias could not be assessed in this 

manner. 

Studies were not excluded from the review or analysis based on the risk of bias. 

 

2.9 Synthesis of results & methods of analysis 

2.9.1 Data handling 

Data were extracted from individual studies with regards to the selected outcome 

measures. For continuous outcomes, the mean and standard deviation after treatment 

were directly obtained from the published manuscript, if available.  Otherwise, they 

were derived using appropriate statistical formulas (89): 

- When the standard error was reported, the standard deviation was derived as: 

Standard deviation = Standard error * n    

(where n is the sample size of the group) 

- When the 95% confidence interval was reported, the standard deviation was 

derived as: 

Standard deviation = n * (upper limit – lower limit) / 3.92 

(where n is the sample size of the group) 

- When the range was available, the SD was estimated as one quarter of the range 

of values 
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- When the SD at the end of treatment was not available (91,92), it was assumed 

to be similar to the baseline SD, since it can be argued that the intervention itself 

does not alter the variability in the outcome measure 

BMC and BMD data were all reported using the same scale (g/cm2). Laboratory 

markers were sometimes reported using different units of measurement. In that event, 

they were appropriately converted, according to international conversion measures, to 

allow their combination in meta-analysis. 

For studies presenting outcomes at different time intervals, data were collected 

at the different time points but were combined in meta-analysis at the most distal 

controlled time point available. 

For trials that randomized participants to one of several intervention groups 

(studies with more than two arms), data handling was done as follows: 

- In the study by Holloway et al (87), participants were randomly assigned to four 

treatment groups: GH plus Calcitonin (CT), GH plus placebo, placebo plus CT 

and placebo plus placebo. Results were reported in the published manuscript for 

the four treatment groups. Each pair-wise comparison was included separately in 

our meta-analysis (GH plus placebo v/s placebo plus placebo as one pair and GH 

plus CT v/s placebo plus CT as another pair). This allowed including all 

treatment groups while respecting the inclusion criteria (GH as an intervention 

in one arm v/s placebo or osteoporosis therapy in the other arm) and without 

double counting.  

- In the study by Landin-Wilhelmsen et al (73), participants were randomized to 

one of two growth hormone intervention groups using different treatment doses 

or to a placebo control group. Due to the presence of a common control group, 
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the study outcomes (BMC, BMD, bone markers) for the two GH groups were 

pooled together 

Calculation of the pooled mean and the pooled standard deviation was done 

using the following formula: 

Pooled mean = (n1 m1+ n2 m2) / (n1 + n2) (93) 

Pooled standard deviation = [(n1-1) (Sd1)
2 + (n2-1) (Sd2)

2] / (n1 + n2 - 2) (formula 

used for independent, random samples) (94) 

Where n1 is the sample size of treatment group 1, n2 is the sample size of 

treatment group 2, m1 is the mean of treatment group 1, m2 is the mean of 

treatment group 2, sd1 is the standard deviation of treatment group 1 and sd2 is 

the standard deviation of treatment group 2 

 

2.9.2 Data synthesis 

Data retrieved for selected outcomes were summarized in text and tables. When 

at least 2 articles were available for an outcome, meta-analysis was used for data 

synthesis. Eligible results for meta-analysis were all in the form of continuous data, 

except for fracture risk. The effect summary size was then the weighted mean difference 

(WMD), presented with a 95% CI.  

For the primary outcome, we calculated the WMD and 95% CI in BMD 

obtained by DXA after intervention with GH or comparator at each skeletal site (lumbar 

spine, total femur and femoral neck). 

For the secondary outcomes, we retrieved the WMD and 95% CI in BMC by 

DXA after intervention at the lumbar spine and the femoral neck and in BMC by SPA at 

the distal forearm. We also calculated the WMD and 95% CI in each bone marker after 
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intervention (osteocalcin, PICP, CTX, CICP, total urinary pyridinolines). As for the 

fracture incidence, we obtained the risk ratio and 95% CI between compared groups. 

Outcomes were combined in meta-analysis using a random-effect model. This 

model is a conservative estimate of the overall effect size, whereby it assumes that 

combined studies have different effect sizes that follow a certain distribution. The 

pooled effect size in that case is the center of this distribution of study outcomes. 

Choice of this model over a fixed-effect model was made based on the included studies 

that presumably show a certain level of heterogeneity and within study variability. The 

fixed-effect model assumes a similar effect size in included studies and low variability 

in between, which is theoretically due to chance, and was thus considered less 

applicable in our case (89). 

Using the random-effect model, a weighted mean difference was obtained for 

each of the primary and secondary continuous outcomes, representing the summary 

effect. The weight is dependent on both the within study variability (equal to the inverse 

variance) and the between study variability (represented by Tau2). Our null hypothesis 

is that the mean difference is zero (no difference between the GH intervention and the 

comparator). A 95% CI, obtained with each WMD, was used to establish the statistical 

significance of the obtained results (89). For the dichotomous outcome of fracture 

incidence, a risk ratio was derived as the summary effect with a ratio of 1 representing 

no difference in risk of fracture between groups. 

Analysis was conducted using RevMan (version 5.3).  
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2.9.3 Assessment of heterogeneity 

Evaluation for heterogeneity or inconsistency among included studies was done 

using the chi-squared test (Chi2). In this test, a large test statistic or a low p value is a 

sign of heterogeneity i.e. it indicates that the difference between effect sizes in the 

different studies is not due to chance alone. Because of the presence of a small number 

of studies and a small sample size that potentially decrease the power of the test to 

detect heterogeneity, a p value < 0.1 was considered significant (89). 

Heterogeneity was quantified using I2. I2 is derived from the test statistic Q and 

the degree of freedom df of the chi-squared test and gives the percentage of variability 

in the effect size that is due to inconsistency rather than chance. 

                                           

Values of 30%, 50% and 75% were considered as indicative of moderate, substantial 

and considerable amount of heterogeneity, respectively (89).  

 

2.10 Additional analysis 

A pre-planned subgroup analysis was planned to evaluate the effect of gender on 

the observed primary outcome. However, we could not perform such analysis as 

retained studies only included women.  

Similarly, the effect of age, severity of osteoporosis, treatment duration and 

growth hormone dose on the main outcomes could not be analyzed using meta-

regression, as pre-planned, due to the small number of studies included. Meta-

regression is usually not advised when included studies are less than ten (89). 
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2.11 Assessment of the quality of evidence 

The quality of evidence was assessed for the primary outcome, the mean 

difference in BMD measured by DXA at different skeletal sites. Evaluation was carried 

using the Grading of Recommendations, Assessment, Development, and Evaluation 

(GRADE) methodology. This tool permits to assess the confidence in the obtained 

effect estimate through three steps. The initial step involves classification into an initial 

level of confidence based on the study design: randomized trials will lead to a high 

confidence while observational studies result in low confidence. The next step will lead 

to lowering or raising confidence based on the risk of bias (already conducted), the 

inconsistency (i.e. heterogeneity), indirectness and imprecision (i.e. wide confidence 

interval) of results. It also takes into account publication bias, effect size, presence of 

dose response and possible confounders. Based on this assessment, a final level of 

confidence is derived (high, moderate, low or very low) (95). 
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CHAPTER 3 

RESULTS 

 

3.1 Study selection 

A total of 7664 citations were identified through the online search of the 

databases Medline, Embase and the Cochrane Register of Controlled Trials. After 

duplicate removal, we retained 6025 citations. We did a title and abstract screen for 

these citations, which left us with 58 citations. Reasons for exclusion at this initial 

screen included abstracts of articles clearly alluding to the wrong study population, 

including children and adolescents, patients with growth hormone deficiency, patients 

with renal failure or secondary osteoporosis and healthy adults. It also included titles of 

animal studies, abstracts indicating a different intervention such as growth hormone 

releasing hormone and IGF-1 and review articles. We retrieved the full text articles for 

57 citations out of 58 for further screening. 1 article was excluded due to unavailability 

of a full text, despite exhaustive search by a specialized librarian. 49 articles were then 

excluded and we were left with 8 articles for inclusion, 1 of which being the follow-up 

of an earlier study with new outcomes. Reasons for exclusion after detailed review 

included: review and commentary articles (n=6), animal studies (n=4), trials whereby 

treatment is with IGF-1 or GHRH or where is no treatment (n=5), studies in 

premenopausal women or men less than 50 (n=4), trial in a population with short bowel 

syndrome (n=1), studies in GHD (n=2), studies in healthy elderly (n=3) or healthy 

adults (n=1), trials with a treatment period less than 6 months ranging between 7 days 

and 3 months (n=5), short-term treatment for fracture healing (n=8), trials that lacked 

any of our outcomes of interest (n=3) and uncontrolled trials (n=7). Among the 
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remaining 8 studies, 3 studies included data on BMD measured by DXA, 2 studies had 

BMC by DXA, 3 studies reported BMD or BMC by SPA, 1 study utilized DPA for 

bone densitometric endpoints, 5 articles published values of bone markers and 4 studies 

reported fractures (one having a 10 year follow up report) (figure 1).  

 

3.2 Study characteristics 

Five out of 8 included studies were randomized, placebo-controlled, with 4 

being double blind. Among the remaining 3 studies, 2 were randomized controlled and 

1 was controlled. Studies reporting BMD by DXA were all randomized, double blind, 

placebo-controlled. 

Baseline demographic and clinical characteristics of study participants are 

detailed in table 1. A total of 272 subjects were included in 7 studies, 22 of whom 

withdrew during follow-up. There were 210 subjects in studies reporting BMD, 180 of 

whom had BMD measured by DXA and 30 by DPA. There were 165 subjects in studies 

reporting BMC, including 103 checked by DXA and 62 by SPA. 219 participants were 

included in trials reporting data on bone markers and 135 were part of studies actively 

seeking fractures. 

The mean age of study participants ranged from 60.7 to 69.2 years and their 

mean body mass index (BMI) from 24.4 to 25.3 kg/m2. All included studies involved 

women. No study reporting on men was eligible for inclusion. 3 studies reported on 

duration since menopause. One of them (74) included women who were at least 5 years 

after menopause. The remaining two studies involved women who were at a mean of 

11.8 and 17.3 years from menopause, respectively (96,86). In 4 out of 7 studies, 

baseline IGF-1 levels were reported (86,87,74,73). In 3 trials, they were described as 
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being normal for age (86,74,73) and in one trial as being low for age (87). In all studies, 

a significant increase from baseline was observed with GH therapy, in parallel to the 

GH intake with a quick return to baseline levels with treatment cessation. The increase 

in IGF-1 was described as being within age standards in 3 studies (87, 74, 73). 

One trial was conducted in women with newly diagnosed osteopenia, defined as 

lumbar spine BMD less than 1 SD below the mean value for young women (WHO 

disease definition) (87). The remaining studies included participants with osteoporosis. 

The condition was defined based on the WHO criteria of BMD equal to or lower than 

2.5 SD of young adults in 1 study (73). In 5 studies, osteoporosis was defined by the 

presence of a vertebral fracture (clinically defined in one trial (86) and radiologically 

detected in the other 4 (74,91,92,96). When reported, the lumbar spine SD from the 

mean young reference population (T-score) ranged between - 2.7 and – 2.8. The 

presence of at least one vertebral fracture was an inclusion criteria in 5 out of 7 studies 

(86,74,91,92,96). In one study looking at fracture endpoints, 56% of women initially 

had an osteoporotic fracture (73). One trial did not have osteoporotic fractures at 

baseline (including patients with osteopenia) (87). In 2 studies where the duration of 

osteoporosis was reported, 1 trial was conducted in patients with newly diagnosed 

osteoporosis (96) and one study involved patients with a mean of 1.9 years since disease 

establishment (73). Four included studies reported on prior therapies before study 

initiation. In one study, patients were treatment naïve (96). In one trial, patients were 

maintained on calcium and a multivitamin before study initiation (74) while in two 

studies patients were on hormone replacement therapy (41 % in the trial by Holloway 

and 100% in the Landin-Wilhelmsen study).  
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Along with the growth hormone or placebo intervention, 6 studies out of 7 

maintained participants on calcium supplementation, with daily doses ranging between 

500 and 1200 mg (86,87,73,74,91,92). One study reported the use of vitamin D at a 

dose of 400 IU daily (73). Concurrent therapies for osteoporosis were utilized in study 

populations (in both the GH and the control group) in all included trials, except for one 

study (74). In the study by Erdstieck et al., patients were maintained on the 

bisphosphonate pamidronate at the treatment dose of 150 mg per day (86). Two studies 

had patients on hormone replacement therapy (41% of study subjects in the trial by 

Holloway et al. and all women in the Landin-Wilhemsen study) (87,73). In the 10-year 

follow up report on the Landin-Wilhelmsen initial study, 41% of participants were still 

on hormone replacement, while 23% started bisphosphonates and 3% teriparatide (88). 

