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Abstract
Summary  This study used primary care data to estimate the incidence of recorded diagnosis of osteoporosis, osteopenia, 
and fragility fracture in the UK during 2000–2018 accounting for age, sex, calendar year and social deprivation. More than 3 
million people aged 50–99 years were included. We found that men living in the most deprived areas had a 45% higher risk of 
being diagnosed with osteoporosis and 50% higher risk of fragility fracture compared to men living in the least deprived areas.
Purpose  a) To estimate the incidence trends of a recorded diagnosis of osteoporosis, osteopenia, and fragility fracture in the 
UK over time; b) to describe differences according to age, sex, and social deprivation.
Methods  This is a longitudinal population-based cohort study using routinely collected primary care data obtained via IQVIA 
Medical Research Database (IMRD). All patients aged 50–99 years registered with a practice participating in THIN (The 
Health Improvement Network) between 2000–2018 were included. The first recorded diagnosis of osteoporosis, osteopenia, 
or fragility fracture was used to estimate incidence rates (IR) per 10,000 person-years at risk. Poisson regression was used 
to provide Incidence Rate Ratios (IRR) adjusted by age, sex, social deprivation, calendar year, and practice effect.
Results  The year-specific adjusted IRR of recorded osteoporosis was highest in 2009 in women [IRR 1.44(95%CI 1.38–
1.50)], whereas in men it was highest in 2013–2014 [IRR 1.94(95%CI 1.72–2.18)] compared to 2000. The year-specific 
adjusted IRR of fragility fracture was highest in 2012 in women [IRR 1.77(95%CI 1.69–1.85)], whereas in men it was highest 
in 2013 [IRR 1.64(95%CI 1.51–1.78)] compared to 2000. Men in the most deprived areas had a higher risk of being diag-
nosed with osteoporosis [IRR 1.45(95%CI 1.38–1.53)], osteopenia [IRR 1.17(95%CI 1.09–1.26)], and fragility fracture [IRR 
1.50(95%CI 1.44–1.56)] compared to those living in the least deprived areas, but smaller differences were seen in women.
Conclusion  Use of fracture risk assessment tools may enhance the detection of osteoporosis cases in primary care. Further 
research is needed on the effect of social deprivation on diagnosis of osteoporosis and fractures.
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Introduction

Osteoporosis leads to nearly 9 million fractures annu-
ally worldwide [1], and over 300,000 fragility fractures 
in the UK every year [2]. Fragility fractures result from 
mechanical forces that would not ordinarily result in 
fracture, known as low-level trauma. The most com-
mon sites of osteoporotic fractures are the hip, verte-
brae, forearm, but also the pelvis, humerus, and ribs 
[3]. The impact of hip fractures alone is high, with a 
30-day mortality rate of 6.5% [4] and costing an esti-
mated £3.5 billion in the UK in 2010, projected to rise 
to £5.5 billion per year by 2025 [5]. The total direct cost 
of osteoporotic fractures in the EU was €56.9 billion in 
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2019, with hip fractures estimated to account for 57%, 
vertebral fractures for 10%, distal forearm fractures for 
2% and others for 32% of the total costs [6].

Despite the availability of effective treatments [7–10], 
a great challenge remains the early diagnosis of osteopo-
rosis and timely detection and management of increased 
risk of fragility fracture before a fracture occurs. Accord-
ing to UK NICE guidelines [11], General Practitioners 
(GPs) are expected to identify people at high risk of 
fragility fractures. Although recommended screening 
tools (e.g. QFracture [12] and FRAX [13]) to estimate 
the 10-year risk of osteoporotic fracture, as well as Bone 
Mineral Density (BMD) scans using DXA (dual-energy 
X-ray absorptiometry), are used in clinical practice, there 
is no nationwide systematic screening programme for 
osteoporosis in primary care in the UK, and implemen-
tation of fracture risk assessment may vary across prac-
tices and geographical regions. GPs’ increasingly busy 
workload in combination with a lack of public awareness 
[14] can lead to underdiagnosis and undertreatment of 
osteoporosis, and subsequent fragility fractures, some of 
which could be prevented.

The incidence of fragility fractures and in particu-
lar hip fractures, which are associated with the highest 
mortality and disability rates [6], has been a subject of 
epidemiological research, with considerably heteroge-
neous results reported in different countries globally 
[10, 15]. Research on the epidemiology of recorded 
osteoporosis diagnosis however is scarce and there is 
no recently published population-based data on the inci-
dence of osteoporosis diagnosis not defined by fracture. 
Furthermore, there is a lack of data on the incidence of 
osteopenia from cohort studies, which may reflect a lack 
of focus on prevention. Although female sex and older 
age are well-known risk factors for osteoporosis, the 
role of other demographic characteristics is less known. 
A recent systematic review demonstrated an associa-
tion between social deprivation and fragility fractures 
[16], but the link between social deprivation and a 
diagnosis of osteoporosis or osteopenia has not been 
investigated. Hence, we carried out this research study 
using routinely collected primary care data, aiming to 
understand how osteoporosis, osteopenia and fragility 
fractures are recorded in UK primary care and explore 
trends in observed incidence rates by sociodemographic 
characteristics. Understanding the patterns of recorded 
diagnosis of osteoporosis is essential for the design and 
delivery of public health and community interventions 
for the prevention of fragility fractures in older people.

The objectives of the present study were: a) to esti-
mate the incidence of a recorded diagnosis of osteoporo-
sis, osteopenia, and fragility fracture in people aged ≥ 50 
in the UK; b) to explore time trends in the recording of 
osteoporosis, osteopenia, and fragility fracture in the UK; 
c) to describe any differences in incidence rates according 
to age, sex, and social deprivation.

Methods

Data source

We used de-identified data provided by patients as a part 
of their routine primary care (IQVIA Medical Research 
Database (IMRD), incorporating data from THIN (The 
Health Improvement Network), a Cegedim database. 
Approximately 98% of the UK population is registered 
with a GP [17]. THIN is a primary care database of over 
20 million patients in the UK [18]. GPs record medical 
diagnoses and symptoms using the Read classification 
system [19]. Diagnostic Read codes are entered by GPs 
for conditions that can be diagnosed either in primary 
care or in secondary care. For example, osteoporosis and 
osteopenia are often diagnosed in primary care based on 
DXA bone density scan, and the diagnosis is entered to 
the patient’s record following review of the result by the 
GP. They can also (less often) be diagnosed in second-
ary care (for example if a patient is on medication that 
increase their risk of osteoporosis and are being moni-
tored by a specialist). In the latter case a diagnostic Read 
code will be entered to the patient’s primary care record 
by reviewing the information provided in the clinic letter 
sent to the GP. Fragility fractures are usually diagnosed 
in Emergency Departments (as they are often acute, 
and an x-ray is required), and this information is sent 
electronically to the patient’s GP and it is subsequently 
entered as a Read code upon review of the discharge 
letter. Similarly, if a patient is hospitalised for a major 
osteoporotic fracture (e.g. hip fracture) the discharge 
summary containing the Read code is shared with the 
patient’s GP, and the code is subsequently entered on to 
the primary care record.

All data in THIN are fully anonymized and they are 
considered to be representative of the UK population in 
terms of age, sex, practice size and geographical distri-
bution [20]. A measure of social deprivation recorded 
as quintiles of Townsend scores is also provided. The 
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Townsend deprivation score is an area-based measure, 
incorporating unemployment, non-car ownership, non-
home ownership and household overcrowding com-
bined, based on an individual’s post (zip) code [21]. We 
excluded practices that had no linked Townsend data to 
reduce missing data.

Study design

Longitudinal population-based cohort study.

Study population and period

All patients aged 50–99 years registered with participat-
ing practices in the THIN database between 1/1/2000 
and 31/12/2018 were included. We excluded practices 
that did not meet criteria for standard quality indica-
tors used in the database, i.e. Acceptable Mortality 
Reporting (AMR) [22] and Acceptable Computer Usage 
(ACU) recording [23] during the study period. Study 
entry was defined as the latest date of patient’s registra-
tion with the practice, when they turned 50 years old, or 
1/1/2000. The end of the study period was the earliest 
of the patient’s date of death, the patient’s transfer out 
of the practice or the last date the practice contributed 
data to THIN.

Definition of variables

The outcome variables were: osteoporosis; osteopenia; fra-
gility fracture (defined by a diagnostic Read code entered 
on the patient’s record) (Appendix Tables 4, 5, and 6). 
Additional subgroup analyses of first occurrence of a fra-
gility fracture were conducted by site: a) hip; b) vertebrae; 
c) other, including wrist/radius, pelvic, humerus, ribs, or 
unspecified site generically coded as fragility fracture. 
The covariates age, sex and Townsend quintile of social 
deprivation were included in the analyses as categorical 
variables.

Incidence

The date of the first recording of the event in the medical 
records was used as the date of diagnosis, and therefore 
incidence rates were estimated based on the number of first 
recorded episodes. We performed a Lewis plot [24], based 
on which we excluded events that were diagnosed in the first 
6 months from registration with the practice, as they were 
more likely to represent prevalent cases.

