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Abstract
Summary  We investigated the association between bisphosphonate and denosumab use and risk of hip fracture in Norway. 
These drugs protect against fractures in clinical trials, but their population-level effect is unknown. Our results showed 
lowered risk of hip fracture for treated women. Treatment of high-risk individuals could prevent future hip fractures.
Purpose  To investigate whether bisphosphonates and denosumab reduced the risk of first-time hip fracture in Norwegian 
women when adjusting for a medication-based comorbidity index.
Methods  Norwegian women aged 50–89 in 2005–2016 were included. The Norwegian prescription database (NorPD) 
supplied data on exposures to bisphosphonates, denosumab, and other drugs for the calculation of the Rx-Risk Comorbidity 
Index. Information on all hip fractures treated in hospitals in Norway was available. Flexible parametric survival analysis was 
used with age as time scale and with time-varying exposure to bisphosphonates and denosumab. Individuals were followed 
until hip fracture or censoring (death, emigration, age 90 years), or 31 December 2016, whichever occurred first. Rx-Risk 
score was included as a time-varying covariate. Other covariates were marital status, education, and time-varying use of 
bisphosphonates or denosumab with other indications than osteoporosis.
Results  Of 1,044,661 women 77,755 (7.2%) were ever-exposed to bisphosphonate and 4483 (0.4%) to denosumab. The fully 
adjusted hazard ratios (HR) were 0.95 (95% confidence interval (CI): 0.91–0.99) for bisphosphonate use and 0.60 (95% CI: 
0.47–0.76) for denosumab use. Bisphosphonate treatment gave a significantly reduced risk of hip fracture compared with 
the population after 3 years and denosumab after 6 months. Fracture risk was lowest in denosumab users who had previously 
used bisphosphonate: HR 0.42 (95% CI: 0.29–0.61) compared with the unexposed population.
Conclusions  In population-wide real-world data, women exposed to bisphosphonates and denosumab had a lower hip fracture 
risk than the unexposed population after adjusting for comorbidity. Treatment duration and treatment history impacted 
fracture risk.
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Introduction

Norway has one of the highest incidence rates of hip fracture 
in the world [1–3]. Over the last two decades, there has been 
a decrease in incidence, but because of the increasing num-
ber of elderly in the population, the total annual number of 
hip fractures has been stable and is forecasted to increase [4].

Guidelines in Europe recommend bisphosphonates as first 
choice of treatment of osteoporosis and for fracture preven-
tion [5], with alendronate being the most commonly used 
drug in Norway [6, 7]. While oral bisphosphonates have 
been in use since the late 1990s, denosumab for osteoporosis 
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(Prolia™) was introduced in 2010 and is mostly prescribed 
as second-line treatment or as first-line for people with con-
traindications to bisphosphonate use [7, 8]. The efficacy of 
alendronate and other anti-osteoporosis drugs (AOD) in 
preventing fractures has been extensively investigated in 
clinical studies [9–12]. A recent review of meta-analyses 
and network meta-analyses of clinical trials showed that 
oral and parenteral bisphosphonates and denosumab were 
similarly efficient in reducing hip fracture risk in postmeno-
pausal women, with relative risks between 0.45 and 0.64 for 
alendronate and between 0.50 and 0.60 for denosumab [13].

Although results from randomized controlled trials 
(RCTs) are considered the gold standard and form the basis 
for treatment guidelines, their external validity is limited. An 
international cross-sectional study showed that more than 
half of incident users of alendronate in 2005–2007 would 
not have qualified for inclusion in the Fracture Intervention 
Trial, a large, early RCT of alendronate [14]. The exclu-
sion criteria in that study included age at or above 80 years. 
Adherence to and persistence with anti-osteoporosis drug 
treatment can also be low [15]. Despite convincing effects in 
RCTs, treatment uptake is low in many countries [16]. In a 
cohort study of Norwegians, only 24% of women with high 
risk of osteoporotic fracture used an anti-osteoporotic drug 
during the first 2 years following their risk assessment [17].

The efficacy of anti-osteoporosis drugs has to a limited 
extent been studied in a real-world setting. A recent obser-
vational study of Swedish women who started osteoporosis 
treatment and served as their own controls after the first 
3 months of treatment showed an incidence rate ratio of 0.74 
for hip fracture in the following 12 months [18], a reduction 
which is in line with results from RCTs [9]. A large longitu-
dinal study on US women with a similar within-user design 
also found reduced incidence rates of hip fractures after initi-
ation of treatment with either denosumab or bisphosphonate 
[19]. A study of French women using bisphosphonates found 
no significant protection on hip fracture risk [20]. None of 
these studies examined the risk of hip fracture according to 
duration of drug use.

