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Abstract

Objectives—Data on the incidence of symptomatic osteoarthritis (OA) are scarce. We estimated
incidence of clinical hip, knee and hand osteoarthritis, and studied the effect of prevalent OA on
joint-specific incident OA.

Methods—SIDIAP contains primary care records for >5 million people from Catalonia (Spain).
Participants aged =40 years with an incident diagnosis of knee, hip or hand OA between 2006 and
2010 were identified using ICD-10 codes. Incidence rates and female-to-male Rate Ratios (RR)
for each joint site were calculated. Age, gender and body mass index-adjusted Hazard Ratios (HR)
for future joint-specific OA according to prevalent OA at other sites were estimated using Cox
regression.

Results—3,266,826 participants were studied for a median of 4.45 years. Knee and hip OA rates
increased continuously with age, and female-to-male RRs were highest at age 70-75 years. In
contrast, female hand OA risk peaked at age 60-64 years, and corresponding female-to-male RR
was highest at age 50-55.

Adjusted HR for prevalent knee OA on risk of hip OA was 1.35 (99%CI 1.28-1.43); prevalent hip
OA on incident knee OA 1.15 (1.08-1.23). Prevalent hand OA predicted both incident knee and
hip OA: HR 1.20 (1.14-1.26) and 1.23 (1.13-1.34) respectively.
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Conclusions—The effect of age is greatest in the elderly for knee and hip OA, but around the
menopause for hand OA. OA clusters within individuals, with higher risk of incident knee and hip
disease from prevalent lower limb and hand OA.

BACKGROUND

METHODS

According to national health survey statistics (Catalan Health Survey 2011), self-reported
OA is highly common in the population of Catalonia (Spain): 46% and 21% of women and
men aged 45 and over in the region respectively report suffering OA (1). Cohort studies
carried out in Spain have shown a high prevalence of knee and hand OA of 10% and 6%
respectively (2). OA has a huge impact on health care costs: in Spain, costs of knee and hip
OA were of more than 4,700 million euro in 2007, equivalent to a 0.5% of the national gross
national product that same year (3)

Despite this, national data on incidence of OA are lacking, and studies are scarce even in the
international context. Although estimates of incident OA have been published for other
populations, most of these reports focused on radiographic OA (4, 5), which is much more
common but less clinically and economically relevant than symptomatic OA (6). Only one
of these studies explored the epidemiology of hip, knee, and hand OA in the same cohort

().

Women have consistently been shown to be at higher risk of hip, knee and hand OA, and
some studies have even reported a lower joint space width and higher narrowing in females
(8). Whether this increase in risk is constant with age or changes in relation with
endogenous oestrogen production and menopause is unclear (9, 10).

We used a large population-based database to characterize the risk of incident OA related to
age, gender and osteoarthritis at other joints by: (1.) estimating age and gender-specific
incidence rates of clinically diagnosed knee, hip and hand OA in actual practice conditions,
and (2.) studying the effect of a previous history of knee, hip and hand OA on risk of future
incident joint-specific OA.

Study design

Population-based, retrospective cohort study

Study population

General practitioners (GPs) are responsible for primary health care, long-term and most
short-term drug prescriptions and referrals to both specialists and hospitals in Spain. The
Spanish public healthcare system is universal, covering the practical totality of the
population. The data for this study were obtained from the SIDIAP (Sistema d’Informacié
per al Desenvolupament de I’ Investigacio en Atenci6 Primaria) Database. SIDIAP
(www.sidiap.org) comprises of anonymised primary care electronic medical records of a
highly representative sample of patients attending GPs in Catalonia (North-East Spain),
covering a population of about 5 million patients (80% of the total population) from 274
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primary care practices and with a total of 3,414 participating GPs. SIDIAP comprises of the
clinical and referral events registered by primary care health professionals in medical
records, comprehensive demographic information, prescription and corresponding pharmacy
invoicing data, specialist referrals, primary care laboratory test results, hospital admissions,
and their major outcomes (11). Health professionals gather this information using ICD-10
codes, and structured spreadsheets designed for the collection of relevant variables such as
country of origin, gender, age, body mass index, smoking and drinking status, blood
pressure measurements, etc. Encoding personal and clinic identifiers ensures the
confidentiality of the information in the SIDIAP Database. All participants aged =40 years
old SIDIAP with no history of OA at index joint on 01/01/2006 were eligible for this study.
Study participants were then followed up until the end of study (31/12/2010), transfer out or
death date, whatever came first.