Statistical analysis

The incidence rate (IR) of osteoporosis, osteopenia, and 
fragility fractures was estimated per 10,000 person-years 
(PY) at risk. This was calculated by adding the number of 
patients with a first recording of diagnostic Read code for 
osteoporosis, osteopenia, or fragility fracture during the 
period 2000–2018, and then dividing this number by the 
total person-years of follow-up for all patient records for this 
period. We determined incidence rates per age group, sex, 
social deprivation, and calendar year of diagnosis. Poisson 
regression was used to compare incidence rates and provide 
adjusted Incidence Rate Ratios (IRR) by age, sex, social 
deprivation, and calendar year. Likelihood ratio (LR) tests 
were performed to explore interactions between covariates. 
A fixed effects Poisson model was compared against a mixed 
effects Poisson model using GP practice as a random inter-
cept to assess potential clustering by practice. Statistical 
analyses were conducted using statistical software Stata 17 
(StataCorp).

Ethical approval

The study protocol was approved by IQVIA Scientific 
Review Committee (SRC) (Ref. 21SRC011).

Results

A cohort of more than 3 million people aged 50–99 years 
from a total of 688 GP practices participating in THIN were 
included in the analysis. Across all three outcomes, there 
was a significant interaction between age and sex (p < 0.001) 
(Suppl. Graph S1, S2, S3), therefore results are presented 
separately in men and women. Clustering by practice had a 
significant effect and was therefore included in the adjusted 
model (Tables 1, 2, 3).

Osteoporosis

The overall crude incidence of osteoporosis diagnosis was 
significantly higher in women, 79.82 vs. 15.28 in men per 
10,000 PY. A peak of recorded osteoporosis diagnosis 
was observed in 2009 in women, followed by a period of 
increased incidence between 2013–2015 in both men and 
women (Fig. 1. Graph 1A). The incidence of osteoporo-
sis diagnosis increased with age: it was lowest in the age 
group 50–54 in both men and women, and it was highest 
in men 90-99y and in women 85-89y. The overall adjusted 
risk of osteoporosis diagnosis across all ages was 4.9 times 
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higher in women vs. men [IRR 4.92 (95%CI 4.84–5.00)]. 
The crude IR of osteoporosis diagnosis increased from 
2009 onwards in women, and from 2012 onwards in men. 
The year-specific adjusted IRR of recorded osteopo-
rosis was highest in 2009 in women [IRR 1.44 (95%CI 

1.38–1.50)], whereas in men it was highest in 2013 and 
2014 [IRR 1.94 (95%CI 1.72–2.18)] compared to the ref-
erence (year 2000). In the adjusted model, older men liv-
ing in most deprived areas were almost 1.5 times more 
likely to be diagnosed with osteoporosis [IRR 1.45 (95% 

Table 1   Crude and adjusted* incidence rates of Osteoporosis diagnosis stratified by sex (2000–2018) (N = 3,275,716) (Men N = 1,587,653; 
Women N = 1,688,063)

*Adjusted for age, Townsend quintile of social deprivation, calendar year, and clustering by practice effect

Age (years) Men – Crude IR per 10,000 
PY (95%CI)

Women – Crude IR per 
10,000 PY (95%CI)

Men – Adjusted* IRR 
(95%CI)

Women – Adjusted* IRR 
(95%CI)

  All ages 15.28 (15.06–15.51) 79.82 (79.32–80.31) 1 (Ref.) 4.92 (4.84–5.00)
  50–54 4.50 (4.24–4.77) 22.99 (22.38–23.61) 1 (Ref.) 1 (Ref.)
  55–59 6.64 (6.30–6.98) 42.44 (41.58–43.32) 1.49 (1.38–1.61) 1.85 (1.79–1.91)
  60–64 10.10 (9.66–10.55) 63.50 (62.38–64.63) 2.26 (2.10–2.43) 2.77 (2.68–2.86)
  65–69 14.68 (14.11–15.27) 87.27 (85.86–88.70) 3.26 (3.03–3.50) 3.81 (3.69–3.93)
  70–74 21.19 (20.42–21.98) 113.32(111.56–115.11) 4.75 (4.43–5.09) 4.96 (4.81–5.12)
  75–79 30.84 (29.77–31.94) 143.20 (141.01–145.41) 6.93 (6.47–7.42) 6.28 (6.09–6.48)
  80–84 40.84 (39.33–42.40) 153.20 (150.61–155.83) 9.14 (8.51–9.80) 6.73 (6.52–6.95)
  85–89 49.51 (47.15–51.97) 153.39 (150.11–156.72) 11.02 (10.21–11.90) 6.75 (6.52–6.99)
  90–99 50.47 (46.66–54.52) 118.62 (114.81–122.53) 11.10 (10.07–12.24) 5.22 (5.00–5.44)

Townsend quintile Men – Crude IR per 10,000 
PY (95%CI)

Women—Crude IR per 
10,000 PY (95%CI)

Men – Adjusted* IRR 
(95%CI)

Women – Adjusted* IRR 
(95%CI)

  1 (least deprived) 12.92 (12.54–13.31) 73.56 (72.65–74.48) 1 (Ref.) 1 (Ref.)
  2 14.10 (13.67–14.54) 76.98 (75.99–77.98) 1.03 (0.98–1.07) 0.97 (0.96–0.99)
  3 15.54 (15.05–16.05) 80.85 (79.76–81.95) 1.12 (1.07–1.17) 0.99 (0.97–1.01)
  4 16.86 (16.29–17.45) 85.17 (83.92–86.43) 1.21 (1.15–1.27) 1.01 (0.99–1.03)
  5 (most deprived) 21.38 (20.58–22.21) 91.90 (90.27–93.55) 1.45 (1.38–1.53) 1.04 (1.01–1.06)

Year Men – Crude IR per 10,000 
PY (95%CI)

Women – Crude IR per 
10,000 PY (95%CI)

Men – Adjusted* IRR 
(95%CI)

Women – Adjusted* IRR 
(95%CI)

  2000 9.62 (8.64–10.68) 66.01 (63.53–68.56) 1 (Ref.) 1 (Ref.)
  2001 10.30 (9.37–11.29) 70.07 (67.73–72.47) 1.08 (0.94–1.24) 1.08 (1.03–1.14)
  2002 11.18 (10.29–12.13) 74.27 (72.06–76.54) 1.17 (1.03–1.34) 1.15 (1.09–1.20)
  2003 12.87 (11.96–13.82) 87.08 (84.80–89.41) 1.33 (1.17–1.51) 1.34 (1.28–1.41)
  2004 12.76 (11.90–13.67) 83.02 (80.88–85.20) 1.31 (1.16–1.49) 1.28 (1.22–1.34)
  2005 14.04 (13.16–14.96) 84.90 (82.79–87.04) 1.43 (1.26–1.62) 1.31 (1.25–1.37)
  2006 14.26 (13.39–15.17) 82.74 (80.69–84.83) 1.45 (1.29–1.64) 1.29 (1.23–1.35)
  2007 15.02 (14.14–15.93) 84.47 (82.42–86.55) 1.53 (1.35–1.72) 1.32 (1.26–1.38)
  2008 14.29 (13.45–15.18) 80.70 (78.72–82.72) 1.45 (1.28–1.64) 1.26 (1.20–1.31)
  2009 15.90 (15.01–16.82) 92.17 (90.06–94.31) 1.60 (1.42–1.81) 1.44 (1.38–1.50)
  2010 13.76 (12.93–14.62) 79.20 (77.22–81.21) 1.38 (1.22–1.56) 1.24 (1.18–1.30)
  2011 13.75 (12.93–14.61) 71.37 (69.51–73.26) 1.38 (1.22–1.55) 1.12 (1.07–1.17)
  2012 17.35 (16.43–18.31) 76.46 (74.55–78.42) 1.73 (1.54–1.95) 1.20 (1.14–1.25)
  2013 19.69 (18.70–20.73) 81.22 (79.21–83.27) 1.94 (1.72–2.18) 1.26 (1.21–1.32)
  2014 20.00 (18.98–21.07) 84.83 (82.73–86.98) 1.93 (1.72–2.18) 1.31 (1.25–1.37)
  2015 19.94 (18.84–21.09) 82.10 (79.86–84.38) 1.89 (1.67–2.13) 1.25 (1.19–1.31)
  2016 19.06 (17.88–20.29) 77.97 (75.58–80.42) 1.77 (1.56–2.00) 1.16 (1.11–1.22)
  2017 16.57 (15.38–17.82) 71.34 (68.87–73.88) 1.54 (1.36–1.76) 1.06 (1.01–1.12)
  2018 15.62 (14.41–16.91) 67.41 (64.87–70.03) 1.43 (1.25–1.63) 0.98 (0.93–1.04)
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1.38–1.53)] compared to men in the least deprived areas, 
whereas the risk of osteoporosis diagnosis was only bor-
derline increased for older women living in most deprived 
areas [IRR 1.04 (1.01–1.06)] compared to women in the 
least deprived areas (Table 1).

