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Objective: To develop and externally validate prediction models for incident hand osteoarthritis (OA) in a
large population-based cohort of middle aged and older men and women.
Design: We included 17,153 men and 18,682 women from a population-based cohort, aged 35
e70 years at baseline (1995e1997). Incident hand OA were obtained from diagnostic codes in the
Norwegian National Patient Register (1995e2018). We studied whether a range of self-reported and
clinically measured predictors could predict hand OA, using the Area Under the receiver-operating Curve
(AUC) from logistic regression. External validation of an existing prediction model for male hand OA was
tested on discrimination in a sample of men. Bootstrapping was used to avoid overﬁtting.
Results: The model for men showed modest discriminatory ability (AUC ¼ 0.67, 95% CI 0.62e0.71).
Adding a genetic risk score did not improve prediction. Similar discrimination was observed in the model
for women (AUC ¼ 0.62, 95% CI 0.59e0.64). Prediction was not improved by adding a genetic risk score or
hormonal and reproductive factors. Applying external validation, similar results were observed among
men in HUNT (The Nord-Trøndelag Health Study) as in the developmental sample (AUC ¼ 0.62, 95% CI
0.57e0.65).
Conclusion: We developed prediction models for incident hand OA in men and women. For women, the
model included body mass index (BMI), heavy physical work, high physical activity and perceived poor
health. The model showed moderate discrimination. For men, we have shown that a prediction model
including BMI, education and information on sleep can predict incident hand OA in several populations
with moderate discriminative ability.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of Osteoarthritis Research Society
International. This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/).

Keywords:
Osteoarthritis
Hand
Prediction
Risk
Discrimination

Introduction
* Address correspondence and reprint requests to: M.B. Johnsen, Institute of
Clinical Medicine, University of Oslo, PO Box 1072 Blindern, N-0316, Oslo, Norway.
Tel.: 47-23-01-63-24; Fax: 47-23-01-61-50.
E-mail addresses: m.b.johnsen@medisin.uio.no (M.B. Johnsen), mangusson_
karin@outlook.com (K. Magnusson), sigrid.borte@gmail.com (S. Børte), maiken.e.
gabrielsen@ntnu.no
(M.E.
Gabrielsen),
bendik.s.winsvold@gmail.com
(B.S. Winsvold), anne.heidi.skogholt@ntnu.no (A.H. Skogholt), laurent.thomas@
ntnu.no (L. Thomas), kjersti.storheim@medisin.uio.no (K. Storheim), kristian.
hveem@ntnu.no (K. Hveem), j.a.zwart@medisin.uio.no (J.-A. Zwart).
a
shared 1. Authorship.

The disease burden of osteoarthritis (OA) of the hands is
regarded to be comparable to, or higher than that experienced with
rheumatoid arthritis1. Since treatment options are limited, identifying factors for prevention and management of hand OA is
important. Prediction models allow for the estimation of individual
risk, and may be utilized for risk reduction and improved disease
outcomes. Predicting the OA risk from a combination of risk factors
has been attempted in several study samples for hip and knee OA,
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demonstrating moderate ability to discriminate between those
who later do, or do not, develop hip and knee OA2e4. However, only
one prediction model exists for hand OA5. This model had a moderate ability to predict hand OA (Area Under Curve [AUC] ¼ 0.6)5.
The study sample, in which the hand OA prediction model was
developed, consisted of young men only, and its performance in
other samples is unexplored. Thus, no prediction model exist for
hand OA in middle aged or older men, or in women. Given the high
prevalence of hand OA in these groups6,7, the development, validation and reﬁnement of prediction models is important for
improved disease prevention. Potential relevant predictors for
women, other than those relevant for men, may be hormonal and
reproductive factors like parity, age at menarche and use of hormone replacement therapy8e10. Further, genetic factors seem to
play an important role also in hand OA11. To date, two genome-wide
association studies (GWAS) on hand OA have been performed with
a few genetic variants being successfully identiﬁed12,13. Thus, the
aim of this study was to develop new prediction models and
externally validate the existing one, in a large population-based
cohort of middle aged and older men and women.

