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Declining hip fracture burden 
in Sweden 1998–2019 
and consequences for projections 
through 2050
Karl Michaëlsson 1*, John A. Baron 1,2,3, Liisa Byberg 1, Susanna C. Larsson 1,4, 
Håkan Melhus 5 & Rolf Gedeborg 1

We aimed to estimate the absolute and age-standardized number of hip fractures in Sweden during 
the past two decades to produce time trends and future projections. We used nationwide register data 
from 1998 to 2019 and a validated algorithm to calculate the annual absolute and age-standardized 
number of incident hip fractures over time. The total hip fracture burden was 335,399 incident events 
over the 22 years, with a change from 16,180 in 1998 to 13,929 in 2019, a 14% decrease. One decade 
after the index hip fracture event, 80% of the patients had died, and 11% had a new hip fracture. After 
considering the steady growth of the older population, the decline in the age-standardized number 
of hip fractures from 1998 through 2019 was 29.2% (95% CI 28.1–30.2%) in women and 29.3% (95% CI 
27.5–30.7%) in men. With a continued similar reduction in hip fracture incidence, we can predict that 
14,800 hip fractures will occur in 2034 and 12,000 in 2050 despite doubling the oldest old (≥ 80 years). 
Without an algorithm, a naïve estimate of the total number of hip fractures over the study period was 
539,947, with a second 10-year hip fracture risk of 35%. We note an ongoing decline in the absolute 
and age-standardized actual number of hip fractures in Sweden, with consequences for future 
projections.

National medical databases and disease registers are crucial in determining disease burden and projecting future 
disease  occurrence1–3. For such purposes, high completeness and coding accuracy of register data are crucial. 
Equally important is correctly identifying incident events, separating complications from the index event, iden-
tifying actual relapsing cases, and avoiding counting readmissions or hospital transfers as occurrences of new 
disease. Myocardial  infarction4,  stroke5,  pneumonia6,  injuries7, and fragility  fractures7 are among several diseases 
that require careful algorithm application to avoid inaccurate estimates of disease burden.

Hip fracture is the most severe of all fragility fractures and almost always leads to hospitalization. This frac-
ture is associated with significant morbidity, increased mortality, and high societal  costs8, making it a priority 
for hospital registries. Worldwide, 1.6 million hip fractures are estimated to occur  annually8 at an average of 
80 years of age. They account for half of all fracture-related costs in aging  populations9,10. With the nearly com-
plete hospital database capture of hip fractures, they can help monitor disease burden and healthcare response 
after implementing clinical and organizational improvements in the care for the  elderly11,12.

Several studies have shown a marked variation worldwide in hip fracture incidence, with the highest rates 
reported in Sweden and other Scandinavian  countries13. A recent analysis based on national  databases14 fore-
casted a steep increase in fragility fracture burden in Scandinavia and most other European countries, with 30% 
more fractures in 2034 than in 2019. Older projections estimated a 2–3 times higher number of hip fractures in 
2050 than in  199015 and  200216. However, the validity of projections regarding hip fracture incidence depends on 
the accuracy of data inputs, which is often complicated by the original design of national databases that record 
healthcare encounters without distinguishing between multiple encounters for a single injury.
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To address this issue, we estimated the number of hip fractures in Sweden over the past two decades, calcu-
lated time trends, estimated 10-year risks of a new hip fracture, and made annual projections through 2050. This 
study demonstrates the potential problems with using national databases for incidence studies and highlights 
the importance of accurate data inputs in estimating hip fracture burden.

Methods
Hip fractures captured by a national register and development of our database
We estimated hip fracture rates and numbers of hip fractures from 1998 to 2019 using the Swedish National 
Patient Register (NPR), maintained by the Swedish National Board of Health and  Welfare1. The register has 
covered all inpatient care in Sweden since 1987. Swedish law mandates all private and publicly funded physicians 
and hospitals to deliver complete data to the NPR. The estimated positive predictive value for a first diagnosis 
of hip fracture in the NPR verified by hospital records ranges from 95 to 99%, depending on the  study1,17,18. The 
negative predictive value has been estimated to be 100%1,17,18. In addition to the unique personal identification 
number (PIN) that is given to all Swedish  citizens19, the register includes information on the primary diagnosis, 
secondary diagnoses, comorbidities, type of injury, surgical procedures, type of department, and type of admis-
sion (elective or urgent). No variable indicates whether the admission is the first (“index”) admission for an 
injury, transfer, or readmission for continuing care. Since 1997, the diagnoses have been coded according to the 
International Classification of Diseases version 10 (ICD-10; ICD-9 was previously used).

We used a database from the NPR covering all hospital admissions for injuries from 1998 to 2019. We addi-
tionally identified all previous injury admissions in 1987–1997 for these patients using the PIN for linkage. The 
NPR captures all publicly funded in-patient (and specialist outpatient) care in Sweden, including geriatric and 
rehabilitation ward admissions.

We identified possible hip fracture patients from 1997 to 2019 using ICD-10 codes S720, S721, or  S7227. In 
addition, national annual age- and sex-specific population numbers from the study period and the expected 
number of Swedish inhabitants through 2050 were retrieved from Statistics Sweden.

We used these data to conduct two sets of analyses, differing only in the definition of incident hip fractures. 
Our first set of analysis naïvely accepted as an incident fracture any hospitalization with one of the hip fracture 
codes enumerated above. In a parallel analysis, incident hip fracture events were identified using a previously 
developed and individual hospital-record-validated prediction  model7 identifying an incident injury. The model 
was developed for any injury admission but was separately validated for hip fractures. The probability for the 
admission being a readmission was calculated based on patient age, sex, type of admission (acute or elective), time 
interval from the previous injury admission, similar main diagnosis as previous admission (the first 4 positions 
in the ICD-10 main diagnoses being identical), and admission to a department for rehabilitation. The probability 
cut-off of 0.4932 to identify incident admissions was optimal from the receiver operating characteristic curve in 
the validation study. This model omitted readmissions after a previous “index” injury, although the admission 
had been coded as an acute hip  fracture7.