Osteopenia

Women were more likely to be diagnosed with osteo-
penia compared to men, at any age. The overall IR of 
osteopenia diagnosis was 45.10 in women vs. 8.65 in 

Table 2   Crude and adjusted* incidence rates of Osteopenia diagnosis stratified by sex (2000–2018) (N = 3,326,188) (Men N = 1,593,152; 
Women N = 1,733,036)

*Adjusted for age, Townsend quintile of social deprivation, calendar year, and clustering by practice effect

Age (years) Men – Crude IR per 10,000 
PY (95%CI)

Women – Crude IR per 
10,000 PY (95%CI)

Men – Adjusted* IRR 
(95%CI)

Women – Adjusted* IRR 
(95%CI)

  All ages 8.65 (8.48–8.82) 45.10 (44.74–45.47) 1 (Ref.) 5.33 (5.22–5.45)
  50–54 3.82 (3.58–4.07) 26.70 (26.05–27.37) 1 (Ref.) 1 (Ref.)
  55–59 5.56 (5.25–5.87) 38.55 (37.73–39.38) 1.49 (1.37–1.62) 1.47 (1.42–1.52)
  60–64 7.70 (7.32–8.09) 51.76 (50.76–52.78) 2.03 (1.87–2.21) 1.96 (1.90–2.02)
  65–69 10.22 (9.75–10.71) 61.15 (59.99–62.32) 2.68 (2.47–2.90) 2.33 (2.25–2.40)
  70–74 12.92 (12.32–13.53) 63.48 (62.20–64.78) 3.44 (3.17–3.72) 2.47 (2.39–2.55)
  75–79 14.72 (13.99–15.48) 56.57 (55.26–57.91) 3.96 (3.65–4.30) 2.24 (2.16–2.31)
  80–84 14.33 (13.44–15.26) 41.18 (39.92–42.47) 3.83 (3.50–4.19) 1.63 (1.57–1.70)
  85–89 13.71 (12.49–15.02) 28.40 (27.09–29.75) 3.61 (3.23–4.04) 1.11 (1.05–1.17)
  90–99 10.42 (8.75–12.32) 16.39 (15.09–17.78) 2.74 (2.29–3.27) 0.63 (0.58–0.69)

Townsend quintile Men – Crude IR per 10,000 
PY (95%CI)

Women – Crude IR per 
10,000 PY (95%CI)

Men – Adjusted* IRR 
(95%CI)

Women – Adjusted* IRR 
(95%CI)

  1 (least deprived) 7.60 (7.31–7.90) 46.38 (45.67–47.10) 1 (Ref.) 1 (Ref.)
  2 8.12 (7.80–8.46) 44.90 (44.16–45.65) 1.01 (0.96–1.07) 0.97 (0.94–0.99)
  3 8.87 (8.50–9.25) 45.19 (44.39–46.00) 1.06 (1.00–1.12) 0.93 (0.90–0.95)
  4 9.46 (9.03–9.90) 43.40 (42.53–44.29) 1.10 (1.03–1.18) 0.89 (0.87–0.91)
  5 (most deprived) 10.96 (10.39–11.56) 44.79 (43.68–45.92) 1.17 (1.09–1.26) 0.87 (0.84–0.90)

Year Men – Crude IR per 10,000 
PY (95%CI)

Women – Crude IR per 
10,000 PY (95%CI)

Men – Adjusted* IRR 
(95%CI)

Women – Adjusted* IRR 
(95%CI)

  2000 1.36 (1.01–1.80) 9.17 (8.28–10.13) 1 (Ref.) 1 (Ref.)
  2001 2.47 (2.03–2.98) 17.71 (16.57–18.91) 1.82 (1.30–2.54) 1.94 (1.72–2.19)
  2002 3.34 (2.86–3.87) 23.23 (22.02–24.48) 2.43 (1.77–3.33) 2.54 (2.27–2.85)
  2003 3.28 (2.83–3.77) 32.47 (31.11–33.87) 2.40 (1.75–3.27) 3.60 (3.23–4.01)
  2004 4.57 (4.06–5.12) 33.29 (31.97–34.65) 3.36 (2.49–4.53) 3.71 (3.33–4.13)
  2005 6.17 (5.59–6.79) 36.50 (35.15–37.88) 4.53 (3.38–6.08) 4.08 (3.67–4.54)
  2006 6.62 (6.03–7.25) 38.23 (36.87–39.63) 4.84 (3.62–6.49) 4.28 (3.84–4.75)
  2007 7.30 (6.70–7.95) 41.30 (39.90–42.73) 5.34 (3.99–7.14) 4.62 (4.15–5.13)
  2008 8.58 (7.93–9.27) 45.85 (44.40–47.35) 6.23 (4.67–8.32) 5.09 (4.58–5.65)
  2009 8.18 (7.55–8.85) 58.82 (57.18–60.50) 5.90 (4.42–7.88) 6.52 (5.87–7.23)
  2010 9.95 (9.25–10.69) 51.29 (49.74–52.88) 7.15 (5.36–9.52) 5.66 (5.10–6.28)
  2011 10.13 (9.43–10.88) 48.56 (47.06–50.10) 7.20 (5.40–9.59) 5.31 (4.78–5.90)
  2012 10.98 (10.25–11.75) 54.70 (53.11–56.32) 7.75 (5.82–10.31) 5.98 (5.38–6.63)
  2013 11.68 (10.92–12.48) 62.41 (60.69–64.17) 8.19 (6.15–10.90) 6.78 (6.11–7.52)
  2014 12.31 (11.51–13.15) 58.91 (57.19–60.67) 8.53 (6.41–11.35) 6.35 (5.72–7.05)
  2015 12.39 (11.53–13.30) 55.69 (53.88–57.54) 8.38 (6.29–11.17) 5.95 (5.36–6.62)
  2016 14.30 (13.28–15.37) 58.75 (56.71–60.85) 9.42 (7.07–12.57) 6.18 (5.56–6.87)
  2017 13.75 (12.68–14.90) 54.07 (51.95–56.26) 8.83 (6.61–11.80) 5.58 (5.01–6.22)
  2018 14.25 (13.10–15.48) 54.85 (52.58–57.18) 8.92 (6.67–11.94) 5.62 (5.04–6.27)
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men per 10,000 PY. The incidence of osteopenia diag-
nosis was very low at the start of the study period, and 
it progressively increased, reaching a peak in women in 
2009, and a second peak in 2013. In women however 
osteopenia IRs were lowest in those aged 85-99y (Fig. 1.

Graph 1B). The adjusted IRR of osteopenia diagnosis in 
women was 5.33 (95%CI 5.22–5.45) compared to men. 
In the adjusted model, men in the most deprived areas 
had 1.2 times higher risk of being diagnosed with osteo-
penia [IRR 1.17 (95% 1.03–1.18)] compared to men in 

Table 3   Crude and adjusted* incidence rates of fragility fracture stratified by sex (2000–2018) (Men N = 1,537,217; Women N = 1,654,625) 
(N = 3,191,842)

*Adjusted for age, Townsend quintile of social deprivation, calendar year, and clustering by practice effect

Age (years) Men – IR per 10,000 PY 
(95%CI)

Women – IR per 10,000 PY 
(95%CI)

Men – Adjusted IRR (95%CI) Women – Adjusted IRR 
(95%CI)

  All ages 28.72 (28.41–29.03) 82.01 (81.50–82.51) 1 (Ref.) 2.55 (2.52–2.58)
  50–54 14.25 (13.77–14.74) 23.83 (23.21–24.47) 1 (Ref.) 1 (Ref.)
  55–59 15.41 (14.89–15.94) 36.61 (35.81–37.43) 1.09 (1.04–1.15) 1.55 (1.50–1.61)
  60–64 18.17 (17.57–18.78) 49.80 (48.81–50.80) 1.29 (1.23–1.35) 2.09 (2.03–2.16)
  65–69 22.42 (21.71–23.16) 66.92 (65.69–68.16) 1.58 (1.50–1.65) 2.81 (2.72–2.90)
  70–74 29.95 (29.02–30.90) 90.10 (88.54–91.69) 2.13 (2.03–2.23) 3.84 (3.72–3.96)
  75–79 46.04 (44.71–47.40) 132.24 (130.14–134.36) 3.28 (3.14–3.43) 5.68 (5.50–5.85)
  80–84 72.27 (70.22–74.37) 191.25 (188.34–194.19) 5.14 (4.92–5.38) 8.26 (8.01–8.51)
  85–89 118.37 (114.62–122.21) 259.64 (255.26–264.08) 8.37 (7.99–8.77) 11.18 (10.84–11.54)
  90–99 173.89 (166.54–181.48) 322.99 (316.29–329.80) 12.24 (11.59–12.93) 14.03 (13.56–14.51)

Townsend quintile Men – IR per 10,000 PY 
(95%CI)

Women – IR per 10,000 PY 
(95%CI)

Men – Adjusted IRR (95%CI) Women – Adjusted IRR 
(95%CI)