Salmon calcitonin was used in 4 studies. It was used either in all study subjects (91,92) 

or in subgroups (87,96); in repeated cycles of 5 days (87), 21 days (96) or 3 months 

(92), or during the whole study period for three days weekly (91). There were a wide 

range of GH treatment regimens. The two most recent studies used regular daily dosing 

with GH over the whole study period (0.3 - 0.83 mg/d) (74,73). Two studies had 

patients on GH three times weekly over the study period (86,91). The remaining 3 

studies used cycles of 7 days or 2 months of GH (87,92,96). Two studies used weight-

based dosing regimens (86,87), while the rest used fixed dosing. Three studies had 

cycles with particularly high GH doses (2 – 4 mg/d) (91,92,96). With the exception of 

the 2 oldest studies that prescribed human growth hormone (91,92), all included trials 

used recombinant human GH. Treatment duration for controlled studies ranged between 

6 months and 24 months. One extension study examined fracture data after 10 years 

(88). 
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3.3 Risk of bias assessment 

Assessment of risk of bias is summarized in figure 2 and detailed in table 2. For 

the primary outcome BMD, measured at both the lumbar spine and the femoral neck, all 

studies were considered at an unclear risk for reporting bias (no protocol registration 

available). Selection bias from randomization was unclear in two trials (87,74) and low 

in one (73). In contrast, there was a low risk for selection bias from allocation 

concealment in the studies by Holloway and Landin-Wilhelmsen (87,73) and an unclear 

risk in the Saaf study (74). A high risk of performance bias was found due to unclear 

blinding of study personnel, except in the Landin-Wilhelmsen trial (low risk) (73). 

Detection bias was low in the three trials. A low risk of attrition bias was noted in the 

studies except for the one by Holloway (high risk) (87). Both studies by Holloway and 

Saaf (87,74) had different types of risks for different types of biases, however the study 

by Landin-Wilhelmsen was at low risk for all biases except for selective outcome 

reporting (unclear risk) (73). 

 

3.4 Results of individual studies and synthesis of results 

3.4.1 Effect of GH therapy v/s comparator on BMD measured by DXA 

3.4.1.1 Lumbar spine 

Three randomized placebo-controlled studies examined the effect of GH therapy 

on BMD at the lumbar spine (87,74,73). 

In the Holloway trial, using intention-to-treat analysis, GH cyclical treatment for 

24 months in women with osteopenia resulted in a significant increase in LS BMD from 

baseline in both the GH/Placebo group (1.72  0.74%, p<0.05) and the GH/CT group 

(2.70  0.81%, p<0.01) and a non-significant change in the placebo groups. Observed 
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changes were not significant at 12 months. At the end of therapy, there was a significant 

difference in the change in BMD from baseline between the GH/Placebo group and the 

Placebo/Placebo group. Results did not change when subtracting the non-adherent 

participants (22%) or when accounting for estrogen status.  Significant changes form 

baseline observed at the end of randomization no longer achieved significance after one 

year of stopping GH (87). 

In the Landin-Wilhelmsen trial, no significant change from baseline and no 

significant difference was observed between groups treated with placebo, low dose GH 

(0.33mg/d) or high dose GH (0.83 mg/d) on a daily basis, along with hormone 

replacement therapy, started on average 4 years before study initiation with a range 

between 1 to 25 years. An increase from baseline in BMD became significant in all 

study groups at 3 years of therapy (controlled non-randomized phase), even in the 

placebo group; however with no significant difference between GH and placebo groups. 

Change from baseline was maintained significant after 1 and 2 years of study 

termination and GH cessation (73).  

In the Saaf study, continuous daily therapy with GH (mean dose 0.5 mg/d) over 

one year did not result in any significant change in LS BMD and at the end of the trial 

BMD results were comparable to those achieved with placebo. Maintenance of GH 

therapy for an additional year resulted in a significant increase of 6.0  2.2% from 

baseline (74).  

The results of the three studies were combined in meta-analysis, with the 

Holloway study including 2 pair-wise comparisons (GH plus placebo v/s placebo plus 

placebo as one pair and GH plus CT v/s placebo plus CT as another pair), each included 

separately in result synthesis. A total of 93 women were prescribed GH for a duration 
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ranging between 12 months and 24 months and compared to 71 women on placebo. A 

non-significant difference was observed between the two treatment groups (WMD = - 

0.01, 95% CI [-0.04, 0.02], P = 0.55). There was no heterogeneity among included 

studies (Chi2= 2.25, df = 3, P = 0.52, I2 = 0) (figure 6). 

 

3.4.1.2 Total hip 

The effect of GH therapy on BMD at the total hip was only studied in one 

included trial (87). In this trial, GH was given in two subgroups, one alone and one 

concurrent with calcitonin, each treatment subgroup compared to a placebo group with 

or without calcitonin. No significant difference was observed in total hip BMD between 

the groups treated with GH alone or placebo, with a mean difference of 0.03 favoring 

placebo and a 95% confidence interval [-0.10, 0.05] at the end of the study. Similarly, a 

non-significant mean difference favoring GH of 0.03, 95% CI [-0.04, 0.10] was 

observed between subgroups treated with GH and calcitonin as compared to placebo 

and calcitonin. When examining change from baseline, both the GH/Placebo group and 

the Placebo/CT group showed a significant increase of 1.26  0.60% and 1.27  0.53%, 

respectively. 

Combining the two subgroups in meta-analysis resulted similarly in a non-

significant difference in BMD after treatment with GH or placebo (WMD = 0, 95% CI 

[-0.05, 0.06], P = 0.92). There was no evidence of heterogeneity between the two 

subgroups (Chi2= 1.14, df = 1, P = 0.29, I2 = 12) (figure 7). 
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3.4.1.3 Femoral neck 

Three randomized placebo-controlled studies examined the effect of GH therapy 

on BMD at the femoral neck (87,74,73). 

In the Holloway trial where the femoral neck BMD was a secondary outcome, 

no significant difference was observed at the end of the study between the two pair-wise 

comparison groups (87). 

In the Landin-Wilhelmsen trial, no significant change from baseline and no 

significant difference were observed between GH treatment groups and placebo, given 

along with sex steroid replacement therapy for 18 months. The high dose GH group 

reached statistically significant increase from baseline at 1 and 2 years from stopping 

GH, however these changes were not significant when compared to placebo (73). 

In the Saaf study, daily therapy with GH (mean dose 0.5 mg/d) over one year led 

to a significant decrease in FN BMD (3.4  1.6%), as compared to baseline. This drop 

was regained when therapy was continued in an uncontrolled manner for an additional 

year (74). 

The results of the three studies were again combined in meta-analysis, with the 

Holloway study included as 2 pair-wise comparisons, resulting in 4 included 

comparisons. One comparison included treatment with calcitonin along with GH and 

placebo (87), and another included sex steroid replacement therapy (73). 

A total of 87 women were prescribed GH for a duration ranging between 12 

months and 24 months and compared to 64 women on placebo. A non-significant 

difference was observed between the two treatment groups (WMD = 0, 95% CI [-0.03, 

0.04], P = 0.77). There was no evidence of heterogeneity among included studies (Chi2= 

1.09, df = 3, P = 0.78, I2 = 0) (figure 8). 
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3.4.2 Effect of GH therapy v/s comparator on BMD measured by DPA  

Dual-photon absorptiometry was only used in the measurement of BMD in one 

included study (96). 

In a 24 months trial, 30 patients with osteoporosis and vertebral fractures were 

randomized into one of 3 treatment groups of cyclic GH (7 days), calcitonin (21 days) 

and rest (61 days) or cyclic placebo/calcitonin/rest or cyclic GH/placebo/rest. At the end 

of the trial, no significant difference in BMD was found between the 3 groups at the 

three studied sites (lumbar spine, femoral shaft and distal radius). When evaluating the 

change from baseline in individual groups, an increase in lumbar spine BMD was 

observed in the combined GH/calcitonin group as compared to a significant decrease in 

the 2 other groups, a significant decrease in femoral shaft BMD was noted in the GH 

groups as compared to no change in the calcitonin only group, and no change was 

observed in all groups at the distal radius (96). 

 

3.4.3. Effect of GH therapy v/s comparator on BMC measured by DXA 

3.4.3.1 Lumbar spine 

Two randomized placebo-controlled trials examined the effect of GH on BMC 

measured by DXA (86,73).  

In the study by Erdtsieck, 23 patients were randomized to GH versus placebo, 

along with the bisphosphonate pamidronate given to both groups. At the end of the 

treatment period of 6 months, a significant increase from baseline in BMC was 

observed in the placebo/pamidronate group that was statistically different from the 

GH/pamidronate group (no increase) (86). 
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In the study by Landin-Wilhelmsen, a significant increase from baseline in BMC 

was observed in placebo and GH treatment groups after 18 months of controlled 

therapy, with concomitant hormone replacement. The increase from baseline remained 

significant after 3 years of uncontrolled GH therapy, and even at 1 and 2 years from 

stopping GH. Only at 1 year from GH cessation, the BMC in the high dose GH group 

(14% increased from baseline) became significantly different from the placebo group 

(73). 

Results in BMC after controlled therapy with GH versus placebo were combined 

in meta-analysis. A total of 65 women were prescribed GH for a duration of 6 months to 

18 months and compared to 36 women on placebo. A non-significant difference was 

observed between the two treatment groups (WMD = - 0.71, 95% CI [-1.63, 0.22], P = 

0.13). There was no evidence of heterogeneity among included studies (Chi2= 0.63, df = 

1, P = 0.43, I2 = 0) (figure 9). 

 

3.4.3.2 Femoral neck 

The same two studies reported on BMC at the femoral neck.  

No significant change was observed with GH therapy versus placebo in femoral 

neck BMC in the Erdtsieck study (86). 

In the Landin-Wilhelmsen trial, at 18 months of randomization, no significant 

difference in BMC was observed between study groups. Only the high dose GH group 

had a significant increase form baseline. A similar increase from baseline was observed 

at 3 years of therapy (partly uncontrolled) in both GH groups but not with placebo. This 

change from baseline remained significant after 1 and 2 years of stopping GH. At 1 year 
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of GH withdrawal, the BMC was statistically different between the two doses of GH 

favoring the high dose of 0.83 (73). 

Results in femoral neck BMC after controlled therapy with GH versus placebo 

were combined in meta-analysis. A non-significant difference was observed between 

the two treatment groups (WMD = - 0.06, 95% CI [-0.28, 0.16], P = 0.58). There was 

substantial heterogeneity among included studies (Chi2= 2.19, df = 1, P = 0.14, I2 = 

54%) (figure 10). 

 

3.4.4 Effect of GH therapy v/s comparator on BMC measured by SPA at the distal 

forearm 

The effect of GH therapy on BMC at the distal forearm, measured by SPA, was 

addressed by one randomized controlled trial (86) and 2 controlled studies (91,92). 

In the study by Erdtsieck et al, a significant increase from baseline in BMC was 

observed in the placebo/pamidronate group (n = 11) but not in the GH/pamidronate 

group (n = 10), and no significant difference was found between groups after 6 months 

of randomization (86).  

In the Aloia 1985 trial, 24 months treatment with alternating days of GH and 

calcitonin administered for women with osteoporosis and vertebral fractures (n = 13) 

resulted in a significant drop in BMC of 2.91% per year, as compared to a minimal 

change of 0.05% per year in the calcitonin only group (n = 12). BMC values at the distal 

forearm at the end of the treatment were significantly different between groups (91).  

In the second trial by the same group (92), 24 months therapy with cycles of 

daily GH for 2 months followed by daily calcitonin for 3 months and then 3 months rest 

also given for women with vertebral fractures (n = 7) did not result in a significant 
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change in forearm BMC, as compared to cycles of rest and calcitonin without GH (n = 

7), with 0.05% and -0.05% change per year, respectively (92). 