Considering the apparent undertreatment of osteoporosis 
and limited knowledge of the effectiveness on the popula-
tion level, we aimed to investigate whether use of bisphos-
phonates or denosumab protects against first-time hip frac-
ture using real-world data on the female population aged 
50–89 years in Norway from 2005 through 2016.

Methods

Study population and data sources

In this registry-based cohort study, the source population 
was the full Norwegian adult population identified in the 

Norwegian Population and Housing Census 2001 who were 
alive and residing in Norway by 1 January 2005. The study 
population were women aged between 50 and 89 years in the 
study period, defined as from January 2005 through Decem-
ber 2016. Individuals were included from the start of study 
in January 2005 or, for those currently aged < 50, January 
of the year of their 50th birthday. Year of birth thus ranged 
from 1916 through 1966.

Residential status and dates of death and emigration from 
the National Population Register were provided by Statis-
tics Norway. The Norwegian Population and Housing Cen-
sus 2001 provided year of birth, educational level, marital 
status, and urbanisation level of municipality of residence 
in 2001. These data were linked with information on filled 
prescriptions recorded in the Norwegian Prescription Data-
base (NorPD) for the years 2005–2016 [21]. The NorPD 
contains data on all prescription drugs dispensed by phar-
macies in Norway since 2004. For every filling, the drug 
name, dosage form, marketing name, and amount are reg-
istered. Amount of drug dispensed is registered in defined 
daily doses (DDDs), as per the World Health Organization 
Collaborating Centre for Drug Statistics Methodology [22]. 
Prescription filling data were used both to identify exposure 
to the drugs under study and to calculate the medication-
based Rx-Risk Comorbidity Index [23]. Data on incident 
hip fractures in 1994–2016 were available in the Norwegian 
Epidemiologic Osteoporosis Studies (NOREPOS) hip frac-
ture database and linked to the data on an individual level 
[24]. This database includes quality-assured information on 
all hip fractures treated in hospitals in Norway (http://​www.​
norep​os.​no/​docum​entat​ion). Women who had suffered a hip 
fracture prior to the study period (i.e., between 1994 and 
2004) were excluded, as were women who were exposed 
to bisphosphonates or denosumab the year before inclusion 
(1 year washout to exclude prevalent users).

Exposures

The drug exposures studied were bisphosphonates and 
denosumab for osteoporosis, prescribed in the study period. 
Drugs were distinguished by marketing name and grouped 
by the active ingredient and indication according to the 
Norwegian Pharmaceutical Product Compendium [25]. 
Bisphosphonates with osteoporosis as indication included 
alendronate (anatomical therapeutic chemical [ATC] code 
M05BA04), ibandronic acid (ATC code M05BA06), rise-
dronic acid (ATC code M05BA07), and zoledronic acid 
(Aclasta™) (ATC code M05BA04), and denosumab with 
osteoporosis as indication included denosumab (Prolia™) 
(ATC code M05BX04). Within each of the two medication 
groups, we allowed exposure status (exposed/unexposed) to 
vary over time. The start of exposure was set at the date of 
filling the first prescription. Bisphosphonates were assigned 

http://www.norepos.no/documentation
http://www.norepos.no/documentation
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an end of exposure according to the amount filled (in DDDs) 
with an additional 6 months to accommodate these drugs’ 
persisting effect [26]. Denosumab (Prolia™) is given as an 
injection with a dose covering 6 months, corresponding to 
182.625 DDD, with no persisting effect [5]. Therefore, each 
prescription of denosumab was assigned an end of expo-
sure according to the amount filled in DDDs, without any 
addition of time. For some drugs (injectable forms of iban-
dronic acid and zoledronic acid in the formulation marketed 
as Aclasta™), the registered DDDs were adjusted, as their 
values were not based on the dosage used in osteoporosis 
treatment [22]. The adjusted DDD corresponded to the dos-
age used when treating osteoporosis as listed in the Norwe-
gian Pharmaceutical Product Compendium [25].

Risk of hip fracture by duration of current treatment was 
further investigated in five stages: 1–5 months, 6–11 months, 
12–23 months, 24–35 months, and 36 months or more. 
Duration was calculated in a cumulative fashion, without 
regard to pauses in exposure. Each individual’s duration of 
treatment was time-varying and updated if they persisted on 
or re-initiated the treatment.