  1 (least deprived) 24.02 (23.49–24.56) 72.15 (71.25–73.06) 1 (Ref.) 1 (Ref.)
  2 27.16 (26.55–27.78) 78.97 (77.96–79.98) 1.08 (1.04–1.11) 1.01 (0.99–1.03)
  3 29.21 (28.52–29.91) 83.59 (82.47–84.71) 1.18 (1.14–1.22) 1.05 (1.03–1.07)
  4 32.78 (31.96–33.62) 91.61 (90.31–92.93) 1.31 (1.27–1.36) 1.10 (1.08–1.12)
  5 (most deprived) 37.82 (36.73–38.94) 96.36 (94.68–98.07) 1.50 (1.44–1.56) 1.12 (1.09–1.14)

Year Men – IR per 10,000 PY 
(95%CI)

Women – IR per 10,000 PY 
(95%CI)

Men – Adjusted IRR (95%CI) Women – Adjusted IRR 
(95%CI)

  2000 21.47 (19.97–23.05) 60.19 (57.80–62.65) 1 (Ref.) 1 (Ref.)
  2001 23.37 (21.94–24.86) 62.52 (60.29–64.81) 1.09 (0.99–1.19) 1.04 (0.98–1.09)
  2002 22.32 (21.04–23.66) 66.12 (64.01–68.28) 1.04 (0.95–1.14) 1.09 (1.04–1.15)
  2003 24.50 (23.23–25.82) 67.08 (65.06–69.14) 1.15 (1.05–1.25) 1.11 (1.06–1.17)
  2004 24.44 (23.22–25.69) 66.91 (64.98–68.88) 1.15 (1.06–1.26) 1.12 (1.06–1.17)
  2005 23.69 (22.53–24.89) 69.63 (67.71–71.58) 1.11 (1.02–1.21) 1.16 (1.11–1.22)
  2006 23.25 (22.12–24.42) 66.97 (65.12–68.86) 1.09 (1.00–1.19) 1.12 (1.07–1.18)
  2007 24.90 (23.75–26.10) 68.35 (66.51–70.24) 1.16 (1.06–1.26) 1.15 (1.09–1.20)
  2008 24.38 (23.25–25.54) 78.24 (76.28–80.23) 1.13 (1.04–1.23) 1.31 (1.25–1.38)
  2009 27.90 (26.70–29.14) 99.20 (97.01–101.43) 1.29 (1.19–1.40) 1.68 (1.60–1.76)
  2010 29.89 (28.64–31.18) 92.23 (90.09–94.40) 1.37 (1.26–1.49) 1.56 (1.49–1.64)
  2011 29.19 (27.97–30.46) 88.41 (86.33–90.52) 1.33 (1.22–1.44) 1.49 (1.42–1.56)
  2012 34.40 (33.08–35.76) 105.07 (102.82–107.36) 1.55 (1.43–1.68) 1.77 (1.69–1.85)
  2013 36.56 (35.18–37.99) 100.47 (98.23–102.75) 1.64 (1.51–1.78) 1.70 (1.62–1.78)
  2014 36.69 (35.27–38.15) 99.08 (96.79–101.41) 1.63 (1.50–1.77) 1.66 (1.59–1.74)
  2015 35.41 (33.90–36.96) 95.38 (92.96–97.85) 1.57 (1.44–1.71) 1.60 (1.52–1.67)
  2016 34.38 (32.76–36.07) 85.13 (82.62–87.70) 1.53 (1.40–1.67) 1.43 (1.36–1.50)
  2017 33.97 (32.22–35.78) 84.09 (81.38–86.85) 1.49 (1.36–1.63) 1.39 (1.32–1.47)
  2018 32.12 (30.33–33.98) 77.80 (75.06–80.63) 1.39 (1.27–1.53) 1.28 (1.21–1.35)
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the least deprived areas, whereas there was no signifi-
cant effect of deprivation on osteopenia diagnosis in 
women (Table 2).

Fragility fractures

The incidence of recorded fragility fractures increased 
with age and an increasing trend was observed during 
the study period. The overall crude IR in men was 28.72 
vs. 82.01 in women per 10,000 PY. The age-specific 
IR of fragility fractures was highest in the age group 
90-99y for both sexes. The crude IR of fragility frac-
ture increased from 2009 onwards in women and from 
2012 onwards in men. The year-specific adjusted IRR 

of fragility fracture in women was highest in 2012 [IRR 
1.77 (95%CI 1.69–1.85)], whereas in men it was high-
est in 2013 [IRR 1.64 (95%CI 1.51–1.78)] compared to 
the reference (year 2000). The adjusted IRR of fragil-
ity fracture in women (across all age groups) was 2.55 
(95%CI 2.52–2.58) compared to men. In the adjusted 
model, men in most deprived areas had 1.5 times higher 
risk of sustaining a fragility fracture [IRR 1.50 (95%CI 
1.44–1.56)] compared to men in the least deprived areas, 
whereas women in most deprived areas were almost 1.1 
times more likely to have a fragility fracture compared 
to women in the least deprived areas [IRR 1.12 (95%CI 
1.09–1.14)] (Table 3).

a b

c

Fig. 1   Incidence graphs for recorded diagnosis of osteoporosis, osteo-
penia, and fragility fractures in men and women aged ≥ 50  years in 
the UK (2000–2018). Graph 1A: Incidence of osteoporosis diagnosis 

in men and women (2000–2018). Graph 1B: Incidence of osteopenia 
diagnosis in men and women (2000–2018). Graph 1C: Fragility frac-
ture incidence in men and women (2000–2018)
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Additional analyses by fracture site demonstrated 
a crude IR of hip fracture 10.44 in men and 27.30 in 
women per 10,000 PY. The recorded diagnosis of hip 
fracture was stable during the study period, and the 
risk of suffering a hip fracture was extremely high in 
the oldest old (90-99y), compared to 50-54y [men IRR 
60.16 (95%CI 54.15–66.85); women IRR 92.33 (95%CI 
84.26–101.17)] (Fig.  2. Graph 2A). In the adjusted 
model, social deprivation increased the risk of hip 
fracture in both men [IRR 1.70 (95%CI 1.60–1.81)] 
and women [IRR 1.20 (95%CI 1.15–1.25)] (Suppl. 
Table S1).

Rates of first recorded vertebral fracture were very 
low compared to fractures at other sites, with an overall 
IR of vertebral fracture 4.60 in men and 9.47 in women 

per 10,000 PY. There was however a slight increase in 
incidence time trend for older age groups (Fig. 2. Graph 
2B). In the adjusted model, the effect of social deprivation 
on vertebral fracture was significant in both men [IRR 
1.46 (95%CI 1.32–1.61)] and women [IRR 1.26 (95%CI 
1.18–1.35)] (Suppl. Table S2).

The IR of a first recorded other fragility fracture was 
higher compared to hip fracture; men: IR 16.75, women: 
58.73, per 10,000 PY. The incidence rate increased from 
2009 onwards, for people aged ≥ 75y, and it reached 
a peak during 2012–2014 (Fig.  2. Graph 2C). In the 
adjusted model, social deprivation increased the risk of 
other fragility fracture in both men [IRR 1.46 (95%CI 
1.39–1.54)] and women [IRR 1.09 (95%CI 1.06–1.12)] 
(Suppl. Table S3).

a b

c

Fig. 2   Incidence graphs for recorded diagnosis of hip, vertebral, and 
other fragility fractures in men and women aged ≥ 50 years in the UK 
(2000–2018). Graph 2A: Hip fracture incidence in men and women 

(2000–2018). Graph 2B: Vertebral fracture incidence in men and 
women (2000–2018). Graph 2C: Other fragility fracture incidence in 
men and women (2000–2018)
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Discussion

In this study we report the incidence of a diagnosis of 
osteoporosis, osteopenia and fragility fracture as recorded 
in primary care. Osteoporosis and fragility fractures were 
found to be more commonly diagnosed in women and 
older age groups. The incidence of recorded osteopenia 
was in general lower than expected, although it was higher 
in women, and it decreased with advanced age in both 
sexes. Social deprivation was independently associated 
with higher risk of osteoporosis and osteopenia diagnosis 
and fragility fractures in men, whereas smaller differences 
were seen in women.

We were unable to identify any comparable popu-
lation-based studies reporting the incidence of osteo-
porosis diagnosis not defined by a fracture, based on 
routinely collected primary care data. The available 
literature reports prevalence and not incidence of oste-
oporosis. The prevalence of osteoporosis varies across 
studies, depending on the country, population sample, 
age, and case finding method [25]; it has been reported 
10.3% in people aged ≥ 50 in the US [26], 24% in 
women in their 7th decade in a UK study [27], and 
30–40% in women and 10–20% in men aged > 50 in 
China [28]. Prevalence of osteopenia (based on DXA) 
was reported to be higher, 43.9% [26] and 49% [27] 
from US and UK studies respectively. In our study we 
found lower than expected rates of osteopenia diagno-
sis, given that in other studies the prevalence of osteo-
penia was higher than that of osteoporosis, and we 
would therefore expect incidence rates of osteopenia 
to be respectively higher. However, these studies have 
a different design compared to our study, as they have 
used screening to define osteoporosis or osteopenia in 
smaller population samples, whereas we have studied 
the incidence of recorded osteoporosis and osteopenia 
based on diagnostic Read codes in a very large dataset 
of routinely collected data.