Our national database from the NPR, combined with our algorithm, shows that only 1.6% of hip fractures 
in 1998–2019 occurred before age 50. Because fractures coded as hip fractures in younger generations have a 
different etiology than those at older  ages20,21, we restricted our analyses to women and men > 50 years.

Description of the algorithm and code used to identify incident hip fractures
Derivation and validation of the prediction model variables and their multiplicative interactions used logistic 
regression modeling to develop a prediction model that could separate incident hospital admissions from read-
missions. The algorithm is based on age, sex, diagnoses, time intervals between admissions, type of admission, 
type of injury, and type of hospital  department7—the derived SAS code appears in Supplementary file 1. The 
model was developed and validated using data representative of the Swedish national  population7 after identi-
fying correctly classified incident hip fractures based on individual hospital records  review7. One key point is 
that cases in which a patient’s discharge was followed by a new admission dated within one day were classified 
as transfers between departments or hospitals and counted as one fracture episode. By applying the model on 
a separate dataset by data  split7, we could evaluate and quantify the model’s performance, enabling sensitivity 
analysis to illustrate the effect of misclassification. Based on the separate validation data set, the model has 96% 
sensitivity for incident hip fracture in patients hospitalized due to injury and 96%  specificity7.

In a complementary analysis the hip fracture admissions predicted as incident were also checked for the pres-
ence of surgical procedure codes for hip fracture surgery (Swedish national procedure codes for external traction 
[TNX40], reposition, fixation or osteosynthesis [NFJ09–NFJ99], or primary arthroplasty [NFB09–NFB99]). Of 
note, some Swedish regions have in periods not reported all hip fracture-related surgical procedure codes to 
the NPR.

Statistical analysis
Our study was conducted through four interconnected statistical analyses. Our initial analysis compared the 
annual number of algorithm-estimated incident hip fracture admissions from 1998 to 2019 with estimates 
generated by the naïve approach (including hospital transfers, readmissions, and complications). In sensitivity 
analyses, we examined combinations of primary diagnosis, secondary diagnoses, and hospitalization sequences 
in each chain (within ≤ 1 day) of hospitalizations to identify incident fractures.

In addition, our results were compared to the official annual number of hip fractures presented by the Swed-
ish National Board of Health and Welfare (https:// www. socia lstyr elsen. se/ en). Their SAS code for hip fracture 
ascertainment can be found in Supplementary File 2. The underlying assumption for the official statistics is that 
an individual recorded with one or more care events, including an ICD code for hip fracture in a given year, is 
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classified as having had one incident hip fracture in that year. Each care event that includes an ICD code for hip 
fracture is counted as an incident case, even though the patient could have been treated for a complication after 
a previous year’s hip fracture or had a hospital transfer near the turn of the year. Although the event contains an 
ICD complication code and a code for a hip fracture, this event is counted as a new hip fracture. On the other 
hand, patients who sustained two incident hip fractures during the same year are classified with only one hip 
fracture; the authority officially presents the number of hip fractures annually using 3-year moving averages.

Second, we evaluated the cumulative incidence of a new hip fracture after an index hip fracture event for 
the whole study period and within two time windows: 1998–2008 and 2009–2019, the latter a period with more 
substantial national secondary prevention  initiatives22. We performed this analysis using three approaches: (1) 
the algorithm identification of each new hip fracture; (2) the naïve approach for a new hip fracture case identifica-
tion; and (3) the naïve approach but with exclusions of a new admission dated within one day after the incident 
hip fracture event. Because death rates are high after a hip fracture event, which affects the likelihood of a new 
hip  fracture23, we used individual linkage to the Swedish Cause of Death  Register24 to enable consideration of 
death as a competing event.

Third, we assessed age- and sex-standardized trends in the numbers of hip fractures during the period 
1998–2019. For each calendar year, we computed age- and sex-specific hip fracture rates, using age strata 50–65, 
65–69, 70–74, 75–79, 80–84, 85–89, 90–94, ≥ 95 years, based on algorithm-estimated number of fractures and 
annual age-and sex-specific population data from Statistics Sweden. These incidence rates were used to calculate 
age-standardized annual numbers and relative changes in hip fractures using direct standardization with the 2019 
population as a reference. For the estimated proportional change from 1998 to 2019, 95% confidence intervals 
were derived with the percentile method from bootstrapping with 1000 replications.

Fourth, projections of hip fracture numbers from 2020 to 2050 were made under three assumptions: (1) a 
continued annual decline in hip fracture rates from 2020 through 2050 corresponding to the average annual 
percent change in 1998 to 2019; (2) rates constant from 2019 and onwards; and (3) a combination of scenario 
1 and 2 with a continued downward trend in hip fracture rates from 2020 through 2029 followed by no further 
change. The rates were calculated by 5-year age bands and sex and applied to projected population numbers from 
Statistics Sweden. We displayed the population statistics in absolute numbers as supplementary information and 
relative changes by sex and age (50–74 and ≥ 75 years) from 1998 to 2050.

SAS version 9.4 was used for initial data management, and R version 4.3.0 was used to calculate incidence 
estimates. Cumulative incidence was plotted using subdistribution functions in competing  risks25, as imple-
mented in the R package cmprsk (version 2.2-11).

Ethical approval
The study was approved by the Swedish Ethical Review Authority (No 2020-03336).

Results
In the analysis that accepted any diagnosis of hip fracture, there were 539,947 separate hip fracture admissions 
from 1998 to 2019 in individuals > 50 years, 366,787 in women, and 173,160 in men. In contrast, the numbers 
from our algorithm were considerably lower: 335,399 hip fractures (234,475 for women and 100,924 for men). 
The naïve analysis overestimated the number of hip fractures by 56% in women and 72% in men. Official statis-
tics from the Swedish National Board of Health and Welfare claim 367,697 hip fractures from the 22-year study 
period, 112,824 in men and 254,830 in women, i.e., 12 and 9% higher than our algorithm-derived numbers.