Results from the two Aloia trials were combined in meta-analysis, resulting in 

20 patients treated with GH compared to 19 patients receiving calcitonin. No significant 

difference was observed in BMC between the 2 groups (WMD = - 0.06, 95% CI [-0.23, 

0.10], P = 0.44). There was considerable heterogeneity among included studies (Chi2= 

4.41, df = 1, P = 0.04, I2 = 77%) (figure 11). The study by Erdtsieck et al could not be 

incorporated in meta-analysis, due to the BMC unit used that could not be converted 

(unit/cm). 

The effect of GH therapy on bone densitometric endpoints is summarized in 

table 3. 

 

3.4.5 Effect of GH therapy v/s comparator on bone biomarkers 

The effect of GH therapy on bone turnover biomarkers was studied in 5 included 

publications, where markers were secondary outcomes (86,96,87,74,73). Different bone 

formation markers and bone resorption markers were reported in different studies (table 

4). The effect of therapy on 4 markers could be combined in meta-analysis (table 5). 

The influence of GH or a comparator on osteocalcin, a bone formation marker, 

was evaluated in the 5 studies, 4 of which could be combined for data synthesis. One 

study had outlier values (74). After contacting the concerned author and in the absence 

of a reply, the study was not included in meta-analysis. A total of 107 people received 

GH and 86 received a comparator. A non-significant difference was found between 

groups at the end of the study periods (figure 12). The effect of GH therapy on another 

bone formation marker, PICP, was the subject of 4 randomized, double blind placebo-
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controlled trials, with 103 women on GH and 82 on a comparator therapy (86,87,74,73). 

We found a significant difference in PICP at the end of the study period, favoring GH as 

compared to placebo (WMD = 14.03, 95% CI 2.68, 25.38], P = 0.02) (figure 13). 

As for bone resorption markers, the influence of therapy on total urinary 

pyridinolines was the subject of one trial with 2 pair-wise comparisons with a total of 32 

subjects in GH and 40 on placebo (with or without calcitonin) (87). A trend to favor GH 

was observed but the difference in the results was non-significant (P = 0.06) (figure 14). 

Similarly, the effect on another resorption marker, CTX, was studied in the Holloway 

trial (87). Again a non-significant trend to favor GH was obtained (P = 0.09) (figure 

15). 

 

3.4.6 Effect of GH therapy v/s comparator on fracture risk 

Fracture incidence during the study period or during later follow-up was 

reported in 4 studies and one follow-up trial (91,92,74,73,88). Three of the studies 

included women with prior history of vertebral fractures (91,92,74), while in the 

Landin-Wilhelmsen trial, 56% of study patients had a vertebral fracture (73). Fractures 

were detected in included studies either by symptoms that were confirmed 

radiographically, or by screening for silent vertebral fractures through spine X-Rays. A 

vertebral fracture was defined as a vertebral body height loss of > 15% anterior, middle 

or posterior in the study by Saaf et al (74), a drop > 20% in vertebral height in the study 

by Landin-Wilhelmsen et al and its 10-year follow-up report (73,88) and as a reduction 

in anterior vertebral body height of > 25% in the two reported trials by Aloia (91,92). In 

the study by Saaf et al, 3 symptomatic fractures (1 patellar and 2 vertebral) were 

detected in the GH group during the two-years treatment period (one year randomized 
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and one controlled) and 7 new or worsened vertebral fractures were found on spinal 

imaging (74). In the early trial by Aloia et al, evaluation of spine X-rays at the study end 

revealed further compression or new vertebral fracture in 5 patients in the combined 

GH/CT group and 6 in the placebo/CT group. The number of new vertebral fractures 

was equal in both groups (91). In the second study by Aloia, one further compression of 

a fracture was detected after 2 years of cyclic therapy with GH/CT, while patients on 

cyclic GH/Placebo sustained one new vertebral fracture and had further compression in 

two old fractures (92). In the study by Landin-Wilhelmsen et al, no fractures were 

observed during 3 years of GH therapy (73). In the recently published follow-up report, 

7 years after stopping GH, the number of fractures in 80 women (initially recruited) 

dropped from 56% at baseline to 28% (P = 0.0003), with no significant difference 

between the 3 study groups (placebo, high dose and low dose GH) (88). The most 

common fracture site was at the radius, followed by the femoral neck, upper arm and 

then vertebrae, ribs and ankle. During the 10 years follow-up, 41% stopped hormone 

replacement therapy, 23% started bisphosphonates and 3% teriparatide (88). In parallel, 

in a random population sample of postmenopausal women (control group), a four-fold 

increase in the prevalence of fractures was observed, from 8% at baseline to 32% after 

10 years (P = 0.0008). The most common fracture site was at the radius, followed by the 

ankle, the ribs, the upper arm, the vertebrae and finally the femoral neck. In this group, 

the use of hormone replacement therapy had declined throughout the follow-up period 

from 40% to 8%, while the use of bone-specific agents increased from 0% to 4% (88). 

There was no significant difference in the fracture incidence between the group initially 

treated by GH and the control group after 10 years of follow-up, even when ankle 

fractures were excluded (88). 
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Studies reporting the incidence of fractures after GH treatment as compared to a 

control group were combined in meta-analysis. We combined and compared in separate 

meta-analysis, the incidence of all fractures and of vertebral fractures at the end of the 

trial period and at the latest follow-up. The 2 time periods are similar for the Aloia trials 

and the study by Saaf et al, however for the Landin-Wilhelmsen trial, we have the initial 

3-years reported results and the 10-years follow-up report by Krantz et al. A statistically 

significant 37% drop in the risk of all fractures was observed with GH treatment as 

compared to control at the latest follow-up period (RR = 0.63, 95% CI [0.46, 0.87], P = 

0.004). There was no heterogeneity among included studies (Chi2= 0.58, df = 2, P = 

0.75, I2 = 0%) (figure 16). No significant difference in all fracture risk was observed at 

the end of the original trial periods. Similarly, no significant difference was obtained in 

the occurrence of vertebral fractures both at the end of the initial trials and after 

including long-term follow-up (table 6). 

 

3.4.7 Adverse events and mortality 

Adverse events reported during growth hormone therapy include well-

recognized side effects of GH related to fluid retention. They involve peripheral edema, 

musculoskeletal pain and carpal tunnel syndrome. They were reported in 6 out of 7 

included studies (91,96,86,87,74,73) (table 7). One study reported no adverse events 

(92). The frequency and severity of events was poorly reported in the majority of 

included studies. When described, symptoms related to fluid retention were usually 

transient and mostly relieved by decreasing the GH dose. They were also reversible at 

the end of the treatment period (91,96,74). In the study by Holloway et al, a pre-planned 

strategy was adopted to relieve the expected side effects of fluid retention. It involved 



44 
 

using oral furosemide 20-40 mg once or twice weekly, and when not sufficient, it 

allowed a 50% reduction in GH dose. Change in dose was needed in less than 5% of the 

study population (87). 4 studies reported on treatment withdrawal due to adverse events. 

They were mainly related to fluid retention. The reported withdrawal rates were 1/23 in 

Erdtsieck et al, 9/12 in Holloway et al, 3/16 in Saaf et al and 1/80 in Landin-

Wilhelmsen et al. (86,87,74,73).  In the study by Saaf et al, one patient withdrew due to 

retinal vein thrombosis and in the Landin-Wilhelmsen trial, one patient revoked due to 

ichtyosis (74,73). In 5 out of 7 studies, changes in glucose metabolism were actively 

examined in the study population. No significant changes were reported on GH therapy 

(91,86,96,74,73). 

No mortality was reported during the study period in included studies; however, 

most studies were of short duration. In the 10-year follow-up on the Landin-Wilhelmsen 

trial, 6/80 women (8%) died (3 in the placebo group, 2 in low dose GH group and 1 in 

the high dose group). No death could be directly attributed to GH itself. Causes of death 

included stroke, myocardial infarction, respiratory insufficiency, pulmonary and kidney 

cancer. In parallel, 28/223 (12%) women of the control population (a random 

population sample of postmenopausal women followed for 10 years) died (88).  

 

3.5 Quality of evidence 

The quality of evidence was assessed using GRADE for the primary outcome 

and the main outcomes addressed in meta-analysis  (see table 8). 

For the main outcome, the quality of the evidence addressing the effect of GH 

on BMD was low. Although included trials were randomized controlled, and as such of 

high quality, the quality of the evidence was downgraded secondary to the serious risk 
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of bias present and to the imprecision of the summary effect size. Indeed, the confidence 

interval for the mean difference in BMD obtained between GH therapy and a control 

varied between -0.03 and 0.04. 

In studies addressing BMC, the quality of the evidence was moderate. It was 

only downgraded once secondary to the presence of heterogeneity among included 

studies. 

The quality of the evidence was very low for the fracture risk outcome. The 

evidence derived from randomized trials and one prospective controlled group was 

downgraded in this case secondary to significant risk of bias and imprecision in the 

result. The summary risk ratio was 0.63 favoring GH with a wide confidence interval 

spanning from 0.46 to 0.87. 

In studies combined for the bone formation marker PICP, the quality of evidence 

was low. It was downgraded secondary to serious risk of bias, serious heterogeneity in 

trials and the imprecision of the summary measure. 
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CHAPTER 4 

DISCUSSION 

 

4.1 Review and discussion of findings 

In the present systematic review and meta-analysis, we found that growth 

hormone therapy may not be effective in improving bone density in women with age-

related bone loss and without GHD. It may however decrease fracture risk. 

We retrieved a limited number of studies addressing our outcomes of interest. 

Included studies only involved women, were characterized by severe osteoporosis 

(baseline fractures in 5/7 studies), variable GH dosing (including daily and cyclic 

regimens) and concomitant osteoporosis therapies in all except one study. They 

involved active treatment between 6 and 24 months. Combining the results of 3 

randomized trials examining the effect of GH therapy on BMD at the lumbar spine and 

femoral neck, no significant difference was observed as compared to treatment with 

placebo with or without concomitant estrogen or calcitonin. A similar result was 

obtained for BMD at the total hip addressed in one trial. A non-significant change in 

BMC was also obtained when synthesizing results of 2 randomized trials comparing GH 

to placebo with concomitant pamidronate or estrogen. Two other trials addressed BMC 

at the forearm, yielding a similar negative result. Four trials examined the effect of GH 

therapy on fracture risk, one of which had a 10-years follow-up extension. A significant 

decrease in the risk of fracture was only observed when including in the result synthesis 

the long-term fracture risk results. A trend towards an increase in bone formation 

markers was observed when combining endpoints of 4 trials addressing this outcome. 

The trend reached statistical significance for the marker PICP. Bone resorption markers 
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were only addressed in one included trial with non-significant increase observed as 

compared to placebo with or without concomitant calcitonin. 

The absence of a significant change in BMC and BMD in included studies may 

be the result of the short duration of GH therapy, whereby trials reporting on BMD 

extended between 12 and 24 months and the two trials including BMC were of 6 and 18 

months duration. Growth hormone has been described to increase bone turnover and 

expand the bone remodeling space, a process that results in the first few months of 

therapy in a decrease or no change in BMC and BMD followed by a subsequent time-

related increase in bone densitometric endpoints. This is illustrated in the observed non-

significant increase in both bone formation and bone resorption markers in this review 

and in the literature, reflecting a state of increased bone turnover (53). In the study by 

Joseph et al., increase in the bone formation markers PINP and osteocalcin became 

higher than the increase in CTX (bone resorption marker) after 6 and 12 months of GH 

therapy, respectively (97). The effect of such changes in bone turnover with GH 

treatment are reflected in the results of our previous meta-analysis on GHR in GHD, 

whereby a significant increase in BMC and BMD is only observed after over one year 

of therapy (55). In the study by Saaf et al., no significant change in BMD was observed 

during the 12 months randomized phase of GH therapy versus placebo. It was only in 

patients who were maintained on a second additional year of GH that a significant 

increase from baseline was observed in lumbar spine BMD, along with a return to 

baseline after an initial drop in BMD at the femoral neck (74). Whether older patients 

treated with GH, such as our patient population, may require a longer duration of 

therapy to observe significant increases in bone mass remains unanswered but may be 

postulated. The reason being that remodeling efficiency presumably decreases with 
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aging, and as such, agents such as GH, that work through initiation of new remodeling 

spaces may require longer duration for observed efficacy (98,87). 