Our study found that the incidence of osteoporosis 
diagnosis and fragility fractures increased from 2009 
onwards in women, and from 2012 onwards in men. 
This could be explained by the introduction of fracture 
risk assessment tools around that time. More specifi-
cally, the FRAX score was introduced in 2008 [13], 
whereas the validation paper of the original QFracture 
was published in 2009 [29]. Importantly, the intro-
duction of fracture risk assessment tools was part of 
the comprehensive guidelines on the prevention and 
treatment of osteoporosis (The National Osteoporosis 

Guideline Group), which were first introduced in 2008 
[30], followed by later updates in subsequent years. 
Publicity of the new fracture risk screening tools might 
have triggered an interest of GPs in using those, lead-
ing to identification of more cases. QFracture was 
subsequently updated in 2012 [12], and osteoporosis 
was introduced to the Quality and Outcomes Frame-
work for GPs in 2012–13 [31]. As part of this incen-
tives’ scheme, GPs are rewarded with points for people 
aged ≥ 50 with a diagnosis of osteoporosis confirmed 
on DXA, who have not sustained a fragility fracture 
before the age of 75, and people aged ≥ 75 with a record 
of fragility fracture and a diagnosis of osteoporosis 
[32]. Nevertheless, despite the peak in the recorded 
diagnosis, we did not see a corresponding reduction 
in subsequent fractures in the following years. We 
therefore need to understand if diagnosis is triggering 
appropriate treatment. A review of quality measures 
and quality improvement initiatives for osteoporosis 
in the US found a gradual improvement in osteoporo-
sis screening, identification and treatment following 
fragility fracture (2006–2016), although according to 
data from population-based studies, performance for 
these quality measures was lower when reporting was 
not mandatory [33]. Systematic reviews have shown 
that the Fracture Liaison Service (FLS) model of care 
is associated with improvements in rates of bone min-
eral density testing, initiation of osteoporosis treatment 
and adherence with treatment in people with fragility 
fractures [34].

The lower incidence of recorded osteopenia and osteo-
porosis diagnosis in older men contrasts with the high 
incidence of fragility fractures in this group. This finding 
implies that there is a gap in prevention, which is more 
prominent in men. Traditionally osteoporosis screening 
has been targeted at women, and bone health is a domain 
commonly overlooked in men. Similarly, the oldest old 
seem to have very low rates of osteopenia diagnosis, but 
very high rates of fragility fractures. This is likely to rep-
resent a very low number of referrals for DXA scans in 
the oldest old, possibly due to a reluctance of patients, 
relatives, or healthcare professionals, on the grounds of 
other health priorities, multimorbidity and frailty. There 
is also debate about the value of treatment in people with 
a low life expectancy and quality of life, e.g. people with 
dementia, polypharmacy, and greater risk of adverse 
effects.

In our study we found a slightly lower incidence rate 
of fragility fracture and hip fracture compared to that 
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reported in a UK study using Clinical Practice Research 
Datalink (CPRD) data (1988–2012) [35]. Interestingly, the 
incidence rate of vertebral fracture in people above 50 in 
that study [35] was the same as in our study. It is worth 
noting that the actual incidence of vertebral fractures is 
likely to be higher, as they are often asymptomatic, they 
can therefore be missed from diagnosis, although recent 
techniques can improve detection [36, 37]. The majority 
of other studies reporting the incidence of hip and verte-
bral fractures have been conducted in women, using con-
venience, and not population-based samples [38], and with 
case finding in secondary care [38, 39] or via surveys [40]. 
The incidence of hip fractures has been found to be lower 
in Eastern countries [38, 39, 41–43], whereas it has been 
reported to be higher in Northern Europe [6, 37, 44].

Temporal trends in the incidence of hip fracture in Por-
tugal were found to be affected by socioeconomic inequali-
ties which were more marked in women aged 65–79 [45]. 
A systematic review of observational studies showed that 
low socioeconomic status measured at the individual level 
(education, income, occupation, co-habiting) was associ-
ated with an increased risk of both hip and non-hip fragility 
fracture [RR 1.27 (95%CI 1.12–1.44)], whereas the use of 
area-based measures of deprivation did not provide a statisti-
cally significant association [16]. In our study social depri-
vation measured using the area-based Townsend index was 
significantly and independently associated with osteoporo-
sis diagnosis and fragility fractures in both sexes and with 
osteopenia diagnosis in men.

The present study has strengths and limitations. 
The main strength is the rigorous methodology, using 
nationally representative, real-world data. This is, to our 
knowledge, the first population-based study estimating 
incidence of recorded diagnosis of osteoporosis in pri-
mary care. A limitation is that analyses were based on 
Read codes as they were recorded by GPs, which can be 
influenced by various factors, e.g. GP workload, length 
of consultation, allocation of additional time for admin-
istrative tasks, and different coding behaviours amongst 
GPs or across different practices. It is therefore possible 
that some cases of osteoporosis are identified and treated 
without a diagnosis being formally coded. We did not 
have access to DXA results to explore this, and the inci-
dence of osteoporosis, and especially osteopenia, is likely 
to be underestimated. Despite the fact that the actual 
osteopenia incidence rates in this population of people 
above 50 are probably much higher, the under-recording 
and under-diagnosis of osteopenia in primary care records 
is an important finding. Although fragility fractures are 
generally more likely to be identified (with the exception 

of vertebral fractures) and therefore coded in patients’ 
electronic records, it is still possible that a proportion 
of these fractures may not be coded in the primary care 
records, for example if data is not transcribed fully from 
secondary care correspondence onto the primary care 
record or if a fragility fracture occurs in the community 
but a diagnostic Read code is not inserted at the time. 
Moreover, while analysis of prescriptions of anti-osteo-
porotic medication was beyond the scope of this project, 
it is possible that, had prescription data been included in 
this analysis, we might have identified some additional 
cases of osteoporosis or fragility fractures which were not 
captured by diagnostic coding.

There are significant implications arising from this 
study. Despite the increased incidence of recorded osteo-
porosis after the introduction of fracture risk screening 
tools, the incidence of fragility fractures increased over 
time in men and women, even after accounting for age. 
Osteopenia appears to be under-diagnosed, which high-
lights an important gap in early detection and missed 
opportunity for intervention. We need further research 
on management and the prescription of treatments to 
understand why age-adjusted fragility fracture rates are 
rising and examine if increased recording of osteopo-
rosis translates into better management. The associa-
tion of the area-based Townsend index of deprivation 
with osteoporosis and fragility fractures, which is more 
pronounced in men, warrants further research to under-
stand the reasons for this. More specifically we need 
to explore any socioeconomic inequalities in screening 
for osteoporosis and subsequent management, as well as 
prescription of bone-sparing medication for older people 
with fragility fractures.

Conclusion

The identification and recording of a diagnosis of oste-
oporosis, osteopenia, or fragility fracture may have 
improved due to the introduction of osteoporotic fracture 
risk assessment tools as well as incentivization schemes 
in primary care. As expected, female sex and advanced 
age were associated with higher incidence of osteoporosis 
and fragility fractures in this study. We also found sig-
nificantly increased risk of osteoporosis, osteopenia and 
fragility fractures in men living in deprived areas. This 
work has identified that further research is needed on the 
effect of social deprivation on diagnosis of osteoporosis 
and fractures.
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Appendix

Table 4   Read code list for 
Osteoporosis

Read code Description

66a9.00 Osteoporosis—falls prevention
66aA.00 Osteoporosis—treatment response
66aB.00 Osteoporosis—no treatment response
9hP..00 Exception reporting: osteoporosis quality indicators
N330.00 Osteoporosis
N330000 Osteoporosis, unspecified
N330100 Senile osteoporosis
N330200 Postmenopausal osteoporosis
N330300 Idiopathic osteoporosis
N330400 Dissuse osteoporosis
N337000 Disuse atrophy of bone
N330600 Postoophorectomy osteoporosis
N330700 Postsurgical malabsorption osteoporosis
N330800 Localized osteoporosis—Lequesne
N330900 Osteoporosis in multiple myelomatosis
N330A00 Osteoporosis in endocrine disorders
N330C00 Osteoporosis localized to spine
N330D00 Osteoporosis due to corticosteroids
N331D00 Collapsed vertebra NOS
N331200 Postoophorectomy osteoporosis with pathological fracture
N331300 Osteoporosis of disuse with pathological fracture
N331400 Postsurgical malabsorption osteoporosis with pathological fracture
N331500 Drug-induced osteoporosis with pathological fracture
N331600 Idiopathic osteoporosis with pathological fracture
N331800 Osteoporosis + pathological fracture lumbar vertebrae
N331900 Osteoporosis + pathological fracture thoracic vertebrae
N331A00 Osteoporosis + pathological fracture cervical vertebrae
N331B00 Postmenopausal osteoporosis with pathological fracture
N331H00 Collapse of cervical vertebra due to osteoporosis
N331J00 Collapse of lumbar vertebra due to osteoporosis
N331K00 Collapse of thoracic vertebra due to osteoporosis
N331L00 Collapse of vertebra due to osteoporosis NOS
NyuB000 [X]Other osteoporosis with pathological fracture
NyuB100 [X]Other osteoporosis
NyuB200 [X]Osteoporosis in other disorders classified elsewhere
NyuB800 [X]Unspecified osteoporosis with pathological fracture
66a..00 Osteoporosis monitoring
66a2.00 Osteoporosis treatment started
66a5.00 Osteoporosis—no treatment
66a6.00 Osteoporosis—dietary advice
66a7.00 Osteoporosis—dietary assessment
66a8.00 Osteoporosis—exercise advice
9Od0.00 Attends osteoporosis monitoring
9Od2.00 Osteoporosis monitoring default
66aE.00 Refer to osteoporosis specialist
9N0h.00 Seen in osteoporosis clinic
8HTS.00 Referral to osteoporosis clinic
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Table 4   (continued) Read code Description