In addition, risk of hip fracture by treatment history was 
examined in four categories to indicate current bisphosphonate 
or denosumab treatment with or without previous treatment 
with the other drug type. Treatment history was also time-var-
ying, updated according to the individual’s treatment trajectory.

Outcome

The outcome of interest was an individual’s first hip fracture 
occurring after start of follow-up. The date of hip fracture 
was set to that of the individual’s first occurrence in the 
NOREPOS hip fracture database.

Covariates

Filling of prescriptions of bisphosphonates and denosumab 
with an indication other than osteoporosis was included as 
two separate binary time-varying covariates constructed in 
the same way as the main exposure variables. These included 
the bisphosphonates etidronic acid (ATC code M05BA01), 
clodronic acid (ATC code M05BA02), pamidronic acid 
(ATC code M05BA03), and zoledronic acid (all formula-
tions other than Aclasta™) and denosumab with the market-
ing name Xgeva™ (ATC code M05BX04).

Demographic covariates included decade of birth, sex, 
marital status, educational level, and urbanisation level of 
municipality of residence. Marital status was dichotomized 
into married/registered partner vs. not married. Attained 
educational level was grouped into nine levels according to 
the Norwegian Standard Classification of Education [27], 
and further combined into three levels: low (0 to 10 years of 
schooling), medium (11 to 14 years of schooling, including 

post-secondary schooling but not higher level education), 
and high (undergraduate, graduate, and postgraduate edu-
cation). All municipalities were grouped in three categories 
based on the proportion living in densely populated areas 
(defined as < 50 m between houses): low (rural, less than 
one-third), medium (semirural, between one-third, and two-
thirds), and high (urban, more than two-thirds), and each 
resident was assigned the urbanization level of their resi-
dential municipality [28].

In addition, a time-varying Rx-Risk Comorbidity Index 
score, updated every odd calendar year, was calculated for 
each individual based on their filled prescriptions in the 
NorPD [23]. The ATC-mapped Rx-Risk score was based 
on the number of different comorbidity categories (of a total 
of 45) from which the individual had filled a prescription 
in a specific calendar year, where each category has been 
assigned an empirical severity weight from − 1 through 6 
according to the age- and sex-adjusted one-year mortal-
ity associated with the category (Supplementary Table 1). 
Finally, each person’s score was calculated as the net sum of 
weights for all categories from which the person had filled at 
least one prescription in the calendar year. Last observation 
was carried forward if the Rx-Risk Comorbidity Index score 
was missing in a next 2-year period. Rx-Risk scores rang-
ing from − 8 to 54 were grouped into 13 categories (< 0, 0, 
1, …9, ≥ 10, missing). Having no filled prescriptions could 
indicate institutionalisation since prescriptions given in hos-
pitals and nursing homes are not recorded in the NorPD.

Statistical analysis

We fitted flexible parametric survival models using the 
stpm2 command in Stata/SE 17.0 for Windows to estimate 
hazard ratios (HRs) of hip fracture, with associated 95% 
confidence intervals (CIs), for individuals currently exposed 
to bisphosphonates and denosumab, respectively, compared 
to currently unexposed individuals. The analysis unit was 
person-time, and the time scale was attained age (in months 
since January in the year of the individual’s 50th birthday). 
Individuals were followed from 1 January 2005 (or from 1 
January in the calendar year of their 50th birthday if younger 
than 50 years in 2005) until their first hip fracture, emigra-
tion, death, 31 December of the year of their 89th birthday or 
end of study on 31 December 2016, whichever occurred first. 
We performed three analyses with different characterisations 
of exposure. First, risk of hip fracture was investigated in 
person-time under exposure to bisphosphonates or deno-
sumab vs. unexposed person-time, disregarding treatment 
duration and history. Second, we examined risk according to 
treatment duration for the drug in question across categories 
ranging from < 6 months to ≥ 36 months. Third, we exam-
ined risk according to treatment history, separating between 
denosumab use with and without previous bisphosphonate 
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use, and correspondingly, separating between bisphospho-
nate use with or without previous denosumab use. Unex-
posed person-time (non-use of anti-osteoporosis drugs) 
in the total study population of women was the reference 
level in all analyses. The base model, performed for the first 
main analysis only, included mutual adjustment for any of 
the study drugs with or without osteoporosis as indication. 
In the fully adjusted model, we also included the Rx-Risk 
Comorbidity Index score as a time-varying categorical vari-
able, and educational level, marital status, and decade of 
birth year as fixed covariates. Level of urbanisation did not 
influence the estimates for bisphosphonates and denosumab 
and was not included in the analyses. All analyses were per-
formed separately for men and women.