Ascertainment of clinically diagnosed osteoarthritis

Date of incident diagnoses of OA registered in the period from 1/1/2006 to 31/12/2010 in
the study population were identified using ICD-10 codes for the following: knee OA (M17,
M17.0, M17.1, M17.2, M17.3, M17.4, M17.5, and M17.9), hip OA (M16, M16.0, M16.1,
M16.2, M16.3, M16.4, M16.5, M16.6, M16.7, and M16.9) and hand OA (M15.1, M15.2,
M18, M18.0 to M18.5, and M18.9). Data on OA coding within SIDIAP have been validated
against self-reported OA in the GLOW population-based cohort (12). SIDIAP does not
contain data on laterality of the joint affected, and therefore joint site (eg knee) is considered
here as a whole.

Validation of OA diagnosis in SIDIAP

Previous studies have shown that an OA diagnosis in SIDIAP is highly correlated with self-
reported OA (sensitivity 71% (95% CI 69% to 73%), specificity 94% (95% CI 92% to 95%)
in the GLOW cohort(12). To explore this further, we reviewed free text from the medical
records of a random sample of 150 study participants with a newly registered OA code. We
extracted any free text introduced in the primary care records in the 3 months before and
after the date of an OA diagnosis. Then, we have used automatic natural language chain
methods to anonymise the extracted text. Finally, one of the investigators, with a medical
background and extensive knowledge of the Catalan and Spanish language (DPA) reviewed
this text to identify: 1.mention of an X-Ray report, and 2.an alternative diagnosis.

Age and gender measurements

Age at cohort entry (on 1/1/2006 or first registration date in SIDIAP) was calculated based
on date of birth, which was obtained from ID card or passport as well as gender.

Statistical analyses

Age (in 5-year groups) and gender-specific incidence rates (and 99% confidence intervals)
in the study period were estimated. Age-specific female-to-male Rate Ratios (and 99%
confidence intervals) were calculated using Poisson regression.

Survival analysis methods were used to model time from study initiation (1/1/2006) or date
when the patient registered in one of the primary care practices covered by SIDIAP
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(whatever came last) to the date when the first of these events occurred: joint site OA
diagnosis, date when the patient transferred out of the area, date of death, or date of end of
study (31/12/2010). Cox regression modelling was used to compute adjusted (for age,
gender and body mass index) hazard ratios (HR) and 99% confidence intervals for an
incident clinical diagnosis of hip and knee OA according to prevalent joint-specific OA
status. As a proportion of participants had missing information for one of the confounders
(body mass index), we created a category for patients with missing values in order to avoid
dropping these patients in the multivariable analysis. All the statistical analyses were carried
out using Stata SE for Mac version 12.0.

After excluding SIDIAP participants aged <40 years, 3,266,826 participants were observed
for a median (inter-quartile range) of 4.45 (4.19-4.98) years. Among these, 96,222, 30,350
and 37,590 incident cases of knee, hip and hand OA were identified respectively. In
addition, 4,492 patients developed incident hip and hand OA, 14,171 knee and hand OA,
14,585 knee and hip OA, and 1,391 people developed incident OA at these three sites during
the observation period. Baseline characteristics for these three groups and for patients with
no prevalent or incident OA are shown in Table 1. New cases of hand OA were younger,
more likely to be females, thinner, and had fewer co-morbidities than participants with
newly diagnosed knee or hip OA.

Among the reviewed medical records extracts for 150 participants with an incident OA
diagnosis, 59 (39.3%) had evidence of an X-Ray confirmation, and only 2 (1.3%) patients
had an alternative diagnosis (1 polymyalgia rheumatica, and 1 senile rheumatoid arthritis).