9kj0.00 Bone sparing drug treatment offered for osteoporosis—enhanced 
services administration

9hP0.00 Excepted from osteoporosis quality indicators: patient unsuitable
9hP1.00 Excepted from osteoporosis quality indicators: informed dissent
N330z00 Osteoporosis NOS
N330500 Drug-induced osteoporosis
N374600 Osteoporotic kyphosis
58EG.00 Hip DXA scan result osteoporotic
58EM.00 Lumbar DXA scan result osteoporotic
58EV.00 Femoral neck DEXA scan result osteoporotic
N330B.00 Vertebral osteoporosis

Table 5   Read code list for  
Osteopenia

Read code Description

NyuBC00 [X]Osteopenia

Table 6   Read code list for Fragility fractures

Read code Description

7J42600 Primary bedrest stabilisation of spinal fracture
7J42700 Primary collar stabilisation of spinal fracture
7J42900 Primary cast stabilisation of spinal fracture
7J42B00 Primary other external stabilisation of spinal fracture
7J42C00 Revision to bedrest stabilisation of spinal fracture
7J42D00 Revision to collar stabilisation of spinal fracture
7J42G00 Revision to external fixation stabilisation of spinal fracture
7J42J00 Primary closed reduction spinal fracture alone
7J42L00 Primary closed reduction spinal fracture and bedrest stabilisation
7J42M00 Primary closed reduction spinal fracture and skull traction stabilisation
7J42y00 Other specified other reduction of fracture of spine
7J42z00 Other reduction of fracture of spine NOS
7J43.00 Fixation of fracture of spine
7J43000 Primary open reduction spinal fracture and internal fixation with plate
7J43100 Fixation of fracture of spine using Harrington rod
7J43200 Fixation of fracture of spine and skull traction however further qualified
7J43300 Primary open reduction spinal fracture and internal fixation with wire
7J43400 Primary open reduction spinal fracture and internal fixation with rod system
7J43700 Primary open reduction spinal fracture and other internal fixation
7J43900 Revision to open reduction spinal fracture and internal fixation with plate
7J43A00 Revision to open reduction spinal fracture and internal fixation with rod system
7J43C00 Revision to open reduction spinal fracture and internal fixation with internal fixator
7J43E00 Removal of fracture fixation device from spine
7J43y00 Other specified fixation of fracture of spine
7J43z00 Fixation of fracture of spine NOS
7K1D000 Primary open reduction and internal fixation of proximal femoral fracture with screw/nail and plate device
7K1D600 Primary open reduction and internal fixation of proximal femoral fracture with screw/nail device alone
7K1H600 Revision to open reduction and internal fixation of proximal femoral fracture with screw/nail device alone
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Table 6   (continued)

Read code Description

7K1H800 Revision to open reduction and internal fixation of proximal femoral fracture with screw/nail and plate device
7K1J000 Closed reduction and internal fixation of proximal femoral fracture with screw/nail device alone
7K1J600 Primary internal fixation(without reduction) of proximal femoral fracture with screw/nail and intramedullary device
7K1J800 Revision to internal fixation(without reduction) of proximal femoral fracture with screw/nail device alone
7K1JB00 Primary closed reduction and internal fixation of proximal femoral fracture with screw/nail device alone
7K1JD00 Primary closed reduction and internal fixation of proximal femoral fracture with screw/nail and plate device
7K1L400 Closed reduction of fracture of hip
7K1LL00 Closed reduction of fracture of radius and or ulna
7K1LM00 Closed reduction of fracture of wrist
7P20100 Delivery of rehabilitation for hip fracture
N1y1.00 Fatigue fracture of vertebra
N331D00 Collapsed vertebra NOS
N331F00 Collapse of thoracic vertebra
N331G00 Collapse of lumbar vertebra
N331200 Postoophorectomy osteoporosis with pathological fracture
N331300 Osteoporosis of disuse with pathological fracture
N331400 Postsurgical malabsorption osteoporosis with pathological fracture
N331500 Drug-induced osteoporosis with pathological fracture
N331600 Idiopathic osteoporosis with pathological fracture
N331800 Osteoporosis + pathological fracture lumbar vertebrae
N331900 Osteoporosis + pathological fracture thoracic vertebrae
N331A00 Osteoporosis + pathological fracture cervical vertebrae
N331B00 Postmenopausal osteoporosis with pathological fracture
N331H00 Collapse of cervical vertebra due to osteoporosis
N331J00 Collapse of lumbar vertebra due to osteoporosis
N331K00 Collapse of thoracic vertebra due to osteoporosis
N331L00 Collapse of vertebra due to osteoporosis NOS
N331M00 Fragility fracture due to unspecified osteoporosis
N331N00 Fragility fracture
NyuB000 [X]Other osteoporosis with pathological fracture
S10..00 Fracture of spine without mention of spinal cord injury
S102.00 Closed fracture thoracic vertebra
S102000 Closed fracture thoracic vertebra, burst
S102100 Closed fracture thoracic vertebra, wedge
S102200 Closed fracture thoracic vertebra, spondylolysis
S102300 Closed fracture thoracic vertebra, spinous process
S102400 Closed fracture thoracic vertebra, transverse process
S102500 Closed fracture thoracic vertebra, posterior arch
S102y00 Other specified closed fracture thoracic vertebra
S102z00 Closed fracture thoracic vertebra not otherwise specified
S104.00 Closed fracture lumbar vertebra
S104000 Closed fracture lumbar vertebra, burst
S104100 Closed fracture lumbar vertebra, wedge
S104200 Closed fracture lumbar vertebra, spondylolysis
S104300 Closed fracture lumbar vertebra, spinous process
S104400 Closed fracture lumbar vertebra, transverse process
S104500 Closed fracture lumbar vertebra, posterior arch
S104600 Closed fracture lumbar vertebra, tricolumnar
S106.00 Closed fracture sacrum
S106000 Closed compression fracture sacrum
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Table 6   (continued)

Read code Description

S106100 Closed vertical fracture of sacrum
S108.00 Closed fracture pelvis, coccyx
S10B.00 Fracture of lumbar spine and pelvis
S10B000 Fracture of lumbar vertebra
S10B100 Fracture of sacrum
S10B200 Fracture of coccyx
S10x.00 Closed fracture of spine, unspecified,
S10z.00 Fracture of spine without mention of spinal cord lesion NOS
S120.00 Closed fracture rib
S120000 Closed fracture of rib, unspecified
S120100 Closed fracture of one rib
S120200 Closed fracture of two ribs
S120300 Closed fracture of three ribs
S127100 Cough fracture of ribs
S120z00 Closed fracture of rib(s) NOS
S127.00 Fracture of rib
S120A00 Cough fracture
S132.00 Closed fracture pubis
S132000 Closed fracture pelvis, single pubic ramus
S132100 Closed fracture pelvis, multiple pubic rami—stable
S132200 Closed fracture pelvis, multiple pubic rami—unstable
S132y00 Other specified closed fracture pubis
S132z00 Closed fracture pubis NOS
S15..00 Fracture of thoracic vertebra
S220.00 Closed fracture of the proximal humerus
S220000 Closed fracture of proximal humerus, unspecified part
S220100 Closed fracture proximal humerus, neck
S220200 Closed fracture of proximal humerus, anatomical neck
S220300 Closed fracture proximal humerus, greater tuberosity
S220400 Closed fracture proximal humerus, head
S220500 Closed fracture of humerus, upper epiphysis
S220600 Closed fracture proximal humerus, three part
S220700 Closed fracture proximal humerus, four part
S220z00 Closed fracture of proximal humerus not otherwise specified
S226.00 Fracture of upper end of humerus
S234.00 Closed fracture of radius and ulna, lower end
S240.00 Closed fracture of carpal bone
S234000 Closed fracture of forearm, lower end, unspecified
S234100 Closed Colles' fracture
S234700 Closed Smith's fracture
S234200 Closed fracture of the distal radius, unspecified
S234300 Closed fracture of ulna, styloid process
S234400 Closed fracture of ulna, lower epiphysis
S234500 Closed fracture distal ulna, unspecified
S234600 Closed fracture radius and ulna, distal
S234B00 Closed fracture radial styloid
S234C00 Closed fracture distal radius, intra-articular, die-punch
S234D00 Closed fracture distal radius, extra-articular, other type
S234E00 Closed fracture distal radius, intra-articular, other type
S234z00 Closed fracture of forearm, lower end, NOS
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Table 4, 5, 6