First, models without time-dependent effects of exposure 
to bisphosphonates and denosumab were fitted to yield over-
all HR estimates, assuming proportional hazards [29]. Fur-
ther, we fitted a model allowing for time-dependent effects of 
bisphosphonates and denosumab, respectively, by including 
the tvc option in the stpm2 command. In this last analysis, 
treatment duration or history was not taken into account.

A sensitivity analysis of the first main analysis was also 
performed where individuals were not considered as exposed 
to oral bisphosphonates (alendronate, risedronic acid, oral 

formulations of ibandronic acid, etidronic acid, and clo-
dronic acid) until the second filling of a prescription of bis-
phosphonate tablets. No changes were made to the exposure 
definitions of the parenteral treatments.

Results

More than 1 million women were included in the study. On 
average, the women were followed for more than 8 years 
(Table 1). When restricting to drugs with osteoporosis as 
indication, 7.2% of women were exposed to bisphosphonates 
and 0.4% were exposed to denosumab during the 12-year 
study period (Table 1).

There was a marginally longer total time of exposure to 
anti-osteoporosis drugs for women who had an ever-expo-
sure to denosumab, compared to women who only had ever-
exposure to bisphosphonates. Among women ever-exposed 
to denosumab, 67.9% also had ever-exposed to bisphospho-
nates (data not shown). Of the women ever-exposed to both 
drugs, 97.4% had their first bisphosphonate exposure before 
their first denosumab exposure. These women had an aver-
age of 3.1 years (standard deviation 2.7) with bisphospho-
nate exposure before denosumab initiation.

Table 1   Characteristics of the study population by use of bisphosphonates and denosumab with osteoporosis as indication, Norwegian women 
aged 50–89 years in 2005–2016

a For persons with ever-exposure, only hip fractures occurring while exposed are counted in columns characterizing ever-exposed, bincidence rate 
per 1000 person years, cThere was no missing in any subgroup

All women Never-exposed Ever-exposed 
bisphosphonates

Ever-
exposed 
denosumab

Number (percent) 1,084,443 1,004,332 (92.6) 77,755 (7.2) 4,483 (0.4)
Years under observation, mean (SD) 8.7 (3.9) 8.6 (3.9) 10.4 (2.7) 11.6 (1.2)
Years under exposure, mean (SD) - - 3.5 (2.9) 3.7 (2.9)
Years under specific exposure, mean (SD) 3.5 (2.9) 1.6 (1.2)
Age At entry, mean 60.2 59.9 64.5 66.5

At first exposure, mean - - 69.5 75.6
Rx Risk score At entry, median (25th, 

75th percentile)
1 (-1, 5) 1 (-1, 5) 2 (0, 6) 2 (0, 5)

At first exposure, 
median (25th, 75th 
percentile)

- - 4 (0, 8) 6 (2, 11)

Hip fracturesa (2005–2016) (incidence rateb) 47,467 (5.0) 42,965 (5,0) 2,542 (9.4) 64 (8.9)
Married or registered partnerb (percent) 657,961 (60.7) 607,987 (60.5) 48,543 (62.4) 2,931 (65.4)
Education, percent Low 25.8 25.3 32.2 31.0

Medium 51.4 51.5 49.6 50.2
High 21.6 21.9 17.4 17.9
Missing 1.3 1.3 0.8 0.9

Urbanisationc, percent Rural 8.1 8.0 8.8 6.3
Suburban 22.4 22.4 22.8 17.0
Urban 69.5 69.6 68.4 76.7
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For the ever-exposed women, both median Rx-Risk score 
and average age, naturally, was higher at the start of expo-
sure than at the start of observation (Table 1).

Risk of hip fracture according to use 
of anti‑osteoporosis drugs

With full adjustment, the overall HR of hip fracture between 
women exposed and unexposed to bisphosphonates was 0.95 
(95% CI: 0.91–0.99) when disregarding treatment duration 
and history (Table 2). The corresponding HR of hip frac-
ture between women exposed and unexposed to denosumab 
in the fully adjusted model was 0.60 (95% CI: 0.47–0.76). 
The time-dependent HR of hip fracture in women treated 
with bisphosphonates varied across attained age (Fig. 1). 
For women above approximately 81 years of age, treatment 
with bisphosphonates was associated with reduced HR of 

hip fracture. The HR estimate for denosumab exposure 
was below 1 for women of all ages, but statistically signifi-
cant only for women above approximately 79 years of age 
(Fig. 2).