Incidence rates (IR) [99% Confidence Intervals] of knee OA were 6.5/1,000 person-years
[6.4-6.6] overall, 8.3 [8.2-8.4] for female participants, and 4.6 [4.5-5.7] for males. Similarly,
IR of hip and hand OA were: 2.1 [2.0-2.1] and 2.4 [2.4-2.4] overall, 2.4 [2.4-2.5] and 3.5
[3.5-3.6] for females, and 1.7 [1.7-1.8] and 1.3 [1.2-1.3] amongst male participants. Age and
gender-specific IR of knee, hip and hand OA are shown in Figure 1 (and Supplementary
Tables ST1, ST2 and ST3 respectively). In female participants, rates of knee and hip OA
increased progressively with age, with a steepest slope in the ages 50 to 70 years, which then
slowed down and peaked at 75-80 and at 80-85 years respectively, with a slight decrease in
the final years of life (age 85 and older) [Figures 1a and 1b]. In contrast, IRs of hand OA in
females increased more rapidly at earlier ages (40-45 years onwards) peaking at 60 years
and then decreased in the elderly (>65) until reaching a trough at age 80-85 years to increase
again in the last years of life (>85) [Figure 1c]. Rates of knee, hip and hand OA followed a
more similar pattern in males: IRs increased continuously with age, and peaked only in the
oldest ages (>85 years).

Risk of all three joint-specific OA appeared overall higher in females: adjusted RR 1.52
[1.47-1.54; p<0.001] for knee OA, 1.19 [1.15-1.23; p<0.001] for hip OA, and 2.50
[2.38-2.56; p<0.001] for hand OA. However, different age patterns for the gender effect
were observed (figure 2). Women appeared at higher risk of knee OA from age 45 onwards
(adjusted RR 1.21 [1.17-1.25]; p<0.001 for participants aged 45-50 years), and the gender-
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related excess risk increased progressively peaking at age 70-75 years (adjusted RR 1.81
[1.76-1.86]; p<0.001) to decrease slowly in the final stages of life. Hip OA followed a
parallel pattern but starting at older ages: females had lower rates of hip OA than males in
their 41 decade of life (adjusted RR 0.77 [0.73-0.81; p=0.006] in the 40-45 years), and risk
was only increased for females aged 55 and older (adjusted RR 1.13 [1.06-1.20]; p=0.001 in
those aged 55 to <60 years); this excess risk increased with age reaching a peak among
participants aged 70-75 years (adjusted RR 1.37 [1.32-1.42]; p<0.001), and then slowly
decreased to approximate male rates in the oldest ages. As for hand OA, the effect of gender
was noticeable from the youngest ages (adjusted RR 2.55 [1.89-3.21]; p<0.001 in
participants aged 40 to 45 years), peaked at age 50-55 (adjusted RR 3.72 [3.43-4.01];
p<0.001) and then decreased with age, more steeply in the range of 60 to 80 years [Figure
2].

Results for Cox regression models on the effect of previous OA on incident hip and knee
OA were as follows: previous hip or hand OA were related to incident knee OA (age and
gender-adjusted HR 1.36 [1.28-1.45]; p<0.001, and 1.47 [1.40-1.54]; p<0.001 respectively)
independent of BMI (further BMI-adjusted HR 1.15 [1.08-1.23]; p<0.001 for prevalent hip
OA, and 1.20 [1.14-1.26]; p<0.001 for previous hand OA). Similarly, knee or hand OA
predicted future hip OA, with age and gender-adjusted HR of 1.66 [1.58-1.75]; p<0.001 and
1.41 [1.30-1.53]; p<0.001 respectively. This stood for further adjustment for body mass
index: HR 1.35 [1.28-1.43]; p<0.001 for previous knee OA, and HR 1.23 [1.13-1.34];
p<0.001 for a history of hand OA.

DISCUSSION

Key results

We report for the first time population-based estimates of incidence of clinically diagnosed
knee, hip and hand OA among men and women aged 40 years and older in a Southern
European/Mediterranean nation (Catalonia).

We show that the effects of age on both hip and knee OA risk in women follow similar
patterns, increasing rapidly between age 50 and 75 years, and then decreasing in the oldest.
Conversely, risk of incident hand OA peaks in women after typical menopause ages (55-60
years) and then plateaus, decreasing eventually in the elderly. Age-specific incidence of
knee, hip and hand OA follow parallel trends in males, increasing continuously with age
until the last stages of life. Gender-related excess risk for hip and knee OA is fairly stable
with age, increasing slowly from 50 to 70-75 years, and then decreasing in the oldest ages.
By contrast, the effect of female gender on risk of hand OA peaks around menopause, with
more than 3.5-fold higher rates in women aged 50 to 60 years when compared to men of
similar age. At older ages, the effect of age on hand OA risk attenuates, approximating to the
effect of female gender on knee OA among those aged 80 and older. Finally, we
demonstrate that a history of hand OA is associated with increased risk of hip and knee OA,
and that previous knee OA is related to higher risk of hip OA and vice versa, independently
of age, gender, and body mass index.
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Interpretation / put in context