 The limited efficacy of GH therapy on bone observed in this review may be 

secondary to the fact that eligible studies included only women. A differential effect of 

growth hormone in men and women has been described in GHD. In our meta-analysis 

on GHR in GHD, in gender-related subgroup analysis, BMD results were only 

significant in men participating in randomized controlled trials and were consistently 

higher in men as compared to women (55). The reason being that women might require 

higher treatment doses than men, namely when on oral estrogen, because of an 

inhibitory effect of estrogen on GH-induced IGF-1 production (99).  In the two largest 

included trials, GH was administered concomitantly with estrogen replacement therapy, 

either in the whole study population or in 41% of participants (87,73). The need for a 

higher dose of GH in that case was not particularly addressed and might have affected 

observed results. In an uncontrolled trial in 29 men with idiopathic osteoporosis, 

intermittent or continuous treatment with GH over a period of 24 months resulted in 

increased BMC and BMD (100).   

 The majority of included studies in this review  (5/7) involved treatment with 

GH along with an anti-resorptive agent. The potential contribution of this additional 

therapy to GH effect on bone is unclear. It has been postulated that the use of an anti-

resorptive agent such as bisphosphonates may counteract the initial decrease in bone 

density observed with GH secondary to an increased bone turnover state. In a small trial 

including six patients with GHD, combination of GH with the bisphosphonate 

pamidronate resulted in increased BMC in the first six months of therapy, as compared 

to a drop in BMC in the GH-only group (101). In a randomized controlled trial in 18 
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GHD patients with osteoporosis on stable GH therapy, the addition of the 

bisphosphonate alendronate also led to an increase in BMD at 12 months of therapy, as 

compared to GH alone, an effect obtained presumably through a decrease in bone 

turnover markers (102). Whether this effect of concomitant GH and bisphosphonate 

therapy truly holds true is not clear. In the included trial by Erdtsieck et al, treatment 

with a combination of GH and pamidronate was less effective on BMC than therapy 

with the bisphosphonate alone. This was accompanied by a decrease in bone turnover 

markers in the pamidronate group, as compared to no or minimal change in the 

combination group (86). The addition of an anti-resorptive agent could therefore 

counteract the mechanism of action of GH through blunting of the expected increase in 

bone turnover. An analogy to treatment with GH and anti-resorptives can be made 

regarding the combination therapy of PTH, another anabolic agent with 

bisphosphonates. In a randomized trial in men with osteoporosis, BMD increased 

significantly more in patients treated with parathyroid hormone alone than in those 

treated with alendronate alone or with a combination of both, an effect that was 

potentially attributable to the attenuation of PTH-induced increase in bone formation 

markers (103). In contrast, the addition of another anti-resorptive agent, denosumab, to 

PTH increased BMD and improved bone microarchitecture more than either medication 

alone (104,105). However, whether this combination reduces the risk of fracture 

remains to be demonstrated. 

A concerning characteristic of included studies is the use of different doses and 

treatment regimens of GH. In two studies, GH was administered daily (74,73) and in the 

rest of the retained trials, GH was given either 3 times weekly or in cycles every 2-6 

months. The presence of such heterogeneity in therapy might have affected the observed 



50 
 

results. In our prior meta-analysis on GHR in GHD, no significant association was 

obtained between the treatment dose and the change in BMD. However, a positive 

association was observed with on-therapy IGF-1 level, a reflection of treatment effect 

(55). In all included studies in the present meta-analysis, a significant increase from 

baseline in serum IGF-1 level was observed with GH therapy, in parallel to GH 

administration with a quick return to baseline with treatment cessation. Whether these 

reversible changes in IGF-1 levels affected bone densitometric endpoints in trials where 

GH was administered cyclically is plausible. In two trials, GH was given for 1 week 

every 49-82 days and as such the change in IGF-1 was limited to this short treatment 

period (96,87).  

Despite a non-significant change in bone densitometric endpoints, the current 

meta-analysis showed a significant decrease in fracture risk with GH therapy as 

compared to a control treatment. This differential effect of GH on bone-related 

endpoints might reflect a beneficial effect on bone beyond the potential impact on bone 

density. In a prospective trial studying the link between osteoporotic fractures and IGF-

1 in postmenopausal women, decreased serum IGF-1 level predicted the risk of 

fractures independently of BMD, and as such IGF-1 was suggested to carry an 

important role in maintaining bone strength and bone quality. The mechanism of such 

an effect remains, however, unclearly defined (72). The differential effect of GH on 

fracture risk may also reflect differences in studies evaluating this outcome, as 

compared to trials including bone densitometric endpoints. An important distinguishing 

trial is the 10-year follow up study by Krantz et al reporting long-term fracture risk with 

GH (88). The inclusion of this study with prolonged duration might have potentially 

resulted in beneficial fracture outcomes, reflecting the need for extended follow-up to 
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observe clinically significant results in osteoporosis trials. This trial, however, has 

significant caveats; the actual randomized trial comparing GH to placebo extended for 

only 18 months (73). The actual Krantz study compared the initial GH treatment group 

to a control group of age-matched postmenopausal women. The two groups differed in 

their BMI, level of physical activity and their use of osteoporosis therapies. In the GH 

group, at the end of follow-up, 59% of women were on HRT, 23% were started on 

bisphosphonates and 3% were on teriparatide. Meanwhile, in the control group, at the 

end of the study, 8% were on estrogen and the use of other osteoporosis therapies 

reached 4% (88). The groups were thus not matched with regards to their disease status 

and therapy, which might have affected and interacted with any potential effect of GH 

treatment on bone. 

Any potential use of GH as a therapeutic agent has to take into account its 

potential safety. In the present systematic review, adverse events reported with GH were 

namely related to fluid retention, were often transient and reversible, and seldom 

resulted in treatment withdrawal. No mortality was reported in the included trials, 

except for the long-term follow-up study by Krantz et al. whereby a mortality rate of 8% 

was detected in patients initially treated with GH, without being directly attributable to 

treatment. The death rate was lower than that reported in the control population (12%) 

(88). The safety of GH replacement has been recently appraised by international 

professional societies involved with such treatment (106). In the consequent position 

paper, aggregate evidence did not support an association between GH therapy and all-

cause mortality and data for cancer risk was reassuring. The reviewed literature again 

recognized that the most common side effects related to GH were musculoskeletal 

symptoms associated with fluid retention, potential for exacerbation of obstructive sleep 
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apnea and increased risk of glucose intolerance and diabetes mellitus in individuals at 

increased risk (106). The safety of GH treatment in the absence of deficiency, however, 

cannot be equated to that of GH replacement. 

 

4.2 Limitations and strengths 

The current review has several limitations, arising from the nature of available 

primary data. The retrieved number of articles was small with only 7 studies being 

included, with the majority of the studies having a small sample size. Except for the 

studies by Holloway and Landin-Wilhelmsen that involved 84 and 80 patients 

respectively, the rest of the trials had a sample size ranging between 14 and 30. The 

representativeness of this review was also limited by the fact that it only included 

women. Indeed, retained articles did not involve men and as such, the effect of GH 

therapy on bone in this patient population could not be examined. Significant 

heterogeneity was also noted among included studies in terms of modes of GH therapy. 

GH was given either continuously or cyclically, in a fixed dosing regimen or using a 

weight-based calculation, in the form of human growth hormone or recombinant 

hormone. Such variability in GH administration could have potentially affected the 

obtained results, and limited any conclusive remarks about the ideal mode of GH 

treatment. In addition, the quality of several included trials could be classified as low 

which resulted in downgrading of the quality of included evidence. Finally, similarly to 

any meta-analysis addressing osteoporosis outcomes, the present review suffered from 

the potential of variability that could appear with the use of different assays to measure 

bone turnover markers in the different studies, along with a variability in the DXA 
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machines used to measure bone densitometry and the different definitions of 

osteoporotic fractures. 

However, this review and meta-analysis fills an important knowledge gap in GH 

therapeutics. It is the first systematic review that specifically addresses the effect of GH 

treatment on bone in postmenopausal women and men above the age of 50 with 

osteopenia and osteoporosis and without organic GH deficiency. Existing reviews 

addressed GH use in bone healing after fracture and effects of GH on multiple 

outcomes, including bone, in healthy elderly (not known to have osteoporosis at study 

entry). The literature search was extensive, including three important databases and 

relevant references. The review methodology was designed according to the evidence-

based PRISMA suggestions and 2 independent reviewers worked on different steps in 

the work. Selection and eligibility criteria were carefully chosen to limit the study to the 

population and intervention of interest and to overcome limitations of prior reviews on 

the topic. Moreover, the effect of GH on different outcomes addressing bone was 

studied, including true clinical endpoints such as fractures and surrogate outcomes 

including bone densitometry and bone turnover markers. Finally, the present review 

revealed the different studies available addressing the effect of GH on bone along with 

the quality of the available evidence and permitted as such to identify knowledge gaps 

in the topic and areas requiring future research. 

 

4.3 Conclusion and recommendations 

Growth hormone treatment, according to the available evidence, may not be 

effective in improving bone density in women with age-related bone loss. It may 

however decrease fracture risk, without significant adverse events. Whether this 
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conclusion holds true universally remains unanswered. Existing literature suffers indeed 

from significant caveats. There is as such a pressing need for designing randomized 

controlled trials addressing the effect of a stable extended treatment with recombinant 

GH therapy in men and women with age-related decline in bone density on both bone 

density and bone quality and on long-term fracture risk. 
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Figure 1. Flow diagram of study selection 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

No of records identified through 

database search: Medline, Embase, 

Cochrane Library 

7664 

Screening 

No of records after duplicates removal 

6025 

No of records screened 

6025 

No of records excluded 

5967 

Eligibility 

No of full texts articles assessed 

for eligibility  

57 

 

No of full texts articles excluded  

49 

-Review or commentary n=6 

-Animal studies n=4 

-Inadequate therapy n=5 

-Premenopausal women or 

men less < 50 n=4 

-Population with short bowel 

syndrome n=1 

-GHD n=2 

-Healthy adults n=4 

-Therapy < 6 m n=5 

-Short term therapy for 

fracture healing n=8 

-Uncontrolled trials n=7 

-Absence of outcome of 

interest n=3 

 

 

Identification 

Included 

No of studies included in qualitative & quantitative analysis  

8  

(1 being a follow-up report of an early study) 



56 
 

Figure 2: Risk of bias assessment across studies evaluating BMD 

 

 

A green color and (+) sign represent a low risk of bias; A yellow color and (?) sign represent an unclear risk of bias; 

A red color and a (-) sign represent a high risk of bias 
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Figure 3: Risk of bias assessment across studies evaluating BMC 

 

 

A green color and (+) sign represent a low risk of bias; A yellow color and (?) sign represent an unclear risk of bias; 

A red color and a (-) sign represent a high risk of bias.  
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Figure 4: Risk of bias assessment across studies evaluating PICP 

 

 

 

A green color and (+) sign represent a low risk of bias; A yellow color and (?) sign represent an unclear risk of bias; 

A red color and a (-) sign represent a high risk of bias.  
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Figure 5: Risk of bias assessment across studies evaluating fracture risk 

 

 

 

A green color and (+) sign represent a low risk of bias; A yellow color and (?) sign represent an unclear risk of bias; 

A red color and a (-) sign represent a high risk of bias.  
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Figure 6: Growth hormone effect versus control on BMD at the lumbar spine 

 

 

 

 

Figure 7: Growth hormone effect versus control on BMD at the total hip 

 

 

 

 

Figure 8: Growth hormone effect versus control on BMD at the femoral neck 
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Figure 9: Growth hormone effect versus control on BMC at the lumbar spine 

 

 

 

 

Figure 10: Growth hormone effect versus control on BMC at the femoral neck 

 

 

 

 

Figure 11: Growth hormone effect versus control on BMC at the forearm 
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Figure 12: Growth hormone effect versus control on osteocalcin 

 

 

 

Figure 13: Growth hormone effect versus control on PICP 

 

 

 

Figure 14: Growth hormone effect versus control on total urinary pyridinolines 

 

 

 

Figure 15. Growth hormone effect versus control on CTX 
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Figure 16: Growth hormone effect versus control on fracture risk 

 

 

 

 

Figure 17: Growth hormone effect versus control on vertebral fracture risk 
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Table 1: Characteristics of included studies 

  Participants    Osteoporosis/Osteopenia    Intervention  Outcome   

First 

author, 

year 

Stu

dy 

des

ign 

A

ge 

(y

rs) 

Yrs 

since 

meno

pause 

Gen

der 

(%

M/F

) 

BMI 

(kg/

m2) 

No. 

of 

subj

ects 

No. 

withd

rawn 

Yrs 

since 

diagn

osis 

Prior 

therapy 

Concur

rent 

therapy 

Numbe

r/site 

of 

fractur

es 

Diseas

e 

definit

ion 

Base

line 

T-

scor

e 

Approx

imate 

mean 

target 

GH 

dose 

[IU/d 

(mg/d)]

, 

regime

n 

Contr

ol 

Dura

tion 

of 

thera

py 

(m) 

Outco

me 

assess

ed 

Funding  

Conf

lict 

of 

inter

est 

Aloia 

et al, 

1985 

R,

C 

64

.3 

± 

7.