Our algorithm identified 16,180 hip fracture cases over age 50 in Sweden in 1998 (Fig. 1), declining to 13,929 
in 2019, a 14% decrease. This reduction was due entirely to trends in women, with a 21% reduction in hip frac-
tures versus a slight increase in men. The relative decline in hip fractures between 2019 and 1998 is comparable 
to those estimated using the naïve hip fracture identification approach (17% reduction) or official statistics from 
the Swedish National Board of Health and Welfare (13% reduction).

We additionally evaluated the risks of a second hip fracture. Within the first decade after an index hip fracture 
event, about 80% of hip fracture patients had died, and 11% had suffered a new hip fracture (Fig. 2). This pattern 
was evident (Supplementary Fig. 1) from the first half (1998–2008) and the second half of the observational 
period (2009–2019). In contrast, using a naïve approach, the proportion of patients with a second hip fracture 
from the first decade after the index hip fracture increased to 35% (Supplementary Fig. 2), an apparent tripling 
compared to the results based on our algorithm. If we used the naïve approach but ruled out adjacent admis-
sions as unique cases, the 10-year risk of a new hip fracture was estimated to be 18% (Supplementary Fig. 3).

To better interpret the alterations in the number of hip fractures, we need to consider changes in age-specific 
incidence using the population’s age-, sex- and year-specific structure. Between 1998 and 2019, the life expec-
tancy of a 65-year-old Swede increased by 2.0 years in women and 3.2 years in men. During the same period, 
we observed a continuously increasing mean age at hip fracture, reaching 83.5 years in women and 80.7 years 
in men (Supplementary Fig. 4). In our Swedish setting, approximately 80% of all hip fractures occurred after 
75 years (82% in women and 76% in men). Compared to 1998, the number of individuals 75 + years in 2019 
had increased by 24%, with a moderate 13% increase in women compared to 41% in men in this age category.

The aging Swedish population would increase the number of hip fractures. Still, the decreases in age-specific 
fracture rates during 1998–2019 (Fig. 3) and overall incidences during 1998–2019 (actual, age-standardized, 
actual combined with a surgical procedure code, actual incidences including estimated readmissions, and naïve 
incidences) in Fig. 4) more than compensated for this, as shown by the dramatic decline in the age-standardized 
number of hip fractures over time (Fig. 5). With the population in 2019 as a reference, there was a 29.2% (95% 
CI 28.1–30.2) reduction in the age-standardized number of hip fractures from 1998 through 2019 in women 
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and a corresponding reduction of 29.3% (95% CI 27.5–30.7) in men. This corresponds to about 6000 fewer hip 
fractures in 2019 compared to 1998 if the age-sex population structure had been identical.

There is an expected continued demographic trend towards an older population in Sweden. From 2020 to 
2050, the number of Swedish citizens > 75 years is projected to increase by 45%. The relative increase will be more 
pronounced in men, although the absolute number of older women will continue to be higher (Supplementary 
Fig. 5). Assuming the average proportional decline in hip fracture incidence from 1998 to 2019 continues from 
2020 to 2050, and using the population changes projected by Statistics Sweden, we estimate the absolute number 
of hip fractures in 2050 will fall to less than 12,000 per year (Fig. 6, dashed lines). The total number of hip frac-
tures in men will approach those in women. By contrast, if the decline in hip fracture rates does not continue, 
we can naturally expect an increase in the total number of hip fracture events because of the growing number 
of older individuals, bringing the total to about 22,000 in 2050 (Fig. 6, dotted lines). In the third intermediate 
scenario, there would be approximately 18,500 hip fractures annually in 2050 (Fig. 6, dash-dot lines). In a 15-year 
projection from 2019, the number of hip fractures expected in 2034 would be 14,380 under scenario 1, 19,200 
under scenario 2, and 16,300 under scenario 3.

Sensitivity analyses
In a sensitivity analysis (Supplementary Fig. 6), the algorithm estimates of the number of hip fractures were 
similar irrespective of whether we considered only the primary diagnosis at the first hospitalization in each 
unique chain of hospitalizations, the primary diagnosis at any hospitalization in each chain, or if we used pri-
mary or secondary diagnoses (but not both) in each chain of hospitalizations. This congruence in estimates was 
observed in women and men. Regardless of the method, there was a steady decline in incidence in both sexes 
from 1998 to 2019 (Supplementary Fig. 6). There was regional variability but a consistent decline in regional 
incidence overall (Supplementary Fig. 7). Using the prediction model to identify incident hip fractures, 0.46% 
(953/207,982) of female subjects and 0.38% (353/92,036) of male subjects were registered with > 2 hip fractures. 
We also performed a complementary analysis looking at the proportion of predicted incident hip fracture admis-
sions that were and were not associated with a surgical procedure code for hip fracture surgery. In women, the 
proportion of predicted incident admissions not having an associated surgical procedure code decreased over 
time from 14.2% in 1998 to 5.3% in 2019. In men there was a similar decrease from 15.6% in 1998 to 6.9% in 2019.

Discussion
This study demonstrates that declining incidence rates of hip fractures have more than offset the aging Swedish 
population, resulting in a marked decrease in the number of hip fractures in Sweden since 1998. With age- and 
sex-standardized calculations, the reduction is approximately 30%. We also show that incident hip fractures and 

Figure 1.  The algorithm-based actual number of hip fractures in Sweden from 1998 through 2019 in women 
and men > 50 years, overall (solid black line) and by sex (light grey = women dark grey = men). The dashed lines 
refer to the yearly number of hip fractures, according to official statistics from the Swedish National Board of 
Health and Welfare. The black dotted line illustrates the naïve analysis, with the overall number of hip fracture 
diagnoses each year recorded in the national Swedish Patient Register.
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recurrent hip fracture events in Sweden can be substantially over-reported without careful use of population 
fracture data. This is the first investigation to use an individual hospital-record-validated algorithm to identify 
incident hip fracture cases to describe the national burden of hip fracture in Sweden.