Studies on incidence of OA are scarce, and it has been recognized that different definitions
of disease make comparisons between them difficult. Most studies have reported estimated
rates of either radiographic OA (usually defined by a Kellgren & Lawrence score=2) (4,
13-17), or symptomatic OA (radiographic OA accompanied by typical OA symptoms), and
some have studied self-reported OA (18). Although heterogeneity in case definition is
always present, reliability problems have been raised particularly for radiographic studies
(16), with studies on symptomatic OA offering more homogeneous and comparable results
(19). Although we used a different definition of OA based on physician diagnosis, our
estimates of incidence are comparable to other cohorts: as an example, incidence rates of
symptomatic knee OA were 6/1,000 person-years in the study by Kannus et al (20)
conducted in Finland, 10/1,000 in the Framingham cohort (21), 7.3/1,000 in the Norwegian
population (18), 7.6/1,000 in Japan (17), and 6.5/1,000 in our data. Clinically diagnosed OA
is most important with relation to patients’ quality of life and health care costs.

Only some of the incidence studies published had enough power to estimate age-specific
IRs, and register-based studies similar to ours did not report joint-specific estimates (22, 23).
The few papers reviewed demonstrated a continuously increasing risk of knee and hip OA
after the age of 40 years for both genders, peaking at ages around 75-80 years, close to our
results (7, 17, 24). By contrast, the differing patterns for hand OA in females versus males
observed in our study have been shown in some studies, but not all: while Oliveria et al (7)
showed continuously increasing risk until the age of 80 years, recent estimates from the
Framingham cohort have suggested a peak in hand OA incidence around menopause,
probably due to erosive hand OA, which appeared most commonly at the age of 50-55 years
in that same population (25).

The effect of female gender on the risk of OA has been estimated in a number of studies (13,
26, 27) and even compiled in a meta-analysis (28), but the interaction with age has not been
explored in the past. Our estimates of adjusted female-to-male age-specific risk ratios can
hence not be compared to previous publications, but crude estimates can be calculated based
on the information provided in some of the papers in press: while a gender effect would
increase slowly in hip and knee OA (7, 17), the highest excess risk related to female sex
seen around typical menopause ages (t0-59 years) on hand OA is consistent with previous
reports (7, 25). We speculate that this suggests a stronger effect of hormonal status on hand
than on lower limb OA, which might at least partially explain the controversial results
obtained from clinical trials on the effect of hormone replacement therapy on OA, which
focused on knee and hip disease (29, 30). Alternatively, gender differences in health seeking
behavior (eg women being more dissatisfied with hand deformity), or a higher awareness of
hand OA in women patients by general practitioners could explain this finding.

Data on the association between prevalent OA at one joint and incident symptomatic disease
at others are scarce. Contrary to our results, Felson and cols reported no association between
previous hand OA and incident knee OA in the Framingham cohort (15), but other authors
have demonstrated that there is an association between hand OA and both knee (31-33) and
hip OA (31-34). Event a recent study has shown that hand joint space narrowing predicts
magnetic resonance imaging-based knee OA traits (35). The effect size (HR) of the
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associations described are ostensibly attenuated when adjusted for BMI in our data,
suggesting that mechanical loading is important but does not fully explain the pathogenesis
of OA. Unobserved variables (genetics, joint shape, pain perception, etc) could explain this
BMI-independent association.

Strengths and limitations

Strengths of our study are a big sample size, allowing us to study the interactions between
gender and age on joint-specific OA risk, and the representativeness of the information
gathered, which covers >80% of the population of the region. However, we are uncertain
whether these findings are generalizable to other (eg Northern European, American)
populations.

The impact of the disease is predominantly due to cases with clinically symptomatic disease
seeking medical attention, which drives both the impact on patient symptoms as well as the
pharmacy or surgery interventions and health care-related costs.

The main potential limitation of these data is the lack of validation of each individual
diagnosis of OA, but previous cross-validation against classical cohort data have shown OA
coding in SIDIAP to be highly specific (12). In addition, although X-Ray imaging is not
required for the diagnosis of OA (36-38), we found evidence of radiological confirmation of
the diagnosis in almost 40% of a random sample of 150 cases. Only about 1% of these
patients had an alternative diagnosis close to the date of OA coding. All this suggests a high
reliability of the recording of OA in SIDIAP.