The sensitivity analysis requiring two consecutive fill-
ings of a prescription for oral bisphosphonates to assign 
exposure yielded only a slightly more protective effect of 
bisphosphonates in women, with an HR of 0.92 (95% CI: 
0.88–0.96).

For both bisphosphonate and denosumab exposure, 
the risk of hip fracture was significantly elevated the first 
5 months of treatment (Table 3). For bisphosphonate, the 
risk of hip fracture was lower for each increasing stage 
of treatment duration, but this was statistically significant 
only in those who had reached 3 or more years of treat-
ment. These women had an HR of 0.79 (95% CI: 0.74–0.84). 
Women treated with denosumab had a significantly reduced 

Table 2   Hazard ratios (HRs) with 95% confidence intervals (CIs)a for hip fracture according to time-dependent use of bisphosphonates or 
denosumabb in the female population of Norway aged 50–89 years, with age as time scale. N = 1,084,443

a Flexible parametric survival model with age (months) as time scale, bwith osteoporosis as indication, cadjusted for either drug exposure inde-
pendently of indication, dadjusted for Rx Risk score, 10-year birth cohort, marital status (married/other), education level and mutual adjustment 
for drug exposure independently of indication

Base modelc Fully adjusted modeld

Exposure status Person-time (years) Hip fractures HR 95% CI p value HR 95% CI p value

Unexposed 9,149,627 44,834 ref - - ref - -
Bisphosphonate 269,242 2542 1.10 1.05–1.14  < 0.001 0.95 0.91–0.99 0.013
Denosumab 7159 64 0.70 0.55–0.90 0.005 0.60 0.47–0.76  < 0.001

Fig. 1   Time-dependent hazard 
ratios with 95% confidence 
intervals for hip fracture  
according to use of bisphos-
phonates (yes/no) in women in 
Norway, ages 52–89. Adjusted 
for marital status, 10-year birth 
cohort, education level, Rx-Risk 
index score, use of denosumab 
and use of bisphosphonate on 
other indications than osteopo-
rosis. Age as time scale. The 
horizontal line indicates the null 
effect (HR = 1). Figure created 
in Stata/SE 17.0
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risk of hip fracture if they persisted with treatment beyond 
6 months. Treatment duration of more than 1 year but less 
than 2 years, yielded the most protective estimate: HR 0.31 
(95% CI: 0.18–0.55) (Table 3).

Women who were initiated on a bisphosphonate had 
a slightly lower risk of hip fracture than unexposed 
women (Table 4). In contrast, women who used bis-
phosphonates after previous denosumab treatment, 
comprising the smallest subsample of current users, 
had a non-significant HR estimate of 1.63. When 
dividing current denosumab use according to previous 

bisphosphonate use, the HR estimate for women who 
were initiated on denosumab as their first drug type 
was non-significant, while women who were exposed 
to denosumab after receiving bisphosphonate treat-
ment had a reduced risk of hip fracture, with HR 0.42 
(95% CI: 0.29–0.61) compared with the unexposed 
population.

Fully adjusted survival curves showing hip fracture-free 
time (age) according to drug exposure are shown in Sup-
plementary Figs. 1–4.

Fig. 2   Time-dependent hazard 
ratios with 95% confidence 
intervals for hip fracture accord-
ing to use of denosumab (yes/
no) in women in Norway, ages 
60–89. Adjusted for marital 
status, 10-year birth cohort, 
education level, Rx-Risk index 
score, use of bisphosphonate 
and use of denosumab on other 
indications than osteoporosis. 
Age as time scale. The horizon-
tal line indicates the null effect 
(HR = 1). Figure created in 
Stata/SE 17.0

Table 3   Hazard ratios (HRs) 
with 95% confidence intervals 
(CIs)a for hip fracture according 
to time-dependent use of 
bisphosphonates or denosumabb 
in the female population of 
Norway aged 50–89 years, by 
duration of treatment, 2005–
2016. N = 1,084,443

a Flexible parametric survival model with age (months) as time scale, bwith osteoporosis as indication, cad-
justed for Rx Risk score, 10-year birth cohort, marital status (married/other), education level, and mutual 
adjustment for drug exposure independently of indication