3 

NA 
0/10

0 

25.2 

± 

4.5 

25 0 NA NA 

Ca 

1000 

mg/d, 

CT 

100 

MRC 

U 4*/w 

All ≥ 1 

VFx 

(3.4 ± 

2.15) 

VFx 

(Loss 

of 

height 

>25%) 

NA 

hGH 

6/d 

(2/d), 

3*/w  

CT  24 

BMC 

FA 

(SPA), 

Fractu

res 

GH 

(National 

Pituitary 

Agency), 

CT 

(Armour 

Pharmace

uticals) 

_ 

Aloia 

et al, 

1987 

R,

C 

62

.4 

± 

6.

7 

NA 
0/10

0 
NA 14 0 NA NA 

Ca 

1000-

1200 

mg/d, 

CT 

100 

MRC 

U 

cyclic 

All ≥ 1 

VFx 

(3.05 ± 

1.85) 

VFx 

(Loss 

of 

height 

>25%) 

NA 

hGH 

7/d 

(2.3/d), 

cyclic 

(hGH 

2m, CT 

3m, 

rest 3m 

for 3 

cycles)  

CT 24 

BMC 

FA 

(SPA), 

Fractu

res 

GH 

(National 

Pituitary 

Agency), 

CT 

(Armour 

Pharmace

uticals) 

_ 

Erdtsie

ck et 

al, 

1995 

R, 

DB

, 

PC 

63

.1 

(5

5-

74

) 

17.2 

(5-30) 

0/10

0 

25.3 

(19-

32.5

) 

23 2 NA NA 

Ca 

elemen

tal 500 

mg/d 

(if 

dietary 

Ca < 

1000 

All ≥ 1 

VFx 

VFx 

(clinic

al 

assess

ment) 

NA 

rhGH 

0.0625/

kg, up 

to 4 

(0.02/k

g), 

3*/w 

Place

bo 
6 

BMC 

LS,FN 

(Lunar

), FA 

(SPA), 

Bone 

marker

s 

Eli Lilly 

(partly) 

Eli 

Lilly 

provi

ded 

the 

rhG

H 

and 



65 
 

mg/d), 

Pamidr

onate 

150 

mg/day 

finan

cial 

supp

ort 

Gonne

lli et 

al, 

1997 

R, 

PC 

61

.2 

± 

5.

6 

11.8 ± 

7.5 

0/10
0 

24.4 30 4 0 none 
CT 50 
IU/d 
cyclic 

All ≥ 1 

VFx 
VFx NA 

rhGH 

12/d 

(4/d), 

cyclic 

(rhGH 

7d, CT 

21d, 

rest 

61d for 

8 

cycles)  

Place

bo 
24 

BMD(
DPA), 
Bone 

marke
rs 

_ _ 

Hollo

way et 

al, 

1997 

R, 

DB

, 

PC 

69

.2 

± 

6.

6 

NA 
0/10

0 
NA 84 12 0 

estrogen 

41% 

Ca 500 

mg/d, 

HRT 

41%, ± 

CT 

100 

U/d 

0 

BMD 

LS T 

score 

< -1 

NA 

rhGH 

0.06/kg

/d (0.02 

mg/kg/

d), 

cyclic 

(rhGH 

7 d, CT 

5d, rest 

44d Ca 

for 12 

cycles)   

Place

bo 
24 

BMD 

LS, 

TF, 

FN 

(Holog

ic), 

Bone 

marker

s 

Medicatio

ns 

provided 

by 

suppliers 

_ 

Saaf et 

al, 

1999 

R, 

DB

, 

PC 

67

.8 

± 

4.

4 

(6

0-

74

) 

≥ 5 
0/10

0 

24.6 

± 

3.2 

(20.

2-

33.2

) 

16 4 NA Ca/MV 
Ca 500 

mg/d 

All ≥ 1 

VFx, 2 

hip Fx, 

1 

should

er Fx, 

7 wrist 

Fx 

BMD 

< 1 

g/cm2 

in 

ultradi

stal 

radius 

& 

presen

ce of 

1-4 

-2.8 

± 

0.72 

(TB) 

rhGH 

1.5 

(±0.3)/

d 

(0.5/d) 

Range 

0.9-

2.7/d 

(0.3-

0.9/d) 

Place

bo 
12 

BMD 

LS,FN 

(Lunar

), 

Bone 

marker

s, 

Fractu

res 

Swedish 

Medical 

Research 

Council + 

foundatio

ns 

_ 



66 
 

VFx 

(Loss 

of 

height 

>15%) 

Landin

-

Wilhel

msen 

et al, 

2003 

R, 

DB

, 

PC 

60

.7 

± 

5.

7  

NA 
0/10

0 
NA 80 0 

1.9 ± 

2.3 
HRT 

Ca 750 

mg/d, 

D 400 

U/d, 

HRT 

56% 

with 

VFx 

BMD 

LS T 

score 

< -2.5 

-2.7 

(LS) 

rhGH 

1/d 

(0.33/d

) or 

2.5/d 

(0.83/d

) 

Place

bo 
18 

BMD/

BMC 

LS,FN 

(Lunar

), 

Bone 

marker

s, 

Fractu

res 

Pharmaci

a Upjohn 

& 

Goteborg 

Universit

y 

_ 

Krantz 

et al, 

2015 

C 

71 

± 

6  

NA 
0/10

0 

24.6 

± 

3.2  

80 6 
11.9 

± 2.3 

HRT 

(41% 

stopped), 

Bisphosp

honates 

(23%), 

Teriparati

de (3%) 

Ca 750 

mg/d, 

D 400 

U/d, 

HRT 

56% 

with 

VFx 

BMD 

LS T 

score 

< -2.5 

-2.7 

(LS) 
NA 

Contr

ol 

Popul

ation 

NA 
Fractu

res 
_ _ 

R, Randomized; DB, Double-blind; PC, Placebo-controlled; C, Controlled; NA, Not available, M, Male; F, Female; BMI, Body mass index; Ca, Calcium; MV, Multivitamin; HRT, 

Hormone replacement therapy; CT, Calcitonin; MRC, Medical Research Council; VFx, Vertebral fracture; BMD, Bone mineral density; LS, Lumbar spine; FN, Femoral neck; TB, 

Total body; GH, Growth hormone; hGH, Human growth hormone; rhGH, Recombinant human growht hormone; D, day; W, week; M, month; BMC, Bone mineral content; FA, 

Forearm; SPA, Single-photon absorptiometry; LS; lumbar spine, FN, Femoral neck; DPA, Dual-photon absorptiometry; TF, Total femur. Data are shown as mean ± SD or mean 

(range) if not otherwise specified 

 



67 
 

Table 2: Risk of bias assessment across studies by outcome 

Studies evaluating BMD 

Author, Year 

Random sequence 

generation 

(Selection bias) 

Allocation 

concealment 

(Selection bias) 

Blinding of 

participants and 

personnel 

(Performance bias) 

Blinding of 

outcome 

assessment 

(Detection bias) 

Incomplete 

outcome data 

(Attrition 

bias) 

Selective 

outcome 

reporting 

(Reporting 

bias) 

Other sources 

of bias 

Summary 

Assessment 

Holloway et al, 

1997 

"Randomization 

performed by 

pharmacist" but no 

further details on 

randomization 

method                   

Unclear risk                                                                                                                                       

The pharmacist who 

did the 

randomization 

"selected a sealed 

envelope containing 

the study drug 

assignment for each 

participant"             

Low risk 

"Study drugs were 

administered from 

masked multidose 

vials" the participants 

were thus blinded to 

their treatment. 

However personnel 

not clearly blinded as 

doses of GH or CT 

were adjusted 

according to side 

effects                      

High risk 

Blinding of 

outcome 

assessment was 

not described. 

But outcome not 

affected by the 

assessor 

blinding                         

Low risk 

"Twelve 

women 

withdrew 

entirely from 

the study. Of 

these, 9 had 

been assigned 

to GH. Missing 

data for BMD 

at total femur 

and femoral 

neck"         

High risk 

No published 

protocol, 

outcomes 

included in 

methods section 

reported in 

results             

Unclear risk 

"No significant 

differences were 

observed 

between the 

baseline 

characteristics of 

the original 

study cohort and 

those who 

competed the 

protocol", 

"intention-to-

treat strategy"                    

Low risk 

High risk  

Saaf et al, 1999 

No description 

provided                

Unclear risk 

No description 

provided                

Unclear risk 

"Double blind 

schedule" but no 

further description. 

Personnel not clearly 

blinded as dose of 

GH adjusted 

throughout the trial 

based on adverse 

events                               

High risk 

Blinding of 

outcome 

assessment was 

not described. 

But outcome not 

affected by the 

assessor 

blinding                         

Low risk 

"Six patients in 

the 

placebo/GH 

group and six 

patients in the 

GH/GH group 

completed one 

year of GH 

therapy", 

number of 

withdrawals is 

the same 

between 

groups                             

Low risk  

No published 

protocol, 

outcomes 

included in 

methods section 

reported in 

results             

Unclear risk 

Use of intention-

to-treat analysis 

is not mentioned           

Unclear risk 

High risk  
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Landin-

Wilhelmsen et al, 

2003 

"The patients were 

randomized in 

blocks"                                        

Low risk 

"Computerized 

allocation to 

treatment groups"                        

Low risk 

"Neither the 

investigator nor the 

patients were aware 

of the type of 

treatment"             

Low risk 

"Data was 

analyzed by an 

external 

statistician"             

Low risk 

 “There were 

no drop-outs, 

and 

no code was 

broken before 

termination of 

the double-

blind 

phase”                       

Low risk 

No published 

protocol, 

outcomes 

included in 

methods section 

reported in 

results             

Unclear risk 

Use of intention-

to-treat analysis           

Low risk 

Unclear 

risk  

 

Studies evaluating BMC 

Erdtsieck et al, 

1995 

No description 

provided                

Unclear risk 

No description 

provided                

Unclear risk 

"Treatment was 

double blind, placebo 

vials were 

indistinguishable from 

rhHG vials"                     

Low risk 

Blinding of 

outcome 

assessment was 

not described. 

But outcome not 

affected by the 

assessor blinding                         

Low risk 

Withdrawal: 

1/12 patient in 

the control 

group and 1/11 

in the GH group              

Low risk 

No published 

protocol, 

outcomes 

included in 

methods section 

reported in 

results             

Unclear risk 

Unclear how 

patient 

withdrawal or 

missing data was 

handled                      

Unclear risk 

Unclear 

risk  

Landin-

Wilhelmsen et al, 

2003 

"The patients were 

randomized in 

blocks"                                        

Low risk 

"Computerized 

allocation to 

treatment groups"                        

Low risk 

"Neither the 

investigator nor the 

patients were aware of 

the type of treatment"             

Low risk 

"Data was 

analyzed by an 

external 

statistician"             

Low risk 

 “There were no 

drop-outs, and 

no code was 

broken before 

termination of 

the double-blind 

phase”                       

Low risk 

No published 

protocol, 

outcomes 

included in 

methods section 

reported in 

results             

Unclear risk 

Use of intention-

to-treat analysis           

Low risk 

Unclear 

risk  
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Studies evaluating PICP 

Erdtsieck et al, 

1995 

No description 

provided                

Unclear risk 

No description 

provided                

Unclear risk 

"Treatment was 

double blind, placebo 

vials were 

indistinguishable 

from rhHG vials"                     

Low risk 

Blinding of 

outcome 

assessment was 

not described. 