933

with genotype information, who were free of hand OA, and between 35 and 70 years of age at baseline (Fig. 1). The HUNT2
baseline data were linked to medical diagnoses obtained from the
Norwegian National Patient Register (NPR) (individual level data).
Persons having hand OA prior to 1995 (baseline) were excluded.
The NPR is a national administrative health register that contains
information of all admissions to hospital, both public and private.
All participants in HUNT2 have signed a written informed consent
regarding the use of data from questionnaires, biological samples
and linkage to other registries for research purposes14,15. The current study was approved by the Regional Committee for Medical
and Health Research Ethics (REK) 2015/573. The study conforms to
the recommendation of Transparent Reporting of a multivariable
prediction model for Individual Prognosis Or Diagnosis (TRIPOD)16.
Deﬁnition of hand OA

Method

We deﬁned incident hand OA as the ﬁrst record in secondary
care between baseline in HUNT2 (1995e1997) and December 31,
2018, with relevant ICD-9 and ICD-10 codes from the NPR (either
one of the following; 715, M15, M18 or M19) (Supplementary
material 1).

Study population

Self-reported predictors

The Nord-Trøndelag Health Study (HUNT) is a large populationbased cohort in Norway where all residents in the county of NordTrøndelag, aged 20 years and older, have been invited to participate. Data was collected through three cross-sectional surveys,
HUNT1 (1984e1986), HUNT2 (1995e1997) and HUNT3
(2006e2008), and has been described in detail elsewhere14,15, with
the fourth survey recently completed (HUNT4 2017e2019). For the
present study, we included participants in HUNT2 (1995e1997)

We selected predictors based on the previous prediction model
for hand OA5, in addition to other putative predictors available from
the baseline questionnaire in HUNT2 that could contribute to a
better predictive performance (Fig. 2). Self-reported predictors
included physically demanding work, leisure time physical activity,
education, smoking status, alcohol consumption, diabetes, anxiety
and depression [The Hospital and Anxiety Depression Scale
(HADS)], health status and sleep problems. For women, we also

Parcipated in HUNT2
n=65,229*

Successfully genotyped in
HUNT2
n=56,581**

Parcipants <35 yrs at baseline
n=12,492
Parcipants ≥70 yrs at baseline
n=8252
Hand OA prior to baseline (if age
between 35-70 yrs), n=2

Study sample
n=35,835

Men
n=17,153

Fig. 1

Women
n=18,682

Flowchart of the study sample included from the Nord-Trøndelag Health Study (HUNT). * Numbers of
participants are available at https://hunt-db.medisin.ntnu.no/hunt-db/. ** Passed quality control (QC) and
have information on hand OA (ICD codes).
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Self-reported predictors

Heavy physical work (yes/no)
Educaon (primary, secondary, college/university)
Leisure me physical acvity (inacve/low, medium,
high)
Smoking status (never, former, current)
Alcohol consumpon (abstainers, <3, ≥3 units per
week)
Diabetes (yes/no)
Anxiety and depression (mean HADS score)
Sleep problems (never, seldom, oen)
Perceived health (good/poor)
Parity (0, 1-2, ≥3)*
Age of menarche (≤11, 12, 13, 14, ≥15 years)*
Use of hormonal replacement therapy (never, past,
current)*

Measured predictors
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Body mass index (kg/m2)
Genec risk score**

Fig. 2

Baseline candidate predictors. *women only, ** DNA extracted from blood samples, including genotyping
of genetic variants associated with hand OA to calculate the genetic risk score. DNA, deoxyribonucleic acid.

included parity, age at menarche and hormonal replacement
therapy (HRT) as potential predictors that have previously been
associated with OA8e10. A more detailed description of the measurement units, categorization and collection of the predictors are
given in Supplementary material 2.
Clinically measured predictors
Body mass index (BMI) was calculated from height and weight
that were measured at attendance to the clinical examination at
baseline in HUNT2. Systolic and diastolic blood pressure (BP) levels
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Statistical analyses
All analyses were performed for men and women separately due
to difference in incidence and prevalence of hand OA between
genders7. First, we externally validated the existing model, in
addition to an updated and simpliﬁed version of the existing prediction model for male hand OA from the Swedish study5. We used
a sample of men (aged 35e70 years at baseline) from the general
population who had participated in HUNT2. With the logit of the
probability of hand OA as outcome [logit ðpÞ ¼ logðp =1  pÞ], the
existing prediction model included:

Logit ðhand OAÞ ¼  6:84 þ 1:03*upper secondary school > 3 yrs þ ð5:90*college = university > 3 yrsÞ þ 0:08*BMI
þ 0:18*sleep problemsÞ þ 0:22*BMI*college = university > 3 yrs

were measured with three consecutive automatic oscillometric BPmeasurements (Dinamap 845XT; Critikon, Tampa, FL, USA), recorded at 1-min intervals. The mean of the second and the third
readings were calculated. BP was registered to the nearest 2 mm Hg
(Supplementary material 2).
DNA was extracted from blood samples collected at and stored
at the HUNT Biobank. Details of the calling, quality control and
imputation of the nuclear genotypes in HUNT have been
described elsewhere17. We used two previously published
genome-wide association (GWA) studies on hand OA to select
single-nucleotide polymorphisms (SNPs) for calculating a genetic
risk score12,13. Three independent SNPs were included in the
current genetic risk score (Supplementary material 3). Similar to
previous hip and knee OA studies2,3, we selected SNPs with Pvalue below 1x 107 and calculated the genetic risk score as the
dosage of the effect allele for each SNP, weighted by the effect
estimated reported in the GWA studies on hand OA12,13;
S risk allele ðnon  weightedÞ  ðlogÞ odds ratio from GWAS
GWAS ðweightedÞ.

The existing model was then updated to reﬂect differences in
case mix and different measurement categories of predictors between our sample and the sample used to develop the existing
model5, e.g., to include age and a slightly different categorization of
educational level. Moreover, we did not constrain the regression
coefﬁcients or the model intercept, but updated the intercept to
reﬂect baseline risk of incident hand OA in the current study
sample.
For women, all models were developed from the material
available in HUNT2. For both men and women, the model development building procedure was as follows: First, we performed
univariate analyses to assess the relationship between each
candidate predictor and incident hand OA. Second, we included all
the predictors from the univariate analysis in a saturated multivariable model, independent of statistical signiﬁcance, since all the
variables were selected based on the rationale of being a risk factor
for hand OA. We performed logistic regression analysis with
backward elimination of predictors with P > 0.20. In each subsequent step, we removed the predictor with the highest P-value
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(and/or based on quality of the predictor, e.g., missing data and the
information the variable comprised) if the removal of the predictor
in question did not lead to a drop in the model's discriminative
ability (AUC). Third, nonlinear effects of continuous variables were
assessed using restricted cubic spline plots with the recommendations of Harrell18 regarding the number and location of knots. If
deviation from linearity were observed, we created linear splines
with knots based on the plot to estimate linear effects. For categorical variables, we reduced or recoded the number categories if
certain categories were found not to be of statistical signiﬁcance
(P > 0.20), or contribute to discrimination. We examined the ﬁt of
the models using the likelihood ratio test and Akaike information
criterion (AIC). After identifying the most optimal parameterization
and categorization, we included the predictors in a ﬁnal model.
Lastly, we included the genetic risk score and reproductive and
hormonal factors (the latter for women only) in the ﬁnal models to
determine the independent and added predictive value of these
variables16,19, as performed in former studies predicting hip and
knee OA2,3. Our models were ﬁtted using samples without any
missing data (complete-case analysis). A comparison of characteristics between those included vs excluded is depicted in Supplementary material 4.
The discrimination of the models was compared using Harrell's
C statistic (AUC). To ﬁnd the most universal model that can be
applied across different samples in future populations and studies,
we did not study interactions. However, as an alternative to interaction testing, we developed separate models for men and
women16, based on the hypothesis that the effect of the predictor(s)
on hand OA might differ by sex.
For analysis of the reproductive and hormonal factors, we
excluded women who had undergone a hysterectomy and/or oophorectomy as both these procedures can induce premature
menopause20,21, thus affect the use of HRT.
To correct for any potential overﬁtting and internally validate
the ﬁnal models, we performed a bootstrap resampling procedure
with 1,000 iterations22. The AUCs and 95% CIs of the ﬁnal models
were based on this bootstrap resampling. We studied calibration
plots of the ﬁnal models, showing the agreement between