Table 6   (continued)

Read code Description

S23B.00 Fracture of lower end of radius
S242.00 Fracture at wrist and hand level
S23C.00 Fracture of lower end of both ulna and radius
S30..00 Fracture of neck of femur
S300.00 Closed fracture proximal femur, transcervical
S300000 Closed fracture proximal femur, intracapsular section, unspecified
S300100 Closed fracture proximal femur, transepiphyseal
S300200 Closed fracture proximal femur, midcervical section
S300300 Closed fracture proximal femur, basicervical
S300400 Closed fracture head of femur
S300500 Closed fracture proximal femur, subcapital, Garden grade unspecified
S300600 Closed fracture proximal femur, subcapital, Garden grade I
S300700 Closed fracture proximal femur, subcapital, Garden grade II
S300800 Closed fracture proximal femur, subcapital, Garden grade III
S300900 Closed fracture proximal femur, subcapital, Garden grade IV
S300A00 Closed fracture of femur, upper epiphysis
S300y00 Closed fracture proximal femur, other transcervical
S300z00 Closed fracture proximal femur, transcervical, not otherwise specified
S302.00 Closed fracture of proximal femur, pertrochanteric
S302000 Closed fracture of proximal femur, trochanteric section, unspecified
S302100 Closed fracture proximal femur, intertrochanteric, two part
S302200 Closed fracture proximal femur, subtrochanteric
S302300 Closed fracture proximal femur, intertrochanteric, comminuted
S302400 Closed fracture of femur, intertrochanteric
S302z00 Closed fracture of proximal femur, pertrochanteric section, not otherwise specified
S304.00 Pertrochanteric fracture
S305.00 Subtrochanteric fracture
S30w.00 Closed fracture of unspecified proximal femur
S30y.00 Closed fracture of neck of femur NOS
S31z.00 Fracture of femur, NOS
S4B0100 Closed fracture-dislocation superior radio-ulnar joint
S4C..00 Fracture-dislocation or subluxation of wrist
S4C0.00 Closed fracture dislocation of wrist
S4C0000 Closed fracture-dislocation distal radio-ulnar joint
S4C0100 Closed fracture-dislocation radiocarpal joint
S4C2.00 Closed fracture-subluxation of the wrist
S4C2000 Closed fracture-subluxation, distal radio-ulnar jt
S4C2100 Closed fracture-subluxation radiocarpal joint
S4E..00 Fracture-dislocation or subluxation hip
S4E0.00 Closed fracture-dislocation, hip joint
S4E2.00 Closed fracture-subluxation, hip joint
SC01.00 Late effect of fracture of spine and trunk without mention of cord lesion
SC01100 Late effect of fracture of thoracic vertebra
SC01200 Late effect of fracture of lumbar vertebra
SC3D400 Sequelae of fracture of femur
S31..00 Other fracture of femur
7K1Jd00 Closed reduction of intracapsular fracture of neck of femur and internal fixation using a dynamic hip screw
7K1Y000 Remanipulation of intracapsular fracture of neck of femur and fixation using nail or screw



1426	 Osteoporosis International (2023) 34:1411–1427

1 3

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00198-​023-​06739-1.

Funding  CA is funded by the National Institute for Health Research 
(NIHR) Development and Skills Enhancement award. The views 
expressed are those of the authors and not necessarily those of the 
NIHR or the Department of Health and Social Care.

DPJO is supported by the University College London Hospitals 
NIHR Biomedical Research Centre and the NIHR North Thames 
Applied Research Collaboration. This funder had no role in study 
design, data collection, data analysis, data interpretation, or writing of 
the report. The views expressed in this article are those of the authors 
and not necessarily those of the NHS, the NIHR, or the Department of 
Health and Social Care.

Declarations 

Conflict of interest  Christina Avgerinou, Irene Petersen, Andrew 
Clegg, Robert M West, David Osborn, and Kate Walters declare that 
they have no conflict of interest.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, 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/.

References

	 1.	 Johnell O, Kanis A (2006) An estimate of the worldwide prev-
alence and disability associated with osteoporotic fractures. 
Osteoporos Int 17:1726–33

	 2.	 British Orthopaedic Association and British Geriatrics Soci-
ety (2007) The care of patients with fragility fracture. https://​
www.​bgs.​org.​uk/​resou​rces/​care-​of-​patie​nts-​with-​fragi​lity-​fract​
ure-​blue-​book. Accessed on 22 July 2022.

	 3.	 Kanis JA, Oden A, Johnell O et al (2001) The burden of osteo-
porotic fractures: a method for setting intervention thresholds. 
Osteoporos Int 12:417–427

	 4.	 National Hip Fracture Database (NHFD) annual report 2020. 
https://​data.​gov.​uk/​datas​et/​fa2c8​bc9-​4230-​4b8d-​8ba9-​1d6fc​
4affb​68/​natio​nal-​hip-​fract​ure-​datab​ase-​annual-​report-​2020 
(Accessed on 22 July 2022)

	 5.	 Hernlund E, Svedbom A, Ivergard M et al (2013) 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 Osteoporos 8:136

	 6.	 Kanis JA, Norton N, Harvey NC, Jacobson T, Johansson H, Lorentzon 
M, McCloskey EV, Willers C, Borgström F (2021) SCOPE 2021: a 
new scorecard for osteoporosis in Europe. Arch Osteoporos 16:82

	 7.	 Hodsman AB, Hanley DA, Josse R (2002) Do bisphosphonates 
reduce the risk of osteoporotic fractures? An evaluation of the 
evidence to date. CMAJ 166:1426–1430

	 8.	 Cummings SR, San Martin J, McClung MR et al (2009) Deno-
sumab for prevention of fractures in postmenopausal women 
with osteoporosis. N Engl J Med 361:756–765

	 9.	 Kendler DL, Marin F, Zerbini CAF et al (2018) Effects of teripara-
tide and risedronate on new fractures in postmenopausal women 
with severe osteoporosis (VERO): a multicentre, double-blind, 
double-dummy, randomised controlled trial. Lancet 391:230–240

	10.	 Clynes MA, Harvey NC, Curtis EM, Fuggle NR, Dennison EM, 
Cooper C (2020) The epidemiology of osteoporosis. Br Med 
Bull 133:105–117

	11.	 NICE Clinical Knowledge Summaries Osteoporosis - prevention 
of fragility fractures; last revised in July 2021. Accessed on 22 
July 2022.

	12.	 Hippisley-Cox J, Coupland C (2012) Derivation and validation 
of updated QFracture algorithm to predict risk of osteoporotic 
fracture in primary care in the United Kingdom: prospective 
open cohort study. BMJ 344:e3427

	13.	 Kanis JA, Johnell O, Oden A, Johansson H, McCloskey E 
(2008) FRAX™ and the assessment of fracture probability in 
men and women from the UK. Osteoporos Int 19:385–397

	14.	 Lewiecki EM, Leader D, Weiss R, Setareh A, Williams SA 
(2019) Challenges in osteoporosis awareness and management: 
results from a survey of US postmenopausal women. J Drug 
Assess 8(1):25–31

	15.	 GBD (2019) Fracture Collaborators. Global, regional, and 
national burden of bone fractures in 204 countries and territo-
ries, 1990–2019: a systematic analysis from the Global Burden 
of Disease Study 2019. Lancet 2021:e580–e592

	16.	 Valentin G, Ravn MB, Jensen EK, Frils K, Bhimjilyani A, Ben-
Schlomo Y, Hartley A, Nielsen CP, Langdahl B, Gregson CL 
(2021) Socio-economic inequalities in fragility fracture inci-
dence: a systematic review and meta-analysis of 61 observa-
tional studies. Osteoporos Int 32:2433–2448

	17.	 Lis Y, Mann RD (1995) The VAMP research multi-purpose 
database in the UK. J Clin Epidemiol 48:431–443

	18.	 https://​www.​hra.​nhs.​uk/​plann​ing-​and-​impro​ving-​resea​rch/​appli​
cation-​summa​ries/​resea​rch-​summa​ries/​the-​health-​impro​vement-​
netwo​rk-​thin-​datab​ase/ (Accessed on 22 July 2022)

	19.	 Booth N (1994) What are the Read codes? Health Libr Rev 
11:177–182

	20.	 Blak BT, Thompson M, Dattani H, Bourke A (2011) Generalis-
ability of The Health Improvement Network (THIN) database: 
demographics, chronic disease prevalence and mortality rates. 
Inform Prim Care 19:251–255

	21.	 Townsend P (1987) Deprivation. J. Soc Policy 16(2):125–146
	22.	 Maguire A, Blak BT, Thompson M (2009) The importance of 

defining periods of complete mortality reporting for research 
using automated data from primary care. Pharmacoepidemiol 
Drug Safety 18(1):76–83

	23.	 Horsfall L, Walters K, Petersen I (2013) Identifying periods of 
acceptable computer usage in primary care research databases. 
Pharmacoepidemiol Drug Safety 22:64–69