However the 

outcome bone 

marker is not 

affected by 

knowledge of 

the treatment 

assignment           

Low risk 

Withdrawal: 

1/12 patient in 

the control 

group and 1/11 

in the GH 

group              

Low risk 

No published 

protocol, 

outcomes 

included in 

methods section 

reported in 

results             

Unclear risk 

Unclear how 

patient 

withdrawal or 

missing data was 

handled                      

Unclear risk 

Unclear 

risk  

Saaf et al, 1999 

No description 

provided                

Unclear risk 

No description 

provided                

Unclear risk 

"Double blind 

schedule" but no 

further description. 

Personnel not clearly 

blinded as dose of 

GH adjusted 

throughout the trial 

based on adverse 

events                               

High risk 

Blinding of 

outcome 

assessment was 

not described. 

However the 

outcome bone 

marker is not 

affected by 

knowledge of 

the treatment 

assignment           

Low risk 

"Six patients in 

the placebo/GH 

group and six 

patients in the 

GH/GH group 

completed one 

year of GH 

therapy", 

number of 

withdrawals is 

the same 

between groups                             

Low risk  

No published 

protocol, 

Outcomes 

included in 

methods section 

reported in 

results             

Unclear risk 

Use of intention-

to-treat analysis 

is not mentioned           

Unclear risk 

High risk  
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Holloway et al, 

1997 

"Randomization 

performed by 

pharmacist" but no 

further details on 

randomization 

method                   

Unclear risk                                                                                                                                       

The pharmacist who 

did the 

randomization 

"selected a sealed 

envolope containing 

the study drug 

assignment for each 

participant"             

Low risk 

"Study drugs were 

administered from 

masked multidose 

vials" the participants 

were thus blinded to 

their treatment. 

However personnel 

not clearly blinded as 

doses of GH or CT 

were adjusted 

according to side 

effects                      

High risk 

Blinding of 

outcome 

assessment was 

not described. 

However the 

outcome bone 

marker is not 

affected by 

knowledge of 

the treatment 

assignment           

Low risk 

"Twelve 

women 

withdrew 

entirely from 

the study. Of 

these, 9 had 

been assigned 

to GH"                         

High risk 

No published 

protocol, 

outcomes 

included in 

methods section 

reported in 

results             

Unclear risk 

"No significant 

differences were 

observed 

between the 

baseline 

characteristics of 

the original 

study cohort and 

those who 

competed the 

protocol", 

"intention-to-

treat strategy"           

Low risk 

High risk  

Landin-

Wilhelmsen et al, 

2003 

"The patients were 

randomized in 

blocks"                                        

Low risk 

"Computerized 

allocation to 

treatment groups"                        

Low risk 

"Neither the 

investigator nor the 

patients were aware 

of the type of 

treatment"             

Low risk 

"Data was 

analyzed by an 

external 

statistician"                         

Low risk 

 “There were 

no drop-outs, 

and 

no code was 

broken before 

termination of 

the double-

blind 

phase”                       

Low risk 

No published 

protocol, 

outcomes 

included in 

methods section 

reported in 

results             

Unclear risk 

Use of intention-

to-treat analysis           

Low risk 

Unclear 

risk  
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Studies evaluating fracture risk 

Aloia et al, 1985 
No description 

provided                

Unclear risk 

No description 

provided                

Unclear risk 

It was not mentioned 
that blinding was 

done, study 
described only as 

randomized                              
Unclear risk 

Blinding of 

outcome 

assessment was 

not described. 

Fractures 

evaluated by X-

rays and are 

thus not affected 

by the 

knowledge of 

the treatment 

assignment                       

Low risk 

No withdrawal 
from the trial                   

Low risk 

No published 

protocol, 

fractures not 

mentioned as an 

outcome             

Unclear risk 

Study 

population same 

throughout the 

trial                          

Low risk 

Unclear 

risk  

Aloia et al, 1987 
No description 

provided                

Unclear risk 

No description 

provided                

Unclear risk 

It was not mentioned 
that blinding was 

done, study 
described only as 

randomized                              
Unclear risk 

Blinding of 

outcome 

assessment was 

not described. 

Fractures 

evaluated by X-

rays and are 

thus not affected 

by the 

knowledge of 

the treatment 

assignment                       

Low risk 

No withdrawal 
from the trial                   

Low risk 

No published 

protocol, 

fractures not 

mentioned as an 

outcome             

Unclear risk 

Study 

population same 

throughout the 

trial                          

Low risk 

Unclear 

risk  
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Saaf et al, 1999 

No description 

provided                

Unclear risk 

No description 

provided                

Unclear risk 

"Double blind 

schedule" but no 

further description. 

Personnel not clearly 

blinded as dose of 

GH adjusted 

throughout the trial 

based on adverse 

events                               

High risk 

Blinding of 

outcome 

assessment was 

not described. 

Fractures 

evaluated by X-

rays and are 

thus not affected 

by the 

knowledge of 

the treatment 

assignment                       

Low risk 

"Six patients in 

the placebo/GH 

group and six 

patients in the 

GH/GH group 

completed one 

year of GH 

therapy", 

number of 

withdrawals is 

the same 

between groups                             

Low risk  

No published 

protocol, 

fractures not 

mentioned as an 

outcome             

Unclear risk 

Use of intention-

to-treat analysis 

is not mentioned           

Unclear risk 

Unclear 

risk  

Evaluation of risk of bias in the controlled observational study by Krantz 

"Do inclusion/exclusion 

criteria vary across 

groups?" 

"Does the strategy for 

recruiting participants 

vary across groups?" 

"Is the selection of the 

comparison group 

inappropriate, after taking 

into account 

feasibility and ethical 

considerations?" 

"Does the study fail 

to account for 

important variations 

in the execution of 

the study 

from the proposed 

protocol?" 

"Was the outcome 

assessor not 

blinded to the 

intervention or 

exposure status of 

participants?" 

"Were valid and 

reliable measures, 

implemented 

consistently across 

all study 

participants…?" 

"Was the length of 

follow-up 

different across 

study groups?" 
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Yes, differs "Intervention 

group selected specifically 

patients with osteoporosis, 

control group included 

postmenopausal women" 

Yes, differs               "The 

intervention group was 

selected among patients 

actively coming for 

screening, while the 

control group was 

selected from the city 

census" 

Yes, inappropriate "The 

control population did not 

have comparable initial 

characteristics as the 

intervention group" 

Cannot determine         

"no protocol 

available" 

No, blinded 

"Neither the 

investigator nor the 

patients were 

aware of 

the type of 

treatment" 

Yes, valid and 

reliable measure 

used "All outcome 

measured were 

clearly decribed 

along with their 

precision, 

accuracy…" 

Yes, different 

"Women with 

exposure 

followed for 10 

yrs, the controls 

for a mean of 12 

yrs" 

 

"In cases of high loss 

to follow-up (or 

differential loss to 

follow-up), was the 

impact 

assessed ?" 

"Are any important 

primary outcomes 

missing from the 

results?" 

"Are any important harms or adverse 

events that may be a consequence of the 

intervention/exposure missing from the 

results?" 

"Are results believable 

taking study limitations into 

consideration?" 

"Any attempt to balance 

the allocation between 

the groups or match 

groups?" 

"Were important 

confounding variables 

not taken into account in 

the design and/or 

analysis?" 
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No, impact not 

assessed "7.5% died in 

exposure grp and 38% 

lost in control grp" 

No important 

outcomes missing 

"BMD, fractures, 

adverse events 

reported 

No adverse events missing                                        

"adverse events reported for the GH 

group" 

No, not believable    

"different inclusion criteria, 

length of follow-up, no 

matching" 

 

No matching was done      

"A random control grp 

was selected from the 

populaiton" 

Yes, many potential 

confounders were not 

accounted for, like 

intial disease status, 

HRT tx, presence of 

fractures 
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Table 3: Summary of meta-analysis results for BMD and BMC 

Outcome 
Studies 

Included 

Sample 

Size 
GH/Control 

WMD  
(95% CI) 

Test of null                 
Z value (p-value) 

Test of 

heterogeneity  
Chi2 (p-value) 

Inconsistency 
I2  

BMD LS  

Holloway 

1997  

Saaf 1999  

Landin-

Wilhelmsen 

2003 

93/71 

-0.01  

(-0.04; 

0.02) 

0.60 (0.55) 2.25 (0.52) 0% 

BMD TF 
Holloway 

1997  
26/33 

0  

(-0.05; 

0.06) 

0.10 (0.92) 1.14 (0.29) 12% 

BMD FN 

Holloway 

1997 Saaf 

1999  

Landin-

Wilhelmsen 

2003 

87/64 

0.00  

(-0.03; 

0.04) 

0.30 (0.77) 1.09 (0.78) 0% 

BMC LS 

Erdtsieck 

1995 Landin-

Wilhelmsen 

2003 

65/36 

-0.71  

(-1.63; 

0.22) 

1.50 (0.13) 0.63 (0.43) 0% 

BMC FN 

Erdtsieck 

1995 Landin-

Wilhelmsen 

2003 

65/36 

-0.06  

(-0.28; 

0.16) 

0.56 (0.58) 2.19 (0.14) 54% 

BMC 

Distal FA 

(SPA) 

Aloia 1985 

Aloia 1987 
20/19 

-0.06  

(-0.23; 

0.10) 

0.77 (0.44) 4.41 (0.04) 77% 

GH, Growth Hormone; WMD, Weighted Mean Difference; CI, Confidence Interval; Z value, Test statistic of the WMD; Chi2, 

Chi-squared test of heterogeneity; BMD, Bone Mineral Density; LS, Lumbar Spine; TF, Total Femur; FN, Femoral Neck; BMC, 

Bone Mineral Content; FA, Forearm; SPA, Single Photon Absorptiometry 
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Table 4: Detailed description of changes in bone markers in individual studies 

  
Studies 

Included 

Study 

Design 

Number of 

Participants 
Assay Treatment Regimen 

Treatment 

Duration 

(months) 

Results 

              

Change 

from 

baseline 

Comparison 

between 

groups 

Temporal change  

Bone Marker                   

Bone Formation 

Markers 
                  

Osteocalcin (μg/L) 
Erdtsieck et 

al 1995 

R, DB, 

PC 
21 RIA 

GH (3x/weekly)/ 

Pamidronate v/s 

Pl/Pamidronate  

6 

Significant 

decrease 

from 

baseline in 

Pl group 

Significant 

difference 

favoring GH 

at end of 

therapy 

Significant decrease 

in Pl and significant 

difference from GH 

as of 3m, 

maintained till 12 m 

(uncontrolled phase) 

  
Gonnelli et al 

1997 
R, PC 30 RIA 

GH(7d)/CT(21d)/Rest(61d)  

v/s Pl/CT/Rest v/s 

GH/Pl/Rest 

24 

No 

significant 

change 

No significant 

difference  

Significant increase 

from baseline in GH 

groups and 

significant 

difference between 

GH groups & Pl/CT 

at week 1 of 

therapy, significant 

difference 

maintained at 1 

month 

  
Holloway et 

al 1997 

R, DB, 

PC 
72 RIA 

Cycles of 7d GH or Pl, 5d 

CT or Pl, 44d rest 
24 

Significant 

increase 

from 

baseline in 

GH 

groups 

No significant 

difference 

Significant increase 

as of week 1 of 

therapy 
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Saaf et al 

 1999 

R, DB, 

PC 
12 IRMA GH daily v/s Pl 12 

Significant 

increase 

(88 ± 

21%SE) 

from 

baseline in 

GH group 

No significant 

difference 

Significant increase 

as of 6 m, maximal 

at 9 m, still 

significant at 12 m 

  