Age, years, mean (SD)
BMI, kg/m2, mean (SD)
N incident hand OA cases
Education, n (%)
Primary
Secondary
College/university
Missing
Smoking status, n (%)
Never
Former
Current
Missing
Poor health, n (%)
Missing

935

Men (n ¼ 17,153)

Women (n ¼ 18,682)

51.0 (9.6)
26.8 (3.4)
206

50.9 (9.7)
26.4 (4.5)
732

5,482 (32.0)
7,525 (43.9)
3,678 (21.4)
468 (2.7)

7,757 (41.5)
6,803 (36.4)
3,500 (18.7)
622 (3.3)

5,683 (33.1)
6,034 (35.2)
5,261 (30.7)
175 (1.0)
4,223 (24.6)
109 (0.6)

7,460 (39.9)
4,744 (25.4)
6,191 (33.1)
287 (1.5)
5,412 (29.0)
189 (1.0)

SD ¼ standard deviation, BMI ¼ body mass index, OA ¼ osteoarthritis.

Table I

Baseline characteristics of
the HUNT study sample
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of 20.6 years (SD 4.5). Incident hand OA was seen in 1.2% of the men
and 3.9% of the women. Baseline characteristics of the sample are
depicted in Table I. The results from the univariate analysis and the
saturated multivariable models for men and women are shown in
Supplementary material 5 and 6, respectively.
In the model including reproductive and hormonal factors for
women, we excluded 1,432 women who reported at baseline to
have undergone a hysterectomy and/or oophorectomy. This resulted in 17,250 women eligible for analysis, where 665 had incident
hand OA (Supplementary material 6).
Validation of the existing risk prediction model for men (developed
within the Swedish conscription register)

Logit ðhand OAÞ ¼  6:84 þ 1:03 * upper secondary school > 2 yrs þ ð  5:90 * college = university  4 yrs
þ 0:18 * sleep problems þ 0:22 *BMI * upper secondary school > 2 yrs

observed and predicted values by sample deciles, where perfect
predictions align along the 45 line23. All analyses were performed
in STATA MP (general-purpose statistical software package for
multiprocessor computers) v. 15.1.

External validation of the existing prediction model on hand OA
amongst the men in HUNT showed a discriminatory ability of Area
Under the receiver-operating Curve (AUC) 0.60 (0.56e0.64). This is
comparable to the ﬁndings in the original Swedish sample (AUC
0.62, 95% CI 0.58e0.64).

Results
The study sample included in total 35,835 participants without
hand OA at baseline, 17,153 men and 18,682 women. Mean age in
the sample was 51.0 (SD 9.7), BMI 26.6 (SD 4.0) and mean follow-up

Validation of the simpliﬁed model

Logit ðhand OAÞ ¼  7:53 þ 0:02 * age þ 0:07*BMI þ 0:05 * upper secondary school > 2 yrs þ ð  0:39 * college = university  4 yrsÞ
þ 0:55 * sleep problems
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The validation of a simpliﬁed version of the existing prediction
model on hand OA showed similar discriminatory ability amongst
men in HUNT2, AUC 0.62 (95% CI 0.57e0.65), as in the original
Swedish sample, AUC ¼ 0.62 (95% CI 0.58e0.64)5.
Development of risk prediction models for men in HUNT
For men, age was included as linear splines (knots at 50 and 60
years) and BMI were kept as continuous. Educational level (primary
vs higher education) and sleep problems (never/seldom vs weekly)
were collapsed from three to two categories based on the P-values
and effect on the model discrimination. The discriminatory ability
(AUC) of the ﬁnal model was 0.67 (95% CI 0.62e0.71) for men
(Table II). The model showed good agreement between observed
and predicted values of incident hand OA (Fig. 3). AUC of the genetic
risk score alone was 0.53 (95% CI 0.49e0.57). Including the genetic
risk score in the ﬁnal model did not change the discriminatory
ability (Table II).