	24.	 Lewis JD, Bilker WB, Weinstein RB, Strom BL (2005) The rela-
tionship between time since registration and measured incidence 
rates in the General Practice Research Database. Pharmacoepide-
miol Drug Safety 14:443–451

	25.	 Burden AM, Tanaka Y, Xu L, Ha Y-C, McCloskey E, Cummings 
SR, Glüer CC (2020) Osteoporosis case ascertainment strategies 
in European and Asian countries: a comparative review. Osteo-
poros Int. https://​doi.​org/​10.​1007/​s00198-​020-​05756-8

	26.	 Wright NC, Looker AC, Saag KG, Curtis JR, Delzell ES, Randall 
S, Dawson-Hughes B (2014) The recent prevalence of osteoporo-
sis and low bone mass in the United States based on bone mineral 
density at the femoral neck or lumbar spine. J Bone Miner Res 
29(11):2520–2526

https://doi.org/10.1007/s00198-023-06739-1
http://creativecommons.org/licenses/by/4.0/
https://www.bgs.org.uk/resources/care-of-patients-with-fragility-fracture-blue-book
https://www.bgs.org.uk/resources/care-of-patients-with-fragility-fracture-blue-book
https://www.bgs.org.uk/resources/care-of-patients-with-fragility-fracture-blue-book
https://data.gov.uk/dataset/fa2c8bc9-4230-4b8d-8ba9-1d6fc4affb68/national-hip-fracture-database-annual-report-2020
https://data.gov.uk/dataset/fa2c8bc9-4230-4b8d-8ba9-1d6fc4affb68/national-hip-fracture-database-annual-report-2020
https://www.hra.nhs.uk/planning-and-improving-research/application-summaries/research-summaries/the-health-improvement-network-thin-database/
https://www.hra.nhs.uk/planning-and-improving-research/application-summaries/research-summaries/the-health-improvement-network-thin-database/
https://www.hra.nhs.uk/planning-and-improving-research/application-summaries/research-summaries/the-health-improvement-network-thin-database/
https://doi.org/10.1007/s00198-020-05756-8


1427Osteoporosis International (2023) 34:1411–1427	

1 3

	27.	 Ballard PA, Purdie DW, Langton CM, Steel SA, Mussurakis S 
(1998) Prevalence of osteoporosis and related risk factors in UK 
women in the seventh decade: osteoporosis case finding by clini-
cal referral criteria or predictive model? Osteoporos Int 8:535–539

	28.	 Yu F, Xia W (2019) The epidemiology of osteoporosis, associated 
fragility fractures, and management gap in China. Arch Osteo-
poros 14:32. https://​doi.​org/​10.​1007/​s11657-​018-​0549-y

	29.	 Hippisley-Cox J, Coupland C (2009) Predicting risk of osteoporo-
tic fracture in men and women in England and Wales: prospective 
derivation and validation of QFracture Scores. BMJ 339:b4229

	30.	 Compston J, Cooper A, Cooper C, Francis R, Kanis JA, Marsh D, 
McCloskey EV, Reid DM, Selby P, Wilkins M (2009) on behalf 
of the National Osteoporosis Guideline Group (NOGG)Guide-
lines for the diagnosis and management of osteoporosis in post-
menopausal women and men from the age of 50 years in the UK. 
Maturitas 62:105–108

	31.	 https://​www.​guide​lines​inpra​ctice.​co.​uk/​muscu​loske​letal-​and-​
joint​s-/​osteo​poros​is-​is-a-​new-​domain-​in-​the-​gms-​contr​act-​for-​
2012/​13/​335550.​artic​le (Accessed on 22 July 2022)

	32.	 https://​cks.​nice.​org.​uk/​topics/​osteo​poros​is-​preve​ntion-​of-​fragi​
lity-​fract​ures/​goals-​outco​me-​measu​res/​qof-​indic​ators/ last 
revised in July 2021 (Accessed on 22 July 2022)

	33.	 French S, Choden S, Schmajuk G (2019) Quality Measures and 
Quality Improvement Initiatives in Osteoporosis - an Update. 
Curr Osteoporos Rep 17:491–509

	34.	 Mitchell PJ, Cooper C, Fujita M, Halbout P, Akesson K, 
Costa M, Dreinhofer KE, Marsh DR, Lee JK, Chan D-C, 
Javaid MK (2019) Quality Improvement Initiatives in Fra-
gility Fracture Care and Prevention. Curr Osteoporos Rep 
17:510–520

	35.	 Curtis EM, van der Velde R, Moon RJ et al (2016) Epidemiol-
ogy of fractures in the United Kingdom 1988–2012: variation 
with age, sex, geography, ethnicity and socioeconomic status. 
Bone 87:19–26

	36.	 Yang J, Mao Y, Nieves JW (2020) Identification of prevalent 
vertebral fractures using Vertebral Fracture Assessment (VFA) 
in asymptomatic postmenopausal women: A systematic review 
and meta-analysis. Bone 136:115358

	37.	 Khalid et al (2022 ) One- and 2-year incidence of osteoporotic 
fracture: a multi-cohort observational study using routinely col-
lected realworld data. Ost Int 2022. https://​www.​ncbi.​nlm.​nih.​
gov/​pmc/​artic​les/​PMC87​58600/

	38.	 Barake M, El Eid R, Ajjour S, Chakhtoura M, Meho L, 
Mahmoud T, Atieh J, Sibai AM, El-Hajj FG (2021) Osteoporo-
tic hip and vertebral fractures in the Arab region: a systematic 
review. Osteoporos Int 32:1499–1515

	39.	 Imai N, Endo N, Shobugawa Y, Oinuma T, Takahashi Y, Suzuki 
K, Ishikawa Y, Makino T, Suzuki H, Miyasaka D, Sakuma M 
(2019) Incidence of four major types of osteoporotic fragility 
fractures among elderly individuals in Sado, Japan, in 2015. J 
Bone Miner Metab 37:484–490

	40.	 Cortet B, Chauvin P, Feron JM, Grange L, Coulomb A, Launois 
R, Alliot-Launois F, Sellami R, Touboul C, Vincent B, Joubert 
JM, Briot K (2020) Fragility fractures in France: epidemiology, 
characteristics and quality of life (the EPIFRACT study). Arch 
Osteoporos 15:46

	41.	 Sibai AM, Nasser W, Ammar W, Khalife MJ, Harb H, El-Hajj 
FG (2011) Hip fracture incidence in Lebanon: a national regis-
try-based study with reference to standardized rates worldwide. 
Osteoporos Int 22:2499–2506

	42.	 Abeygunasekara T, Lekamwasam S, Lenora J, Alwis G (2020) 
Current incidence and future projections of fragility hip frac-
tures in Sri Lanka. Arch Osteoporos 15:178

	43.	 Tanha K, Fahimfar N, Nematollahi S, Mahmoud Sajjadi-Jazi S, 
Gharibzadeh S, Sanjari M, Khalagi K, Hajivalizedeh F, Raeisi 
A, Larijani B, Ostovar A (2021) Annual incidence of osteoporo-
tic hip fractures in Iran: a systematic review and meta-analysis. 
BMC Geriatr 21:668

	44.	 Diamantopoulos AP, Rohde G, Johnsrud I, Skoie IM, Johnsen V, 
Hochberg M, Haugeberg G (2012) Incidence rates of fragility hip 
fracture in middle-aged and elderly men and women in southern 
Norway. Age Ageing 41:86–92

	45.	 Oliveira CM, Alves SM, Pina MF (2016) Marked socioeconomic 
inequalities in hip fracture incidence rates during the Bone and 
Joint Decade (2000–2010) in Portugal: age and sex temporal 
trends in a population based study. J Epidemiol Community 
Health 70:755–763

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

https://doi.org/10.1007/s11657-018-0549-y
https://www.guidelinesinpractice.co.uk/musculoskeletal-and-joints-/osteoporosis-is-a-new-domain-in-the-gms-contract-for-2012/13/335550.article
https://www.guidelinesinpractice.co.uk/musculoskeletal-and-joints-/osteoporosis-is-a-new-domain-in-the-gms-contract-for-2012/13/335550.article
https://www.guidelinesinpractice.co.uk/musculoskeletal-and-joints-/osteoporosis-is-a-new-domain-in-the-gms-contract-for-2012/13/335550.article
https://cks.nice.org.uk/topics/osteoporosis-prevention-of-fragility-fractures/goals-outcome-measures/qof-indicators/
https://cks.nice.org.uk/topics/osteoporosis-prevention-of-fragility-fractures/goals-outcome-measures/qof-indicators/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8758600/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8758600/

	Trends in incidence of recorded diagnosis of osteoporosis, osteopenia, and fragility fractures in people aged 50 years and above: retrospective cohort study using UK primary care data
	Abstract
	Summary 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Data source
	Study design
	Study population and period
	Definition of variables
	Incidence
	Statistical analysis
	Ethical approval

	Results
	Osteoporosis
	Osteopenia
	Fragility fractures

	Discussion
	Conclusion
	Appendix
	Anchor 24
	References