Landin-

Wilhelmsen 

et al 

 2003 

R, DB, 

PC 
80 

International  

CIS 
GH daily/HRT v/s Pl/HRT 18 

Significant 

increase 

from 

baseline in 

GH 

groups 

Significant 

difference 

favoring GH 

at end of 

therapy 

_ 

PICP (μg/L) 
Erdtsieck et 

al 1995 

R, DB, 

PC 
21 RIA 

GH (3x/weekly)/ 

Pamidronate v/s 

Pl/Pamidronate  

6 

Significant 

decrease 

from 

baseline in 

Pl group 

No significant 

difference  

Significant decrease 

in Pl as of 3m and 

maintained at 12m 

(uncontrolled phase) 

  

Holloway et 

al 

1997 

R, DB, 

PC 
72 Immunoassay 

Cycles of 7d GH or Pl, 5d 

CT or Pl, 44d rest 
24 

No 

significant 

change 

No significant 

difference 

Significant increase 

as of week 1 of 

therapy, less 

increase at week 3 

then non-significant 

decrease 

  
Saaf et al, 

1999 

R, DB, 

PC 
12 RIA GH daily v/s Pl 12 

Significant 

increase 

(36 ± 

11%SE) 

from 

baseline in 

GH group 

No significant 

difference 

Significant increase 

as of 6 m, maximal 

at 12 m 

  

Landin-

Wilhelmsen 

et al, 2003 

R, DB, 

PC 
80 

Orion 

Diagnostica 
GH daily/HRT v/s Pl/HRT 18 

Significant 

increase 

from 

baseline in 

GH 

groups  

No significant 

difference 

Significant increase 

from baseline at 18 

m, maintained at 3 

years (uncontrolled 

phase) 
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B-ALP (μg/L) 

Landin-

Wilhelmsen 

et al, 2003 

R, DB, 

PC 
80 ELISA GH daily/HRT v/s Pl/HRT 18 

No 

significant 

change 

No significant 

difference 

No significant 

change 

PIIINP (U/L) 
Saaf et al, 

1999 

R, DB, 

PC 
12 RIA GH daily v/s Pl 12 

Significant 

increase 

(26 ± 

8%SE) 

from 

baseline in 

GH group 

No significant 

difference 

Significant increase 

from baseline in GH 

group as of 6 m 

(maximal), still 

significant at 12 m 

Bone Resorption 

Markers 
                  

Urine fasting (2-hr) 

hydroxyproline 

(mmol/mmolCr)  

Erdtsieck et 

al, 1995 

R, DB, 

PC 
21 Hypronosticon 

GH (3x/weekly)/ 

Pamidronate v/s 

Pl/Pamidronate  

6 _ 
No significant 

difference 
_ 

24hr urine 

hydroxyproline 

(mg/gCr)  

Gonnelli et 

al, 1997 
R, PC 30 Hypronosticon 

GH(7d)/CT(21d)/Rest(61d) 

v/s Pl/CT/Rest v/s 

GH/Pl/Rest 

24 

No 

significant 

change 

No significant 

difference 

Significant increase 

from baseline in 

GH/Pl group at 1 

week 

Urine fasting  

(2-hr) free 

deoxypyridinoline 

(nmol/molCr)  

Erdtsieck et 

al, 1995 

R, DB, 

PC 
21 ELISA 

GH 

(3x/weekly)/Pamidronate 

v/s Pl/Pamidronate  

6 _ 
No significant 

difference 

Significant decrease 

from baseline in Pl 

group as of 3 m, 

maintained at 6 m 

then non-significant 

increase 

Total urinary 

pyridinolines 

(nmol/mMCr)  

Holloway et 

al, 1997 

R, DB, 

PC 
72 

Competitive 

Enzyme 

Immunoassay 

Cycles of 7d GH or Pl, 5d 

CT or Pl, 44d rest 
24 

No 

significant 

change 

No significant 

difference 

Significant increase 

from baseline in 

GH/CT group at 

week 3 then non 

significant decrease 
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Free Pyridinoline 

Cross-Links 

(nmol/mmolCr)  

Gonnelli et 

al, 1997 
R, PC 30 ELISA 

GH(7d)/CT(21d)/Rest(61d) 

v/s Pl/CT/Rest v/s 

GH/Pl/Rest 

24 

No 

significant 

change 

No significant 

difference 

Significant increase 

from baseline in GH 

groups and 

significant 

difference from 

CT/Pl at week 1 . At 

1 m, CT significant 

drop from baseline, 

GH/Pl significantly 

higher than CT  

CTX (μg/mMCr)  
Holloway et 

al, 1997 

R, DB, 

PC 
72 ELISA 

Cycles of 7d GH or Pl, 5d 

CT or Pl, 44d rest 
24 

No 

significant 

change 

No significant 

difference 

Significant increase 

from baseline in GH 

groups at week 1 of 

therapy, then non-

significant  

ICTP (μg/L)  

Landin-

Wilhelmsen 

et al, 2003 

R, DB, 

PC 
80 

Orion 

Diagnostica 
GH daily/HRT v/s Pl/HRT 18 

Significant 

increase 

from 

baseline in 

GH 

groups 

Significant 

difference 

favoring high 

dose GH at 

end of therapy 

Significant increase 

from baseline at 18 

m in GH groups and 

significant 

difference from Pl 

in high dose GH 

group, maintained at 

3 years 

(uncontrolled phase) 

PICP, Procollagen Type-I Carboxy-terminal Propeptide; B-ALP, Bone-specific Alkaline Phosphatase; PIIINP, N-terminal Propeptide of Type-III Collagen; PINP, Procollagen Type-I 

Amino-Terminal Propeptide; CTX, Carboxy-terminal Collagen Crosslinks; ICTP, Carboxy-terminal Telopeptide of Type-I Collagen; R, Randomized; DB, Double Blind; PC, Placebo-

Controlled; C, Controlled; RIA, Radioimmunoassay; IRMA, Immunoradiometric Assay; ECLIA, Electro-Chemiluminescence Immunoassay; ELISA, Enzyme-linked Immunosorbent 

Assay; GH, Growth Hormone; Pl, Placebo; CT, Calcitonin; HRT, Hormone Replacement Therapy 
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Table 5: Summary of meta-analysis results for bone turnover markers 

Bone Marker 

(unit) 
Studies Included 

Sample Size 
GH/Control 

WMD  
(95% CI) 

Test of null                Z 

value (p-value) 
Test of heterogeneity  

Chi2 (p-value) 
Inconsistency I2  

Osteocalcin (μg/L) 

Erdtsieck 1995 

Gonnelli 1997 

Holloway 1997 

Landin-Wilhelmsen 

2003 

107/86 
0.79  

(-0.28; 1.85) 
1.44 (0.15) 19.37 (0.0007) 79% 

PICP (μg/L) 

Erdtsieck 1995 

Holloway 1997 Saaf 

1999 Landin-

Wilhelmsen 2003 

103/82 
14.03  

(2.68; 25.38) 
2.42 (0.02) 14.53 (0.006) 72% 

Total urinary 

pyridinolines 

(nmol/mMCr)  

Holloway 1997 32/40 
4.97  

(-0.30; 10.23) 
1.85 (0.06) 3.19 (0.07) 69% 

CTX (μg/mMCr)  Holloway 1997 30/29 
38.32  

(-5.75; 82.39) 
1.70 (0.09) 4.78 (0.03) 79% 

GH, Growth Hormone; WMD, Weighted Mean Difference; CI, Confidence Interval; Z value, Test statistic of the WMD; Chi2, Chi-squared test of heterogeneity; PICP, Procollagen 

Type-I Carboxy-terminal Propeptide; CTX, Carboxy-terminal Collagen Crosslinks 
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Table 6: Summary of meta-analysis results for fracture risk 

Outcome 
Studies 

Included 

Sample 

Size 
GH/Control 

RR  
(95% CI) 

Test of null                
Z value (p-

value) 

Test of 

heterogeneity 
Chi2 (p-

value) 

Inconsistency 
I2  

Fractures at 

latest follow-

up 

Aloia 1985  

Aloia 1987  

Saaf 1999  

Krantz 2015 

106/145 
0.63  

(0.46;0.87) 
2.87 (0.004) 0.58 (0.75) 0% 

Fractures at 

end of 

treatment 

period 

Aloia 1985  

Aloia 1987  

Saaf 1999  

Landin-

Wilhelmsen 

2003 

81/50 
0.63  

(0.30;1.51) 
0.96 (0.34) 0.58 (0.45) 0% 

Vertebral 

Fractures at 

latest follow-

up 

Aloia 1985  

Aloia 1987  

Saaf 1999  

Krantz 2015 

106/145 
0.59  

(0.29;1.21) 
1.44 (0.15) 1.09 (0.58) 0% 

Vertebral 

Fractures at 

end of 

treatment 

period 

Aloia 1985  

Aloia 1987  

Saaf 1999  

Landin-

Wilhelmsen 

2003 

81/50 
0.63  

(0.30;1.51) 
0.96 (0.34) 0.58 (0.45) 0% 

GH, Growth Hormone; RR, Relative Risk; CI, Confidence Interval; Z value, Test statistic of the RR; Chi2, Chi-

squared test of heterogeneity 
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Table 7:  Adverse events and mortality reported in included studies 

Study 

 

Approximate 

mean target 

GH dose 

[IU/d 

(mg/d)] 

Number 

of 

subjects 

Number 

withdrawn 

Reason for 

stopping 

protocol in GH 

group 

Adverse 

Events 

from GH 

Mortality 

Aloia et al, 1985 
hgH 6 IU (2 

mg/d) 3x/w  
25 0 NA 

2 trigger-

fingers, 1 

carpal tunnel  

None reported 

Aloia et al, 1987 

hGH 7 IU/d 

(2.3 mg/d) 

for 2m, 

repeated 

every 6m for 

3 cycles 

14 0 NA 
none 

reported 
None reported 

Erdtsieck et al, 

1995 

rhGH 0.0625 

IU/kg (max 

4 IU) 3x/w 

(0.02 mg/kg) 

23 
2  

(1 in GH, 1 
in Pl) 

Fluid retention  

Fluid 

retention in 

1 patient  

None reported 

Gonnelli et al, 

1997 

rhGH 

12IU/d (4 

mg/d) for 7 

d, repeated 

every 82 

days for 8 

cycles  

30 

4  
(1 in 

GH/CT, 1 in 

Pl/CT, 2 in 
GH/Pl) 

2 for personal 

reasons, 1 for 

non-compliance 

Transient 

arthralgia, 

muscle pain, 

ankle 

swelling  

None reported 

Holloway et al, 

1997 

rhGH 0.02 

mg/kg/d for 

7 d, repeated 

every 49 d 

for 12 cycles  

84 

12  
(5 in 

GH/CT, 4 in 
GH/Pl and 3 

in Pl) 

Peripheral edema 

that was not 

controlled by 

diuresis 

Peripheral 

edema 
None reported 

Saaf et al, 1999 

rhGH 1.5 ± 

0.3 U/d (0.5 

mg/d) Range 

0.9-2.7 U/d 

(0.3-0.9 

mg/d) 

16 
4  

(in GH 

group) 

2 from carpal 

tunnel syndrome, 

1 from retinal 

vein thrombosis, 

1 from thigh ache 

5 mild and 

reversible 
stiffness, 2 

carpal tunnel, 

1 trigger 
finger, 4 

peripheral 

edema, 4 
swollen 

aching knees, 

3 
trochanteritis, 

3 mild 

muscular 
tenderness 

None reported 

Landin-

Wilhelmsen et 

al, 2003 

rhGH 1 U/d 

(0.33 mg/d) 

or 2.5 U/d 

(0.83 mg/d) 

80 
2  

(in high dose 

GH group) 

1 from arthralgias 

and 1 from 

ichthyosis 

High dose 

GH: 1 DVT, 
1 breast CA, 1 

diverticulitis, 

1 accidental 
patellar fx, 1 

influenza Low 

dose GH: 
bronchitis, 

DM, 

bradycardia, 
angina, 1 

DVT 

None reported  

GH, Growth Hormone; Pl, Placebo; CT, Calcitonin; DVT, Deep vein thrombosis 
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Table 8:. Evaluation of the quality of the evidence using GRADE 

Quality assessment № of patients Effect 

Quality 
Importan

ce 

№ 
of 

stud
ies 

Study 
design 

Risk 
of 

bias 

Inconsis
tency 

Indirec
tness 

Imprec
ision 

Other 
consider

ations 

Growth 
Hormon

e 
Control 

Relati
ve 

(95% 
CI) 