Development of risk prediction models in for women in HUNT
For women, age was included as linear splines (knots at 48, 51
and 53 years) and BMI (kg/m2) was kept as continuous. We
collapsed the physical activity categories into low physical activity
(inactive/low) and high physical activity (medium/high), based on
the P-values and effect on the model discrimination. AUC of the
ﬁnal prediction model was 0.62 (95% CI 0.59e0.64) for women
(Table II). The model showed poor agreement between observed
and predicted values of incident hand OA (Fig. 4). AUC of the genetic
risk score alone was 0.53 (95% CI 0.51e0.55). Parity, age at
menarche and HRT together had an AUC of 0.55 (95% CI 0.53e0.58).
Neither the genetic risk score nor the reproductive and hormonal
factors signiﬁcantly changed the discriminatory ability when added
to the ﬁnal model (Table II).

1. Final model for incident hand OA for men.

Logit ðhand OAÞ ¼  10:82 þ 0:07 * age spline1 þ ð0:05 * age spline2Þ þ 0:06 * age spline3 þ 0:07*BMI þ 0:39 * higher education
þ 0:77 * heavy work þ 0:46 * sleep problems

2. Final model þ genetic risk score for men.

Logit ðhand OAÞ ¼  10:57 þ 0:07 * age spline1 þ ð0:05 * age spline2Þ þ 0:06 * age spline3 þ 0:07 * BMI þ 0:39 * higher education
þ 0:77*heavy work þ 0:46*sleep problems þ ð  0:40*genetic risk scoreÞ

Men

AUC (95% CI)*
Sensitivity
Speciﬁcity
Proportion correctly
classiﬁed

Women

Final modely

Final model þ genetic risk
scorey

Final modelz

Final model þ genetic risk
scorez

Final model þ reproductive and hormonal
factorsx

0.67 (0.62
e0.71)
65.5%
61.1%
61.2%

0.67 (0.62e0.71)

0.62 (0.59
e0.64)
56.7%
59.2%
59.0%

0.62 (0.60e0.64)

0.62 (0.60e0.65)

56.5%
59.2%
59.1%

56.1%
61.6%
61.4%

65.5%
61.3%
61.1%

*
Bias corrected 95% CI, AUC ¼ area under the curve, OA ¼ osteoarthritis, the cut-offs for classiﬁcation were the observed proportions with hand OA in men (0.012) and
women (0.039). Included in the models.
y
n ¼ 13,580.
z
n ¼ 14,858.
x
n ¼ 12,888.

Table II

Discriminatory performance of the prediction models for hand OA in men and women
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Fig. 3

Calibration plot for the ﬁnal
prediction model for incident
hand OA for men. Black dots
represent the agreement between observed and predicted values of hand OA with
95% conﬁdence intervals.
The 45 line represents perfect predictions. The solid
black line is a smoothed calibration line depicting the
average agreement between
the observed and predicted
number of men with hand OA.
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Fig. 4

Calibration plot for the ﬁnal
prediction model for incident
hand OA for women. Black
dots represent the agreement
between observed and predicted values of hand OA with
95% conﬁdence intervals.
The 45 line represents perfect predictions. The solid
black line is a smoothed calibration line depicting the
average agreement between
the observed and predicted
number of women with hand
OA.
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1. Final model for incident hand OA for women.

Logit ðhand OAÞ ¼  6:20 þ 0:05 * age spline1 þ ð0:06 * age spline2Þ þ ð0:13 * age spline3Þ þ ð0:05 * age spline4Þ þ 0:02 * BMI
þ 0:31 * heavy work þ ð  0:13 * high physical activity Þ þ 0:54 * poor health:

2. Final model including the genetic risk score for women.

Logit ðhand OAÞ ¼  6:33 þ 0:05 * age spline1 þ ð0:06 * age spline2Þ þ 0:13 * age spline3 þ ð0:05 * age spline4Þ þ 0:02 * BMI
þ 0:31 * heavy work þ ð  0:13 * high physical activityÞ þ 0:54 * poor health þ 0:27 * genetic risk score:
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3. Final model including reproductive and hormonal factors for
women.

studies of knee OA using radiographic changes as predictors and as
deﬁnitions of incident disease.