Our findings corroborate previous reports of a continuous decline in age-standardized actual hip fracture 
incidence in Swedish women and  men26. These authors used individually hospital-record validated data from 
northern Sweden, though only from 1993 to  200526. Norwegian investigators have similarly observed a decline 
in age-standardized hip fracture incidence from 1999 to 2013 using a careful  methodology27. Other Nordic 
studies using less formal methods have also seen downward trends in recent  years28–32. Three of the studies used 
only first hip fracture events to calculate incidence  trends3–5. Rosengren et al.6 combined an annual ICD code 
for proximal femoral fracture and a relevant surgical procedural code to identify an incident hip fracture. Thus, 
the patient could not have had two hip fractures in the same calendar year. With this approach, there is also the 
problem with underreporting procedure codes in the Swedish National Patient Register, leading to neglecting 
actual hip fracture events. In addition, inpatient-treated complications after a hip fracture are not uncommon, 
and problematically, many of the complications are coded in combination with a hip fracture code. Rosengren’s 
approach will accordingly misclassify a miscoded complication as a new hip fracture if the secondary surgery is 
performed the following year. Meyer et al. used first hip fractures, and in addition, hip fracture codes more than 
two weeks after a previous hospital admission for hip fracture were considered recurrent hip fracture  events7. 
Furthermore, in several of the  studies3,5–7, it is unclear, from the Methods descriptions, whether only the main 
diagnosis in the patient register was used or also secondary diagnoses codes. We observed a downward trend 
in hip fracture events irrespective of how fractures were ascertained. We found it with a naïve analysis, official 
Swedish statistics, and our more accurate algorithm-based approach. The same downward trend has been seen in 
other European  settings33–36, while trends have plateaued in North  America37. In contrast, hip fracture rates are 
increasing in  Asia38–41. The present study also confirmed previous reports with careful identification of incident 
hip fracture  events42–44 that only about 10% of hip fracture patients have a second hip fracture within ten years, 
and high mortality rates may largely explain this moderate risk following a hip  fracture23,45.

Multiple potential causes may explain the downward trend in Swedish hip fracture rates, including a more 
healthy lifestyle with the avoidance of sedentary  behavior46,47, a reduction in cigarette smoking (down to a 6% 
prevalence in recent  years48), and healthier dietary  habits49–53. Moreover, there have been increases in body 
 weight54–56 and more common use of hip arthroplasties, precluding hip fracture  injuries57. Positive, healthy 
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lifestyle trends are likely to continue in Nordic countries, with strong influences from different authorities advo-
cating and instructing the inhabitants on how to live a healthy life—the Nordic nutritional recommendations 
are just one  example58.

Other factors may have played a role in lowering hip fracture rates. Because of a possible direct causal link 
between cardiovascular diseases and the risk of hip  fracture59, the 40% reduction in both ischemic heart  disease60 
and  stroke61 incidence in Sweden during the past two decades may also have contributed to the reduced hip 
fracture burden. Increases in cataract surgery in  Sweden62 could reduce the risk of falls and subsequent hip 
 fractures63.

Some may argue that preventing fractures by bone-specific drugs and Fracture Liaison  Services22,64,65 should 
have affected the number of hip fractures. However, from 2005 to 2020, among Swedish women older than 55, 
the prevalence of bisphosphonate users decreased from 4.9 to 3.6%, while in men, the corresponding proportion 
was approximately 1%. This pattern is unlikely to substantially affect hip fracture rates at a population  level66. 
Moreover, we found a similar age-adjusted decrease in hip fracture in men and women, even though women 
have a higher frequency of bone-specific drug treatment. Over the past decade, denosumab has been introduced 
as an additional bone-specific drug. In 2019, approximately 0.7% of all women and 0.1% of all men > 55 years 
were prescribed the medication. Finally, our results show a decline in age-adjusted hip fracture burden before 
initiating the Fracture Liaison Services in 2012. The proportion of patients with a new hip fracture remained 
stable during our study period.

A non-clinical factor contributing to the declining hip fracture rates might be that in Sweden, the immigrant 
population has grown in recent decades [Statistics Sweden; https:// www. scb. se/], and many have moved from 
settings with a lower risk of fractures than in Scandinavia. From 2000 through 2019, the proportion of foreign-
born women and men > 75 years in Sweden increased from 7 to 12%. The immigration impact on hip fracture 
rates is, therefore, likely modest.

Compared with our individual hospital-record validated algorithm to identify the number of incident hip 
fracture cases, the burden of hip fractures in Sweden seems to have been overestimated in several previous 
 reports13–15. These estimates, together with the fact that lowered time trends in hip fracture rates should have 
been taken into account, have also led to inflated projections of future risk. Our 2034 and 2050 projections 
sharply contrast previous  estimates10,16,67,68. We estimate that the number of hip fractures in 2050 will be lower 
despite a growing number of older adults if the incidence trends we observed in the past two decades continue 
into the mid-century.

Our results are of importance to clinicians. At first glance, the presentation of naïve fracture number estimates, 
in addition to the accurately calculated numbers, seems unnecessary. However, such high incidence estimates 
that apparently do not fully restrict the count to incident fracture  events14 are used in the widely adopted fracture 
risk calculator,  FRAX14, likely overestimating the FRAX 10-year risk of hip fracture for individual patients. The 
reported Swedish incidence of hip fracture in 2020 for the population aged 50–89 years of  age14 corresponds 
to 20,650 Swedish hip fractures, approximately 50% higher than our algorithm-based actual estimate—even 

Figure 3.  Percent change in annual hip fracture incidence rates from 1998 to 2019 in women and men 
> 50 years by sex (women = light grey, men = dark grey) and age.

https://www.scb.se/


7

Vol.:(0123456789)

Scientific Reports |          (2024) 14:706  | https://doi.org/10.1038/s41598-024-51363-6

www.nature.com/scientificreports/

though we also included hip fractures in the oldest old of 90+ years, a group excluded from the figures in Kanis’ 
 publication14. Based on our data, these cases among those aged 90 years or older contribute 27% of all inci-
dent hip fractures in women and 19% in men. As a comparison, our naïve estimate for 2020 is 20,176 Swedish 
hip fractures, including women and men aged 50 years or older, while the actual numbers, according to our 
algorithm-based calculation, are > 6000 fewer hip fracture cases.