Absol
ute 

(95% 
CI) 

BMD 

3 random
ised 
trials  

serio
us  1 

not 
serious   

not 
serious
   

seriou
s  2 

 87  64  MD 0  
( 0.03 
fewer 

to 
0.04 

more) 

Low Important  

BMC 

2 random
ised 
trials  

not 
serio
us   

 
serious  
3 

not 
serious
   

not 
seriou
s   

 65  36   MD 
0.71 
fewer  
(1.63 
fewer 

to 
0.22 

more)  

Modera
te 

Important 

Fracture risk 

 Rando
mised 
trials + 
1 
observ
ational 
study  

serio
us  1 

not 
serious 

not 
serious 

seriou
s  2 

 44/106 
(41.5%)  

76/145 
(52.4%) 

RR 
0.63 
(0.46 

to 
0.87) 

194 
fewer 
per 

1000  
(from 

68 
fewer 
to 253 
fewer) 

Very 
Low 

Critical  

 
 
PICP 

4 random
ised 
trials 

serio
us  1 

serious  
3 

not 
serious 

not 
seriou
s 

 103 82   MD 
14.03 
more  
(2.68 
more 

to 
25.38 
more) 

Low IMPORTA
NT  
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Appendix 1: PRISMA Checklist of items to include when 

reporting a systematic review or meta-analysis 

 

Section/topic Item 

number 

Checklist item 

Title 

Title 1 Identify the report as a systematic review, meta-analysis, 

or both 

Abstract 

Structured 

summary 

2 Provide a structured summary including, as applicable, 

background, objectives, data sources, study eligibility 

criteria, participants, interventions, study appraisal and 

synthesis methods, results, limitations, conclusions and 

implications of key findings, systematic review 

registration number 

Introduction 

Rationale 3 Describe the rationale for the review in the context of 

what is already known 

Objectives 4 Provide an explicit statement of questions being 

addressed with reference to participants, interventions, 

comparisons, outcomes, and study design (PICOS) 

Methods 

Protocol and 

registration 

5 Indicate if a review protocol exists, if and where it can be 

accessed (such as web address), and, if available, provide 

registration information including registration number 

Eligibility 

criteria 

6 Specify study characteristics (such as PICOS, length of 

follow-up) and report characteristics (such as years 

considered, language, publication status) used as criteria 

for eligibility, giving rationale 

Information 

sources 

7 Describe all information sources (such as databases with 

dates of coverage, contact with study authors to identify 

additional studies) in the search and date last searched 

Search 8 Present full electronic search strategy for at least one 

database, including any limits used, such that it could be 

repeated 

Study 

selection 

9 State the process for selecting studies (that is, screening, 

eligibility, included in systematic review, and, if 

applicable, included in the meta-analysis) 

Data collection 

process 

10 Describe method of data extraction from reports (such as 

piloted forms, independently, in duplicate) and any 

processes for obtaining and confirming data from 

investigators 
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Section/topic Item 

number 

Checklist item 

Data items 11 List and define all variables for which data were sought 

(such as PICOS, funding sources) and any assumptions 

and simplifications made 

Risk of bias in 

individual 

studies 

12 Describe methods used for assessing risk of bias of 

individual studies (including specification of whether this 

was done at the study or outcome level), and how this 

information is to be used in any data synthesis 

Summary 

measures 

13 State the principal summary measures (such as risk ratio, 

difference in means). 

Synthesis of 

results 

14 Describe the methods of handling data and combining 

results of studies, if done, including measures of 

consistency (such as I2) for each meta-analysis 

Risk of bias 

across studies 

15 Specify any assessment of risk of bias that may affect the 

cumulative evidence (such as publication bias, selective 

reporting within studies) 

Additional 

analyses 

16 Describe methods of additional analyses (such as 

sensitivity or subgroup analyses, meta-regression), if 

done, indicating which were pre-specified 

Results 

Study 

selection 

17 Give numbers of studies screened, assessed for 

eligibility, and included in the review, with reasons for 

exclusions at each stage, ideally with a flow diagram 

Study 

characteristics 

18 For each study, present characteristics for which data 

were extracted (such as study size, PICOS, follow-up 

period) and provide the citations 

Risk of bias 

within studies 

19 Present data on risk of bias of each study and, if 

available, any outcome-level assessment (see item 12). 

Results of 

individual 

studies 

20 For all outcomes considered (benefits or harms), present 

for each study (a) simple summary data for each 

intervention group and (b) effect estimates and 

confidence intervals, ideally with a forest plot 

Synthesis of 

results 

21 Present results of each meta-analysis done, including 

confidence intervals and measures of consistency 

Risk of bias 

across studies 

22 Present results of any assessment of risk of bias across 

studies (see item 15) 

Additional 

analysis 

23 Give results of additional analyses, if done (such as 

sensitivity or subgroup analyses, meta-regression [see 

item 16]) 

Discussion 

Summary of 

evidence 

24 Summarise the main findings including the strength of 

evidence for each main outcome; consider their relevance 

to key groups (such as health care providers, users, and 

policy makers) 

Limitations 25 Discuss limitations at study and outcome level (such as 

risk of bias), and at review level (such as incomplete 

retrieval of identified research, reporting bias) 
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Section/topic Item 

number 

Checklist item 

Conclusions 26 Provide a general interpretation of the results in the 

context of other evidence, and implications for future 

research 

Funding 

Funding 27 Describe sources of funding for the systematic review 

and other support (such as supply of data) and role of 

funders for the systematic review 
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Appendix 2: Search strategy 

 

Medline Search Strategy 

 

Database: Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid 

MEDLINE(R) <1946 to Present> 

Search Strategy: 

-------------------------------------------------------------------------------- 

1     exp Osteoporosis, Postmenopausal/ or exp Osteoporosis/  

2     exp Bone Density/  

3     osteop*.ti,ab.  

4     bone loss*.ti,ab.  

5     (low adj2 (density* or content*) adj3 bone*).ti,ab.  

6     demineralis*.ti,ab.  

7     exp fractures, bone/  

8     (bone* fracture* or bone* broken*).ti,ab.  

9     or/1-8  

10     exp Growth Hormone/  

11     exp Human Growth Hormone/  

12     growth hormon*.ti,ab.  

13     (gh or hgh or h-gh or rhgh or r-hgh or rh-gh).ti,ab.  

14     (somatrop* or somatotrop*).ti,ab.  

15     (genotropin or humatrope or norditropin or nutropin or omnitrope or saizen or 

serostim or tev-tropin or zorbtive).ti,ab.  

16     or/10-15  

17     9 and 16  

 

*************************** 
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Embase Search Strategy 

 

 

#2.  'osteoporosis'/exp OR 'bone density'/exp OR               

 

     'fracture'/exp OR osteop*:ab,ti OR (bone NEAR/2  

 

     density):ab,ti OR (bone:ab,ti AND mineral:ab,ti  

 

     AND content:ab,ti) OR (bone NEAR/1 loss):ab,ti OR  

 

     demineral*:ab,ti OR (bone*:ab,ti AND  

 

     fracture*:ab,ti) OR (bone*:ab,ti AND  

 

     broken*:ab,ti) AND ('growth hormone'/exp OR  

 

     (growth:ab,ti AND hormone*:ab,ti) OR gh:ab,ti OR  

 

     hgh:ab,ti OR 'h gh':ab,ti OR rhgh:ab,ti OR 'r  

 

     hgh':ab,ti OR 'rh gh':ab,ti OR genotropin:ab,ti  

 

     OR humatrope:ab,ti OR norditropin:ab,ti OR  

 

     nutropin:ab,ti OR omnitrope:ab,ti OR saizen:ab,ti  

 

     OR serostim:ab,ti OR 'tev tropin':ab,ti OR  

 

     zorbtive:ab,ti OR somatrop*:ab,ti OR  

 

     somatotrop*:ab,ti OR somacton:ab,ti OR  

 

     somantin:ab,ti OR somatotrofin:ab,ti) 

 

#1.  'osteoporosis'/exp OR 'bone density'/exp OR               

 

     'fracture'/exp OR osteop*:ab,ti OR (bone NEAR/2  

 

     density):ab,ti OR (bone:ab,ti AND mineral:ab,ti  

 

     AND content:ab,ti) OR (bone NEAR/1 loss):ab,ti OR  

 

     demineral*:ab,ti OR (bone*:ab,ti AND  

 

     fracture*:ab,ti) OR (bone*:ab,ti AND  

 

     broken*:ab,ti) AND ('growth hormone'/exp OR  
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     (growth:ab,ti AND hormone*:ab,ti) OR gh:ab,ti OR  

 

     hgh:ab,ti OR 'h gh':ab,ti OR rhgh:ab,ti OR 'r  

 

     hgh':ab,ti OR 'rh gh':ab,ti OR genotropin:ab,ti  

 

     OR humatrope:ab,ti OR norditropin:ab,ti OR  

 

     nutropin:ab,ti OR omnitrope:ab,ti OR saizen:ab,ti  

 

     OR serostim:ab,ti OR 'tev tropin':ab,ti OR  

 

     zorbtive:ab,ti OR somatrop*:ab,ti OR  

 

     somatotrop*:ab,ti OR somacton:ab,ti OR  

 

     somantin:ab,ti OR somatotrofin:ab,ti) 

 

Cochrane Search Strategy 

 

ID Search  

#1 MeSH descriptor: [Osteoporosis] explode all trees 

#2 MeSH descriptor: [Bone Density] explode all trees 

#3 MeSH descriptor: [Fractures, Bone] explode all trees 

#4 osteop*  

#5 bone loss*  

#6 low near/2 bone near/2 density  

#7 low near/2 bone near/2 content  

#8 demineralis*  

#9 bone* fracture*  

#10 bone* broken*  

#11 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10  

#12 MeSH descriptor: [Growth Hormone] explode all trees 

#13 MeSH descriptor: [Human Growth Hormone] explode all trees 

#14 growth hormon*  

#15 gh or hgh or h-gh or rhgh or r-hgh or rh-gh  

#16 somatrop* or somatotrop*  

#17 genotropin or humatrope or norditropin or nutropin or omnitrope or saizen or 

serostim or tev-tropin or zorbtive  

#18 #12 or #13 or #14 or #15 or #16 or #17  

#19 #11 and #18  
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Appendix 3: Full-text screening form 

 

Study ID:                     First author:                       Year:                Screener initials:   

            

1- Is study design a prospective controlled trial or not? 

 

     No ---------                       Exclude 

     Yes  --------                      Go to the next question 

 

2- Is the study population: Postmenopausal women or men above the age of 50 years 

with osteoporosis or osteopenia (defined as BMD T-score less than -1 or presence of 

fragility fracture), without secondary causes of osteoporosis and without growth 

hormone deficiency? 

 

     No ---------                       Exclude 

     Yes  --------                      Go to the next question 

 

3- Is the intervention growth hormone therapy? 

 

     No ---------                       Exclude 

     Yes  --------                      Go to the next question 

 

4- Is comparison to a comparator group? 

 

     No ---------                       Exclude 

     Yes  --------                      Go to the next question 

 

5- Are outcomes needed present? 

 

     No ---------                       Exclude 

     Yes -------- 

 

Final decision: 

 

Reason for exclusion (Please select): 

1. Lack of adequate design  

2. Lack of adequate population  

3. Lack of adequate intervention  

4. Lack of adequate comparison  

5. Lack of adequate outcome assessment 

6. Other:  
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Appendix 4: Data extraction form 

 

  Participants     
Osteoporosis/Osteopen

ia   
Interven

tion    
Outco

me    

First 

auth

or, 

year 

Stud

y 

desi

gn 

Ag

e 

(yr

s) 

Yrs 

since 

menopa

use 

Gend

er 

(%M

/F) 

BMI 

(kg/

m2) 

Num

ber of 

subje

cts 

Numbe

r 

withdra

wn 

Yrs 

since 

diagno

sis 

Pri

or 

tx 

Concur

rent tx 

Number/

site of 

fractures 

Basel

ine T-

score 

Approxi

mate 

mean 

target 

GH dose 

[IU/d 

(mg/d)] 

Durati

on of 

therap

y (m) 

IGF-

1 

baseli

ne 

IGF-

1 

after 

thera

py 

Outco

me 

assess

ed 

Fundi

ng  

Confl

ict of 

intere

st 
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