Logitðhand OAÞ ¼ 5:99 þ 0:05* age spline1 þ ð0:11 * age spline2Þ þ 0:16 * age spline3þ
ð0:05 * age spline4Þ þ 0:02 * BMI þ 0:34 * heavy work þ ð0:11 * high physical activityÞþ
0:51 * poor health þ ð0:23 * parity; 1  2Þ þ ð0:25 * parity  3Þ þ 0:18 * age menarche 12 yrs þ 0:18*
age menarche 13 yrs þ 0:07 * age menarche 14 yrs þ 0:24*
age menarche  15 yrs þ 0:31 * HRT former use þ 0:28 * HRT curent use:

Discussion
In a population-based sample of more than 35,000 persons, we
found that an existing prediction model on hand OA for young men
performed equally well in our sample of men as in the development
sample. We also found that incident hand OA could be equally well
predicted by using a novel prediction model for women. Including a
genetic risk score or information on female reproductive and hormonal history (women only) did not improve prediction. Except for
the existing prediction model for men5, we are not aware of other
studies predicting hand OA to compare of our ﬁndings.
The discriminative ability of the prediction models for hand OA
in the current study was modest, but comparable to what has been
previously reported for hip and knee OA2,3,24. To date, a good AUC
(>0.75) in prediction models of OA has only been reached in studies
that included structural changes visual on X-ray both as a predictor
and as outcome2,3. However, this is expected and may be of small
clinical use because two similar constructs are likely to predict each
other perfectly. Kerkhof et al.2 reported a discrimination (AUC) of
0.66 in a model developed for incident knee OA in a sample of 2,628
individuals from the Rotterdam Study (RS-I). Adding a genetic risk
score did not improve discrimination, however, inclusion of baseline Kellgren & Lawrence (KL) score increased AUC to 0.792. Prediction of incident hip OA was performed also in the RS-I cohort
(AUC 0.67) with external validation in the RS-II (AUC 0.60) and the
Cohort Hip and Cohort Knee Study (CHECK) (AUC 0.54)3. Again,
only inclusion of imaging variables increased discrimination (AUC
0.78)3. Radiographic information was not available in our study.
However, as previously acknowledged2,3, these minor radiographic
changes might be interpreted as an early state of OA and should be
considered perhaps more as predictors of disease progression than
of future risk of OA.
The population in the current study were slightly younger at
baseline (mean age 51 years) than in the former prediction studies
on OA2,3. Our study sample is perhaps most comparable to the RS-I
cohort, except for the older age, comprising a large sample from the
general population. While the external validation cohorts consisted
either of a high-risk population with early signs of symptomatic hip
or knee OA (CHECK Study)25, or women only, derived from a general practitioner's register in the Chingford Study26. In contrast to
the former studies2,3, we developed separate models for men and
women and deﬁned incident hand OA from diagnostic codes, i.e., a
clinically relevant end point as a proxy for more severe hand OA
(only those referred to specialist). In comparison to the former OA
prediction studies, we also had longer follow-up time. The ﬁrst
diagnosis of incident hand OA occurred after 1.6 years and the
average time to incident hand OA was 11.7 years (SD 4.6). We
acknowledge that also differences between study populations,
including difference in presence and distributions of predictors,
may affect risk prediction and explain the somewhat lower
discriminative ability in our study than what were observed in