Fully adjusted modelc

Exposure status Treatment duration Person-time (years) Hip fractures HR 95% CI p value

Unexposed - 9,149,627 44,834 ref - -
Bisphosphonate 1–5 months 20,385 359 1.97 1.77–2.18  < 0.001

6–11 months 37,208 347 1.01 0.90–1.12 0.918
12–23 months 54,702 497 0.96 0.88–1.05 0.368
24–35 months 41,890 363 0.91 0.82–1.01 0.066
36 months +  115,058 976 0.79 0.74–0.84  < 0.001

Denosumab 1–5 months 674 24 2.52 1.69–3.76  < 0.001
6–11 months 2,007 15 0.50 0.30–0.83 0.007
12–23 months 2,454 12 0.31 0.18–0.55  < 0.001
24–35 months 1,268 8 0.41 0.20–0.82 0.011
36 months +  756 5 0.50 0.21–1.21 0.124
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Discussion

Individuals with osteoporosis have up to sevenfold increased 
risk of hip fracture compared to individuals without osteopo-
rosis [30, 31]. We aimed to investigate the effect of osteopo-
rosis treatment on hip fracture risk in real-world data cover-
ing the population of women in Norway aged 50–89 years 
with no prior hip fracture. We found that women exposed 
to bisphosphonates had a hip fracture risk slightly below 
the level of unexposed women after adjusting for comorbid-
ity, thus reducing the presumed excess risk of hip fracture 
associated with osteoporosis medication. Compared to unex-
posed, exposure to denosumab was associated with an even 
lower risk of hip fracture in women. For both treatments, the 
risk of fracture was increased in the first 5 months of treat-
ment, in line with their likely clinical indication for treat-
ment (elevated fracture risk). We observed a time-dependent 
association for both bisphosphonates and denosumab treat-
ment across attained age, with a significantly reduced risk 
for hip fracture in the oldest women. Longer durations of 
treatment gave more protective estimates, for both drugs. 
Women who were initiated on denosumab after previous 
bisphosphonate treatment had the lowest risk estimate, with 
a 58% reduced risk of hip fracture compared with the back-
ground female population.

Time of exposure to denosumab was shorter than that 
to bisphosphonates, but the total duration of exposure 
to bisphosphonates and denosumab combined was simi-
lar between the two ever-exposed groups. Almost 70% 
of women ever-exposed to denosumab were also ever-
exposed to bisphosphonates, and of these more than 97% 
used the bisphosphonate first. This is in accordance with 
bisphosphonates being the first-line treatment. It is more 
widely reimbursed, as denosumab (Prolia™) is directly 
reimbursed only to women who cannot take bisphospho-
nates (due to side-effects, contraindications, or unsatis-
factory effect) and who are older than 75 years [25]. This 
last aspect likely explains the age difference at start of 
treatment between women exposed to bisphosphonates 
and denosumab. Having already had on average more 

than 3 years of treatment with bisphosphonate, the women 
starting denosumab as their second treatment will very 
likely have had a smaller imminent risk of fracture than the 
women initiating their first treatment. As seen in Table 3, 
this duration of bisphosphonate treatment gave a lower 
HR for hip fracture than in the first analysis, where treat-
ment duration was not considered. This group of women, 
who transitioned from bisphosphonate to denosumab, were 
again found to have a lower risk of fracture, in Table 4, 
where their HR was as low as 0.42 compared with women 
who were unexposed to any treatment.

In a recent Danish population-based study comparing 
patients initiated on alendronate and denosumab, there was 
no difference in risk of hip fracture during 3 years of fol-
low-up [32]. In the US study of real-world effectiveness of 
osteoporosis treatment, denosumab did have a more protec-
tive point estimate (incidence rate ratio) than both oral and 
parenteral bisphosphonate [19]. In a network meta-analysis 
of clinical trials from 2019, denosumab was effective in 
reducing hip fracture risk only when compared to placebo 
[11]. As these findings were based on RCTs, they may not 
be fully applicable to the real world. Our finding of a lower 
risk of hip fracture whilst exposed to denosumab may in part 
be explained by the accumulated treatment with bisphos-
phonate many of these women had. Having had a minimum 
of 3 years of bisphosphonate treatment gave an HR of 0.79 
in our data, whilst using denosumab after bisphosphonate 
gave an HR of 0.41. One factor that may contribute to a 
more protective effect of denosumab is that of adherence and 
persistence. Oral alendronate is the most commonly used 
bisphosphonate, often prescribed in a once-a-week regimen 
[6]. This likely makes it more vulnerable to missed doses, 
in contrast to denosumab, which is administered by injec-
tion twice a year. There may also be some healthy user-bias 
in the group of women who transition to denosumab, who 
may be characterized by a higher degree of health literacy 
and have over-all better health. We have taken such variation 
into account by adjusting for educational level and a broad 
medication-based comorbidity index (Rx-Risk), although 
residual confounding may remain.