Moreover, the ratio between Swedish hip fracture rates and those of other types of fragility fractures is used 
in the FRAX calculations for countries without complete register  information69,70. The overestimation of Swedish 
incident hip fracture numbers may, therefore, also be a concern for other countries.

Similarly, FRAX seems to provide high 10-year risks for a second hip fracture. We used the online FRAX 
calculator and computed the 10-year FRAX probability of a hip fracture for Swedish women aged 80–85 years 
of average height and weight and with a previous fracture of any type but without any other risk factors. The 
estimate is 20–22%, considerably higher than those we and other researchers estimated using population-based 
 databases42–44. In addition, according to the FRAX calculator, the 10-year risk of hip fracture is greater than 50% 
in that clinical setting if there is additionally a parental history of hip fracture, a marker of risk inferior to the 
patient’s history of a previous hip fracture. The present study  confirmed42–44 that only about 10% of hip fracture 
patients have a second hip fracture within 10 years, and high mortality rates may largely explain this moderate 
risk following a hip  fracture23,45.

The validity of our calculated number of hip fractures has been confirmed by manual case identification 
using individual patient hospital records in localized regions in Sweden and with external validity to national 
 data26,71. However, whether the potential for substantial overestimation of fracture risk from national databases 
can be generalized to settings outside Sweden requires detailed validation of the case identification algorithms 
(if any) used. In addition to our algorithm for identifying incident injury  cases7, our study is strengthened by the 
national population-based design and individual-based register data linked using the Swedish PIN. The trend 
of lower hip fracture rates is gratifying, but our study design cannot decipher which individual lifestyle factors 
have most tangibly driven this development.

Figure 4.  Hip fracture incidence from 1998 through 2019: (1) estimated by a prediction algorithm for incident 
fracture events and observed population structure (cross); (2) estimated by a naïve incidence calculation of all 
admissions and observed population structure (filled triangle); (3) estimated using prediction algorithm rates 
with age-standardization (to the population structure as of 2019) predicted incident admission (filled square); 
(4) estimated using a prediction algorithm for incident fracture events and in addition, predicted readmissions 
with the observed population structure (filled circle); and (5) estimated by a prediction algorithm for incident 
fracture events combined with a surgical procedure code with the observed population structure (checked box).
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The methodological issues we faced in ascertaining hip fracture cases in a large population are relevant for 
other disease endpoints for which it is essential to identify incident cases of disease, e.g., myocardial  infarction4,72, 
 stroke5,73, colorectal  cancer74,  pneumonia6, and different types of  injuries7. Methodology for accurate estimates 
requires an ascertainment algorithm validated against individual medical records. Using raw register data may 
result in serious bias. Many difficulties can be overcome in databases with unique PINs that enable reliable record 
linkage. This linkage allows for multiple medical encounters to be used to identify incident disease events, avoid-
ing double counting. The issues we describe are even more critical when using administrative databases, such as 
those from Medicare in the US, without direct individual  identifiers75,76.

The potential limitations of the methods used in this study should be recognized. The extent of coding errors 
in the Patient Register is diagnosis-dependent, and the potential impact on hip fracture diagnoses recorded 
over the long study period is  unknown77. The prediction model used to identify incident injuries will inevitably 
result in some residual misclassification. Less than 0.5% of subjects were registered with > 2 hip fractures, a 
potential limitation but also a clinical possibility since the patient could first have had a cervical hip fracture 
and later a sub- or pertrochanteric hip fracture. Similarly, a fraction of predicted admissions did not have an 
associated procedure code for hip fracture surgery reported, which is indicative of misclassification in the NPR. 
Our algorithm did not involve procedure codes, and given the degree of missingness, we do not recommend the 
approach to identify an incident Swedish hip fracture by combining a hip fracture code and a surgical procedure 
code. We have tried to address the remaining misclassification by presenting alternative methods to estimate the 
number of hip fractures, thereby contextualizing this concern. The uncertainty of projections is inevitable, and 
they should be interpreted cautiously.

Our findings show a substantial recent over-reporting of hip fractures in  Sweden14. In addition, over the past 
two decades, there has been a continued decline in the overall and age-standardized number of hip fractures 
in Sweden. Accordingly, Sweden’s future hip fracture burden will almost certainly be lower than previously 
 calculated14–16. This lower fracture incidence will affect health economic analyses and fracture prediction tools 
in Sweden and other countries.

Figure 5.  Age-standardized annual number of hip fractures (primary vertical axis) from 1998 through 2019 
with direct standardization to the population of 2019. The light gray area represents women, and the dark grey 
area represents men. The percentage change (secondary vertical axis) in the age-standardized number of hip 
fractures from 1998 (reference) through 2019 is displayed as solid lines. The overall results are shown as a solid 
black line, a solid light gray line representing women, and a dark gray line representing men.
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Data availability
The SAS code for calculating incident injuries, including hip fractures, can be found in Supplementary File 
1. The datasets analyzed during the current study are not publicly available because the data contain sensitive 
personal information, and such data cannot be publicly available according to the EU’s General Data Protection 
Regulation. Data are, however, available upon ethical approval and application to the Swedish National Board 
of Health and Welfare.

Received: 11 April 2023; Accepted: 4 January 2024

References
 1. Ludvigsson, J. F. et al. External review and validation of the Swedish national inpatient register. BMC Public Health 11, 450 (2011).
 2. Calltorp, J. et al. Country profile: Sweden. Lancet 347(9001), 587–594 (1996).
 3. Thygesen, L. C. & Ersboll, A. K. When the entire population is the sample: Strengths and limitations in register-based epidemiol-

ogy. Eur. J. Epidemiol. 29(8), 551–558 (2014).
 4. Modig, K., Berglund, A., Talback, M., Ljung, R. & Ahlbom, A. Estimating incidence and prevalence from population registers: 

Example from myocardial infarction. Scand. J. Public Health. 45(17), 5–13 (2017).
 5. Ellekjaer, H., Holmen, J., Kruger, O. & Terent, A. Identification of incident stroke in Norway: Hospital discharge data compared 

with a population-based stroke register. Stroke. 30(1), 56–60 (1999).
 6. Naucler, P. et al. The changing epidemiology of community-acquired pneumonia: Nationwide register-based study in Sweden. J. 