In an attempt to explore predictors that can predict future hand
OA equally well as smoking can for lung cancer27, we included a
genetic risk score. However, the genetic risk score itself showed
poor prediction, both in the models for men and women (AUC
0.53), and did not add any discriminative ability to the models. Only
a few genetic variants for hand OA have been identiﬁed so far12,13.
We used strict criteria when selecting SNPs for the genetic risk
score, both regarding the P-value threshold and in that we did not
include SNPs in high linkage disequilibrium. Thus, the genetic risk
score comprised three genetic variants only; one from the
ALDH1A2 gene13, the Matrix Gla Protein (MGP) gene12, and one rare
variant at the 1p3113. The poor prediction could be due to the few
genetic markers, and that these explain only a small fraction of the
disease28. Moreover, we added reproductive and hormonal factors
to the model to investigate if these factors, despite being controversial risk factors for OA29, could improve prediction of hand OA in
women. However, introducing these factors only slightly affected
the performance of the model in the current study.
The ﬁnal prediction model for men and women demonstrated
modest ability to discriminate between those with and without
incident hand OA, based on the general suggestion that an AUC of
0.60e0.75 refers to poor to potentially helpful discrimination30,31.
However, the ﬁnal model for men showed good agreement between observed frequencies and predicted probabilities of hand
OA, as depicted in the calibration plot. The ﬁnal model for women
showed lower ability to correctly detect individuals with hand OA
(i.e., sensitivity) than the model for men. Furthermore, poorer
agreement between observed and predicted values of hand OA for
women, for those in the low and high risk groups, indicated that
low risks were underestimated and high risk were overestimated.
The poor calibration for women shows that prediction of hand OA is
complex, perhaps due to the unclear and heterogeneous etiology of
the disease7. Future prediction studies of hand OA might explore
more sophisticated statistical methods, like penalized regression
methods32, in order to improve the calibration and subsequent
validation.
Our study had several limitations. First, we had a relatively large
percentage missing data for some of the potential predictors, in
particular heavy physical work (missing 14% and 12% for men and
women, respectively) and sleep problems (missing for 19% of the
men). We did not performed multiple imputation of data since the
aim of the study was to develop a prediction model. Imputed data
would, similar to the prediction model itself, be based on predictions from a model developed from the same sample (risk of
overﬁtting etc.). However, including only participants with complete data may lead to biased results if these participants are not
representative of the whole study sample16. We observed some
differences in baseline characteristics between those included vs
those excluded due to missing data. Thus, some predictors might
have been under- or overestimated in the included sample, which
could bias the results. A second limitation is that we do not have
available hand OA diagnoses from primary care, therefore we
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cannot conclude on a prediction model for milder hand OA cases
based on our data. However, we believe the inclusion of data from
specialist care might have reduced the risk of misclassiﬁcation,
since rheumatologists and orthopaedic surgeons working in
specialist care will have more experience in making a correct hand
OA diagnoses than general practitioners who see a broad range of
patients. Therefore, to better predict milder hand OA disease, we
suggest that future prediction models use a combination of clinical
data and register data.
Third, we did not externally validate our results. In particular for
the model for women this would have been valuable since there are
no other existing prediction models to compare with. Important
strengths of our study were the prospective design and inclusion of
a large population-based sample representative for the entire
Norwegian population. We included less conventional predictors
than in the previous prediction model for hand OA5, more comparable to the existing prediction studies on hip and knee OA2,3. We
also used updated statistical methods, e.g., to assess nonlinear effects, using restricted cubic splines. When nonlinearity is present,
splines represents a better and more ﬂexible way to model a
continuous predictor, i.e., due to reducing the loss of information
from categorizing and potentially reducing the risk of over- or
underestimation of the model16,33. We acknowledge that splines
may not be as easily interpretable as categorization. Therefore, age
was also included as a categorical variable in the models (Supplementary material 7). However, this was performed only to enhance
the interpretation and comparison to other studies. A model
including splines could still be used to obtain individual predictions16. Thus, our studies may have direct clinical implications,
by allowing for the calculation of the total individual risk, at least
for men, since prediction models are more or less similar across two
large population-based cohorts in Sweden and Norway. As an
example, using the ﬁnal incident model, a man aged 60e70 years
who has all of the predictors and a BMI of 30, would have a 4.2
times higher risk of hand OA than the mean aged man with mean
BMI and none of the predictors (predicted risks 5.1% vs 1.2%).
Hence, as long as no disease-modifying treatments exist for (hand)
OA, the information obtained through prediction models may be
utilized to potentially reduce the individual risk of hand OA by
intervening on modiﬁable risk factors like BMI and sleep problems.
However, causality cannot be inferred directly from a prediction
study. The effect of the predictors on an outcome, and the effect of
intervening on them, can only be investigated in comparative,
preferably randomized, studies16. For women, future studies should
focus on the validation and reﬁnement of the prediction models
from the current study in order to improve the generalizability and
clinical usefulness of the models.
In conclusion, we have developed the ﬁrst prediction model for
hand OA in women. The models’ performance should be validated
in other samples. For men, there is increasing evidence that BMI,
education and information of sleep can predict incident hand OA in
several populations with moderate discriminative ability.
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