Table 4   Hazard ratios (HRs) 
with 95% confidence intervals 
(CIs)a for hip fracture according 
to time-dependent use of 
bisphosphonates or denosumabb 
in the female population of 
Norway aged 50–89 years, by 
treatment history, 2005–2016. 
N = 1,084,443

a Flexible parametric survival model with age (months) as time scale, bwith osteoporosis as indication, cad-
justed for Rx Risk score, 10-year birth cohort, marital status (married/other), education level, and mutual 
adjustment for drug exposure independently of indication

Fully adjusted modelc

Exposure status Treatment history Person-time (years) Hip fractures HR 95% CI p value

Unexposed - 9,149,627 44,834 ref - -
Bisphosphonate No previous treatment 268,054 2,527 0.95 0.91–0.99 0.011

Previous denosumab 1,188 15 1.63 0.93–2.84 0.085
Denosumab No previous treatment 2,232 31 0.82 0.57–1.16 0.262

Previous bisphosphonate 4,927 33 0.42 0.29–0.61  < 0.001



	 Osteoporosis International

1 3

In the analysis with time-dependent effects, we found 
significantly reduced HR for women treated with bispho-
sphonates in older age (80–89). This is the age-group with 
the highest incidence of hip fracture [3, 33]. The younger 
age-groups are those most often included in RCTs, whilst 
women above 80 were for example not included in the Frac-
ture Intervention Trial of alendronate [14]. Although our 
population was restricted to those who had not had a hip 
fracture previously, the proportion of prescriptions of anti-
osteoporosis drugs representing secondary prevention after 
having experienced a forearm or other fracture is unknown. 
At younger ages, the prescriptions may to a larger degree 
be linked to secondary osteoporosis due to, e.g., premature 
menopause, prior anti-oestrogen treatment, gastro-intestinal 
disease or genetic susceptibility for low bone mass, rather 
than old age and overall poorer health and frailty, factors 
that can be partly captured in higher Rx Risk scores. The 
share of secondary osteoporosis in post-menopausal women 
is poorly documented, but it has been reported at 20 and 
30% [34, 35]. That is, in our analysis, we may be capturing 
more of the confounding by indication for the older treated 
population, than for the younger treated population. In a 
population-based regional health study covering a subset of 
the Norwegian population, fracture risk among women and 
men exposed to bisphosphonates was studied using a similar 
time-varying exposure as in our study [36]. After adjustment 
for age and a fracture-risk score (FRAX®) based on clinical 
predictors [37], exposure to bisphosphonates was associated 
with a reduced risk of hip fracture in women, with an HR of 
0.68 (95% CI: 0.46–1.02). This is a lower estimate than ours, 
albeit not statistically significant and with a wider 95% CI. 
The latter study only included individuals up until the age 
of 85 and most probably had a better opportunity to capture 
confounding by indication also among the younger partici-
pants because of more clinical variables.

A Swedish study showed reductions in fracture risk asso-
ciated with treatment with any of several anti-osteoporosis 
drugs [18]. Their design reduced the risk of confounding 
by indication by allowing each treated individual to serve 
as their own control, using the first treatment period as an 
indicator of baseline risk and comparing this with a later 
treatment period. This setup allows to control for an individ-
ual’s underlying fracture risk. For women aged 80 years and 
older, the incidence rate ratio (IRR) of hip fracture between 
treated and untreated periods was 0.81 (95% CI: 0.68–0.95), 
whilst it was 0.69 (95% CI: 0.57–0.84) for women aged 
60–79 years. These results lie between our risk estimates 
for women treated with bisphosphonates and denosumab, 
respectively. Contrary to our results, they found a more 
pronounced protection in the younger age group. A recent 
German study had a similar design with self-control and 
showed an IRR of hip fracture of 0.83 (95% CI: 0.38–1.84) 
for women treated with denosumab and 0.63 (95% CI: 

0.41–0.97) for women treated with oral bisphosphonates 
[38]. In the Swedish study, the respective effects of different 
types of anti-osteoporosis drugs could not be distinguished, 
and the design of both studies is also fundamentally different 
from ours since they did not include a comparison with the 
untreated population.