Intern. Med. 286(6), 689–701 (2019).
 7. Gedeborg, R., Engquist, H., Berglund, L. & Michaelsson, K. Identification of incident injuries in hospital discharge registers. 

Epidemiology. 19(6), 860–867 (2008).
 8. Riggs, B. L. & Melton, L. J. The prevention and treatment of osteoporosis. N. Engl. J. Med. 327, 620–627 (1992).
 9. Kanis, J. A. et al. The burden of osteoporotic fractures: A method for setting intervention thresholds. Osteoporos. Int. 12(5), 417–427 

(2001).
 10. Hernlund, E. et al. Osteoporosis in the European Union: Medical management, epidemiology and economic burden. A report 

prepared in collaboration with the International Osteoporosis Foundation (IOF) and the European Federation of Pharmaceutical 
Industry Associations (EFPIA). Arch. Osteoporosis. 8(1–2), 136 (2013).

 11. Qureshi, A. & Gwyn, S. D. Growing knowledge about hip fracture in older people. Age Ageing. 32(1), 8–9 (2003).

Figure 6.  The actual number of hip fractures in Sweden from 1998 through 2019 in women and men > 50 years, 
displayed overall (black line) and by sex (light grey = women dark grey = men). Shown are also projections 
through 2050 assuming a continued decline in incidence (dashed lines), a continued decline in incidence 
through 2029, and after that, no further reduction in the incidence (combined dashed and dotted lines) or no 
further decrease in the incidence (dotted lines).



10

Vol:.(1234567890)

Scientific Reports |          (2024) 14:706  | https://doi.org/10.1038/s41598-024-51363-6

www.nature.com/scientificreports/

 12. Nordstrom, P., Gustafson, Y., Michaelsson, K. & Nordstrom, A. Length of hospital stay after hip fracture and short term risk of 
death after discharge: A total cohort study in Sweden. BMJ. 350, h696 (2015).

 13. Johnell, O., Gullberg, B., Allander, E. & Kanis, J. A. The apparent incidence of hip fracture in Europe: A study of national register 
sources. Osteoporos Int. 2, 298–302 (1992).

 14. Kanis, J. A. et al. SCOPE 2021: A new scorecard for osteoporosis in Europe. Arch. Osteoporosis. 16(1), 82 (2021).
 15. Gullberg, B., Johnell, O. & Kanis, J. A. World-wide projections for hip fracture. Osteoporos Int. 7(5), 407–413 (1997).
 16. Rosengren, B. E. & Karlsson, M. K. The annual number of hip fractures in Sweden will double from year 2002 to 2050: Projections 

based on local and nationwide data. Acta Orthop. 85(3), 234–237 (2014).
 17. Michaelsson, K. et al. Hormone replacement therapy and risk of hip fracture: Population based case-control study. The Swedish 

Hip Fracture Study Group. BMJ. 316(7148), 1858–1863 (1998).
 18. Michaëlsson, K., Melhus, H., Ferm, H., Ahlbom, A. & Pedersen, N. L. Genetic liability to fractures in the elderly. Arch. Intern. Med. 

165(16), 1825–1830 (2005).
 19. Ludvigsson, J. F., Otterblad-Olausson, P., Pettersson, B. U. & Ekbom, A. The Swedish personal identity number: Possibilities and 

pitfalls in healthcare and medical research. Eur. J. Epidemiol. 24(11), 659–667 (2009).
 20. Robinson, C. M., Court-Brown, C. M., McQueen, M. M. & Christie, J. Hip fractures in adults younger than 50 years of age. Epi-

demiology and results. Clin. Orthop. Relat. Res. 312, 238–246 (1995).
 21. Verettas, D. A., Galanis, B., Kazakos, K., Hatziyiannakis, A. & Kotsios, E. Fractures of the proximal part of the femur in patients 

under 50 years of age. Injury. 33(1), 41–45 (2002).
 22. Andreasen, C. et al. Effect of a fracture liaison service on the rate of subsequent fracture among patients with a fragility fracture 

in the Norwegian Capture the Fracture Initiative (NoFRACT): A trial protocol. JAMA Netw. Open. 1(8), e185701 (2018).
 23. Michaelsson, K. et al. Impact of hip fracture on mortality: A cohort study in hip fracture discordant identical twins. J. Bone Miner. 

Res. 29(2), 424–431 (2014).
 24. Brooke, H. L. et al. The Swedish cause of death register. Eur. J. Epidemiol. 32(9), 765–773 (2017).
 25. Gray, R. J. A class of K-sample tests for comparing the cumulative incidence of a competing risk. Ann. Statistics. 16(3), 1141–1154 

(1988).
 26. Bergstrom, U. et al. The hip fracture incidence curve is shifting to the right. Acta Orthop. 80(5), 520–524 (2009).
 27. Sogaard, A. J. et al. Continued decline in hip fracture incidence in Norway: A NOREPOS study. Osteoporos Int. 27(7), 2217–2222 

(2016).
 28. Nordstrom, P., Bergman, J., Ballin, M. & Nordstrom, A. Trends in hip fracture incidence, length of hospital stay, and 30-day 

mortality in Sweden from 1998–2017: A nationwide cohort study. Calcif. Tissue Int. 111(1), 21–28 (2022).
 29. Rosengren, B. E., Bjork, J., Cooper, C. & Abrahamsen, B. Recent hip fracture trends in Sweden and Denmark with age-period-

cohort effects. Osteoporos Int. 28(1), 139–149 (2017).
 30. Meyer, A. C. et al. Trends in hip fracture incidence, recurrence, and survival by education and comorbidity: A Swedish Register-

based Study. Epidemiology. 32(3), 425–433 (2021).
 31. Karampampa, K. et al. Declining incidence trends for hip fractures have not been accompanied by improvements in lifetime risk 

or post-fracture survival—A nationwide study of the Swedish population 60 years and older. Bone. 78, 55–61 (2015).
 32. Pekonen, S. R., Kopra, J., Kröger, H., Rikkonen, T. & Sund, R. Regional and gender-specific analyses give new perspectives for 

secular trend in hip fracture incidence. Osteoporosis Int. 32(9), 1725–1733 (2021).
 33. Longo, U.G., Vigano, M., de Girolamo, L., Banfi, G., Salvatore, G., Denaro, V. Epidemiology and management of proximal femoral 

fractures in Italy between 2001 and 2016 in older adults: Analysis of the National Discharge Registry. Int. J. Environ. Res. Public 
Health. 19(24), 1–12. https:// doi. org/ 10. 3390/ ijerp h1924 16985 (2022).