Conclusions

The incidence of knee and hip OA increases continuously with age for both genders, whilst
hand OA risk peaks around menopause in women. Related to this, the gender-related excess
risk observed for hand OA is highest at the age of 50-55 years, with a maximum increase of
almost 4-fold for female compared to male patients. Further investigations are required in
order to clarify the potential mechanisms underlying this interaction.

In addition, we demonstrate a BMI-independent association between previous hand OA and
incident knee and hip OA, supporting a systemic background for OA disease.
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Figure 1.
Age and gender-specific Incidence Rates (/1,000 person-years) of knee OA (black), hip OA

(red), and hand OA (green).
Solid = All population; Short dash line = women; Long dash line = men.
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Figure 2.
Age-specific unadjusted (solid) and multivariate adjusted (dash) female-to-male RRs for

knee, hip and hand OA.
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TABLE 1

Baseline characteristics of newly diagnosed OA patients

Knee OA Hip OA Hand OA No incident
N = 96,222 N = 30,350 N =37,590 | or preva-lent
OA
N =2.955m
Age mean(SD) 67.18 67.79 63.93 61.30 (15.51)
(11.17) (11.81) (11.65)
Gender n(%) males 34243 12698 9,738 1,472,916
(35.59) (41.84) (25.91) (49.84)
Body Mass <18.5 kg/m? 126,374 (8.3)
Index (BMI) | (underweight) | 85 (0.11) 72 (0.31) 79 (0.29)
N (%)
excluding 18.5 to <25 413,634
missings (normal (27.2)
weight) 7795 (10.44) | 3756 (16.28) | 5720 (20.8)
2510 <30 28259 10009 11577 646,805
(overweight) (37.86) (43.38) (42.09) (42.6)
>30 kg/m2 38508 10129 332,792
(obese) (51.59) 9235 (40.03) | (36.83) (21.9)
MISSING (% | 21,575 10,085 1,435,751
out of total N) | (22.42) 7,278 (24.0) | (26.83) (48.6)
Co-morbid Myocardial
conditions Infarction 2,038 (2.12) | 786 (2.59) 581 (1.55)
N (%)
Stroke 3,172 (3.30) | 1208 (3.98) 926 (2.46)
COPD 6,684 (6.95) | 2604 (8.58) 2155 (5.73)
DM 17,901 5199
(18.60) 5577 (18.38) | (13.83)
HT 53,377 16252 16928
(55.47) (53.55) (45.03)

COPD = Chronic Obstructive Pulmonary Disease; DM = Type 2 Diabetes Mellitus; HT = Hypertension
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Effect of prevalent hip and hand OA on risk of knee OA

TABLE 2

INCIDENT KNEE OA

Unadjusted

Age and Gender-

Unadjusted ; + BMI-adjusted
IR/1,000 py adjusted
[99%Cl] HR [99%CI] HR [99%Cl] HR [99%ClI]
REFERENCE 6.44
[6.38-6.49] REF REF REF
Previous 16.09 2.49 1.36 1.15
Hip OA [15.15- [2.44-2.54]; [1.28-1.45]; [1.08-1.23];
N =1,807 17.10] p<0.001 p<0.001 p<0.001
Previous 16.10 2.50 1.47 1.20
Hand OA [15.39- [2.44-2.55]; [1.40-1.54]; [1.14-1.26];
N =1,089 16.85] p<0.001 p<0.001 p<0.001
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Effect of prevalent knee and hand OA on risk of hip OA

TABLE 3

INCIDENT HIP OA

Unadjusted

Age and Gender-

Unadjusted : + BMlI-adjusted

1R/1,000 py adjusted
[99%CI] HR [99%Cl] HR [99%Cl] HR [99%Cl]

REFERENCE 2.07

[2.04-210] REF REF REF
Previous 5.98 2.89 1.66 1.35
Knee OA [5.70-6.29] [2.82-2.95]; [1.58-1.75]; [1.28-1.43];
N =2,699 p<0.001 p<0.001 p<0.001
Previous 481 2.32 141 1.23
Hand OA [4.45-5.20] [2.25-2.39]; [1.30-1.53]; [1.13-1.34];
N =1,089 p<0.001 p<0.001 p<0.001

Ann Rheum Dis. Author manuscript; available in PMC 2015 March 01.

Page 14