At treatment initiation, risk of hip fracture is high [19]. 
Any fractures occurring shortly after initiating treatment 
may biologically not have been preventable by the treat-
ment. This is especially the case for oral bisphosphonates, 
which may not be clinically effective until 12 months of use 
and treatment effect is shown to be increasing with dura-
tion and adherence [39, 40]. In our sensitivity analysis, we 
categorised individuals initiated on oral bisphosphonates as 
unexposed until the filling of their second prescription. This 
sensitivity analysis did not appreciably alter the findings of 
the first main analysis. In the analysis where we looked at 
the effect of duration of treatment, we can plainly see the 
high risk of fracture at initiation, with HRs close to and 
above 2 for women treated less than 6 months for both bis-
phosphonates and denosumab. At treatment initiation, the 
women had a larger risk of fracture than their non-exposed 
peers. With persistent treatment, their risk fell below that of 
their non-treated peers. The tendency of reduced HRs for the 
longer durations of treatment is clear, even if some stages 
of duration did not yield statistically significant estimates.

In our analysis of treatment history, one group stands out 
with a (non-significant) increased risk of fracture compared 
with non-treated women, the women transitioning to bispho-
sphonate after denosumab treatment. There is documenta-
tion that discontinuation of denosumab increased fracture 
risk due to rapid bone loss [41]. There is some evidence that 
bisphosphonate treatment after denosumab discontinuation 
may partly prevent this bone loss and alleviate the increased 
risk [42, 43]. In our data, women who transitioned to a bis-
phosphonate had a risk of hip fracture above that of the non-
treated women, but their risk estimate was not quite as high 
as those of the women recently initiated on bisphosphonate 
or denosumab.

Strengths and limitations

A major strength of this study is its population-wide scope 
with the ability to link individual-level data from nation-
wide administrative databases and health registries based 
on each resident’s unique personal identification number. To 
our knowledge, this is one of very few nationwide studies of 
effectiveness of osteoporosis treatment in a real-world set-
ting. Longitudinal prescription data allowed for inclusion of 
time-varying exposures in the analyses. In pharmacoepide-
miologic studies, a fundamental challenge is confounding by 
indication that stems from an inherent difference in underly-
ing risk between the treated and untreated population. The 
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study is limited by our lack of data on fractures of other 
kinds; this could have helped reduce the confounding by 
indication as osteoporosis increases risk of many types of 
fractures [44]. We have however tried to take some of this 
underlying risk difference into account by adjusting for 
comorbidity expressed by the Rx-Risk Comorbidity Index. 
This lowered the HR of hip fracture for both exposed groups. 
Even before adjusting for comorbidity, women exposed to 
denosumab had a lower risk of hip fracture than unexposed 
women. The flexible parametric survival analysis allowed for 
illustration of HRs at different ages, revealing that there was 
a stronger protective association of bisphosphonates among 
older women.

The prescription data used in this study does not strictly 
indicate use, as some individuals who fill their prescription 
will end up not taking the drug as prescribed. This may lead 
to misclassification, attenuating the potentially protective 
effect of the drugs. There are also some Norwegians who 
receive treatment for osteoporosis in hospitals, care homes 
and outpatient clinics with infusions of zoledronic acid. 
This treatment is not registered in the NorPD, and so these 
individuals will be incorrectly classified as unexposed. To 
assess the extent of this misclassification, we have accessed 
wholesale-level data on Aclasta® between 2006 and 2016 
(personal communication with Kari Furu at the Norwegian 
Institute of Public Health, June 2022). After subtracting the 
DDDs accounted for in the NorPD from the total whole-
sale DDDs, the remaining Aclasta™ doses not accounted 
for would cover the treatment of 27 patients in 2006. This 
number increased gradually to 2323 patients in 2015 and 
further to 5100 patients in 2016. However, some of this will 
represent treatment after hip fractures, which is not covered 
by our study. Overall, this misclassified person-time would 
be a small fraction of all the person-time in our analysis.

Conclusion

In conclusion, this study indicates a protective effect against 
hip fracture of bisphosphonates and denosumab in the Nor-
wegian population of adult women. The findings indicate 
that if a larger proportion of those who have a high risk of 
hip fracture were to receive preventive medication, more hip 
fractures could presumably be avoided.
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