 34. Unim, B. et al. Trends in hip and distal femoral fracture rates in Italy from 2007 to 2017. Bone. 142, 115752 (2021).
 35. Jedynasty, K., Zieba, M., Adamski, J., Czech, M., Gluszko, P., Gozdowski, D., et al. Seasonally dependent change of the number of 

fractures after 50 years of age in poland-analysis of combined health care and climate datasets. Int. J. Environ. Res. Public Health. 
19(15), 1–13. https:// doi. org/ 10. 3390/ ijerp h1915 9467(2022).

 36. Lippuner, K., Rimmer, G., Stuck, A. K., Schwab, P. & Bock, O. Hospitalizations for major osteoporotic fractures in Switzerland: A 
long-term trend analysis between 1998 and 2018. Osteoporos Int. 33(11), 2327–2335 (2022).

 37. Lewiecki, E. M. et al. Osteoporotic fracture trends in a population of US managed care enrollees from 2007 to 2017. Osteoporos 
Int. 31(7), 1299–1304 (2020).

 38. Shoji, A., Gao, Z., Arai, K. & Yoshimura, N. 30-year trends of hip and vertebral fracture incidence in Japan: A systematic review 
and meta-analysis. J. Bone Miner. Metab. 40(2), 327–336 (2022).

 39. Kawaji, H., Ishii, M., Sasaki, K., Takakubo, Y., Ishikawa, H., Takagi, M. Decennial trends in hip fractures over 20 years in Yamagata 
Prefecture, Japan. J. Orthop. Sci. 28, 621–626 (2022).

 40. Dong, Y., Zhang, Y., Song, K., Kang, H., Ye, D., Li, F. What was the epidemiology and global burden of disease of hip fractures 
from 1990 to 2019? Results from and additional analysis of the global burden of disease study 2019. Clin. Orthop. Relat. Res. 
481(6):1209–1220 (2023).

 41. Hou, X. L. et al. Secular trends of incidence and hospitalization cost of hip fracture in Tangshan, China. Osteoporos Int. 33(1), 
89–96 (2022).

 42. Melton, L. J. 3rd. et al. Secular trends in hip fracture incidence and recurrence. Osteoporos Int. 20(5), 687–694 (2009).
 43. Center, J. R., Bliuc, D., Nguyen, T. V. & Eisman, J. A. Risk of subsequent fracture after low-trauma fracture in men and women. 

JAMA. 297(4), 387–394 (2007).
 44. Omsland, T. K. et al. Ten-year risk of second hip fracture. A NOREPOS study. Bone. 52(1), 493–497 (2013).
 45. Lyles, K. W. et al. Zoledronic acid and clinical fractures and mortality after hip fracture. N. Engl. J. Med. 357(18), 1799–1809 (2007).
 46. Stattin, K. et al. Decreased hip, lower leg, and humeral fractures but increased forearm fractures in highly active individuals. J. 

Bone Miner. Res. 33(10), 1842–1850 (2018).
 47. Stattin, K., Michaelsson, K., Larsson, S. C., Wolk, A. & Byberg, L. Leisure-time physical activity and risk of fracture: A cohort study 

of 66,940 men and women. J. Bone Miner. Res. 32(8), 1599–1606 (2017).
 48. Olofsson, H. et al. Smoking and the risk of fracture in older men. J. Bone Miner. Res. 20(7), 1208–1215 (2005).
 49. Byberg, L., Bellavia, A., Orsini, N., Wolk, A. & Michaelsson, K. Fruit and vegetable intake and risk of hip fracture: A cohort study 

of Swedish men and women. J. Bone Miner. Res. 30(6), 976–984 (2015).
 50. Michaelsson, K. et al. Milk intake and risk of mortality and fractures in women and men: Cohort studies. BMJ. 349, g6015 (2014).
 51. Michaelsson, K., Wolk, A., Lemming, E. W., Melhus, H. & Byberg, L. Intake of milk or fermented milk combined with fruit and 

vegetable consumption in relation to hip fracture rates: A Cohort Study of Swedish Women. J. Bone Miner. Res. 33(3), 449–457 
(2018).

 52. Melhus, H. et al. Excessive dietary intake of vitamin A is associated with reduced bone mineral density and increased risk for hip 
fracture. Ann. Intern. Med. 129(10), 770–778 (1998).

 53. Michaelsson, K., Lithell, H., Vessby, B. & Melhus, H. Serum retinol levels and the risk of fracture. N. Engl. J. Med. 348(4), 287–294 
(2003).

 54. Farahmand, B. Y., Michaëlsson, K., Baron, J. A., Persson, P. G. & Ljunghall, S. Body size and hip fracture risk. Swedish Hip Fracture 
Study Group. Epidemiology. 11(2), 214–219 (2000).

https://doi.org/10.3390/ijerph192416985
https://doi.org/10.3390/ijerph19159467


11

Vol.:(0123456789)

Scientific Reports |          (2024) 14:706  | https://doi.org/10.1038/s41598-024-51363-6

www.nature.com/scientificreports/

 55. Zheng, R. et al. Prior loss of body mass index, low body mass index, and central obesity independently contribute to higher rates 
of fractures in elderly women and men. J. Bone Miner. Res. 36(7), 1288–1299 (2021).

 56. Rikkonen, T. et al. Obesity is associated with early hip fracture risk in postmenopausal women: A 25-year follow-up. Osteoporosis 
Int. 32(4), 769–777 (2021).

 57. Kjeldgaard, H.K., Meyer, H.E., O’Flaherty, M., Apalset, E.M., Dahl, C., Emaus, N., et al. Impact of total hip replacements on the 
incidence of hip fractures in Norway during 1999–2019. A NOREPOS study. J. Bone Miner. Res. 37(10), 1936–1943 (2022).

 58. Christensen, J. J. et al. principles and methodologies. Food Nutr. Res. 2020, 64 (2022).
 59. Sennerby, U. et al. Cardiovascular diseases and risk of hip fracture. JAMA. 302(15), 1666–1673 (2009).
 60. Journath, G. et al. Time trends in incidence and mortality of acute myocardial infarction, and all-cause mortality following a 

cardiovascular prevention program in Sweden. PLoS One. 10(11), e0140201 (2015).
 61. Rosengren, A. et al. Twenty-four-year trends in the incidence of ischemic stroke in Sweden from 1987 to 2010. Stroke. 44(9), 

2388–2393 (2013).
 62. The Swedish National Cataract Register. https:// rcsyd. se/ katar aktreg/.
 63. Gutierrez-Robledo, L. M. et al. Effect of cataract surgery on frequency of falls among older persons: A systematic review and 

meta-analysis. J Ophthalmol. 2021, 2169571 (2021).
 64. Geiger, I. et al. Implementation of an integrated care programme to avoid fragility fractures of the hip in older adults in 18 Bavar-

ian hospitals—Study protocol for the cluster-randomised controlled fracture liaison service FLS-CARE. BMC Geriatr. 21(1), 43 
(2021).

 65. Wu, C. H. et al. Fracture liaison services improve outcomes of patients with osteoporosis-related fractures: A systematic literature 
review and meta-analysis. Bone. 111, 92–100 (2018).

 66. Abrahamsen, B. & Vestergaard, P. Declining incidence of hip fractures and the extent of use of anti-osteoporotic therapy in Den-
mark 1997–2006. Osteoporos Int. 21(3), 373–380 (2010).

 67. Svedbom, A. et al. Osteoporosis in the European Union: A compendium of country-specific reports. Arch. Osteoporosis. 8(1–2), 
137 (2013).

 68. Cooper, C., Campion, G. & Melton, L. J. Hip fractures in the elderly: A world-wide projection. Osteoporos Int. 2, 285–289 (1992).
 69. Kebaetse, M. et al. A country-specific FRAX model for Botswana. Arch. Osteoporosis. 16(1), 90 (2021).
 70. Saleh, Y. A. L. et al. Incidence of hip fracture in Saudi Arabia and the development of a FRAX model. Arch. Osteoporosis. 17(1), 

56 (2022).
 71. Leavy, B., Michaelsson, K., Aberg, A. C., Melhus, H. & Byberg, L. The impact of disease and drugs on hip fracture risk. Calcif. 

Tissue Int. 100(1), 1–12 (2017).
 72. Mandair, D., Tiwari, P., Simon, S., Colborn, K. L. & Rosenberg, M. A. Prediction of incident myocardial infarction using machine 

learning applied to harmonized electronic health record data. BMC Med. Inform. Decis. Mak. 20(1), 252 (2020).
 73. Vodencarevic, A. et al. Prediction of recurrent ischemic stroke using registry data and machine learning methods: The Erlangen 

Stroke Registry. Stroke. 53(7), 2299–2306 (2022).
 74. Alsadhan, N. et al. A systematic review of methods to estimate colorectal cancer incidence using population-based cancer registries. 

BMC Med. Res. Methodol. 22(1), 144 (2022).
 75. D’Arcy, M.E., Sturmer, T., Sandler, R.S., Baron, J.A., Jonsson-Funk, M.L., Troester, M.A., et al. (2022) Healthcare system engagement 

and algorithm-identified cancer incidence following initiation of a new medication. Pharmacoepidemiol. Drug Saf. 32(3):321–329 
(2023).

 76. Baron, J. A. et al. Basic epidemiology of fractures of the upper and lower limb among Americans over 65 years of age. Epidemiology. 
7(6), 612–618 (1996).

 77. Bergstrom, M. F., Byberg, L., Melhus, H., Michaelsson, K. & Gedeborg, R. Extent and consequences of misclassified injury diagnoses 
in a national hospital discharge registry. Injury Prevention. 17(2), 108–113 (2011).

Acknowledgements
All methods in this study were carried out in accordance with relevant guidelines and regulations.

Disclaimer
Rolf Gedeborg is also employed by the Medical Products Agency (MPA) in Sweden. The MPA is a Swedish 
Government Agency. The views expressed in this article may not represent the views of the MPA.

Author contributions
K.M. designed the study and drafted the manuscript. K.M. and R.G. analyzed the data. J.A.B., L.B., M.K., S.L., 
and H.M. contributed to interpreting the data and revising the manuscript. K.M. had primary responsibility for 
the final content. All authors read and approved the final manuscript.

Funding
Open access funding provided by Uppsala University. The study was supported by grants from the Swedish 
Research Council. The study funders had no role in the study design, data collection, data analysis, data inter-
pretation, writing of the report, or the decision to submit the article for publication.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 024- 51363-6.

Correspondence and requests for materials should be addressed to K.M.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://rcsyd.se/kataraktreg/
https://doi.org/10.1038/s41598-024-51363-6
https://doi.org/10.1038/s41598-024-51363-6
www.nature.com/reprints


12

Vol:.(1234567890)

Scientific Reports |          (2024) 14:706  | https://doi.org/10.1038/s41598-024-51363-6

www.nature.com/scientificreports/

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

http://creativecommons.org/licenses/by/4.0/

	Declining hip fracture burden in Sweden 1998–2019 and consequences for projections through 2050
	Methods
	Hip fractures captured by a national register and development of our database
	Description of the algorithm and code used to identify incident hip fractures
	Statistical analysis
	Ethical approval

	Results
	Sensitivity analyses

	Discussion
	References
	Acknowledgements


