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Abstract

Background: Arthropathy following repeated bleeding is common in persons with he-

mophilia. Since the introduction of prophylaxis, treatment has intensified and joint

health has improved. However, data on the long-term development of arthropathy are

still scant.

Objectives: To evaluate long-term arthropathy development since the introduction of

prophylaxis according to birth cohort, hemophilia severity, and inhibitor status.

Methods: This single-center historic cohort study included persons with severe and

moderate hemophilia A and hemophilia B born between 1935 and 2005. Arthropathy

on X-rays was evaluated using the Pettersson score. Patient and joint characteristics

were studied per birth cohort (<1970, 1970-1980, 1981-1990, and >1990) and

compared according to hemophilia severity. The distribution of affected joints and

cumulative incidence of arthropathy were analyzed. The association of Pettersson

score with birth cohort and inhibitor characteristics was explored using multivariable

regression analyses adjusted for age at evaluation.

Results: In total, 1064 X-rays of 363 patients were analyzed. Of persons with severe

hemophilia (n = 317, 87.3%), 244 (77.0%) developed arthropathy. Prophylaxis was

started at younger ages over time, from a median of 18 to 2.1 years, and concomitantly,

arthropathy decreased in consecutive birth cohorts. Ankles were most commonly

affected in 188 of 258 (72.9%) patients. Persons with moderate hemophilia (n = 46,

12.7%) had a lower risk of arthropathy (27/46 [58.7%]), but a reduction over time was

less pronounced. In the multivariable analyses, birth cohort and age at evaluation were

predictors for the development of arthropathy, while inhibitor status showed no

association.

Conclusion: The development and severity of arthropathy have decreased over the

past decades. However, patients have remained at risk for developing arthropathy,

especially in their ankles.
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Essentials

• Joint damage due to bleeds is common

• Long-term joint damage development a

• Birth cohort and age at X-ray evaluatio

• Ankles remained most susceptible to jo
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birth cohort, cohort studies, hemophilia A, hemophilia B, joint diseases, X-rays
in persons with hemophilia, impairing quality of life.

nd its predictors were studied in 1064 X-rays of 363 patients.

n were independent determinants of joint damage.

int damage in the youngest birth cohorts.
1 | INTRODUCTION

Hemophilia is a rare hereditary X-linked recessive genetic disorder

characterized by impaired blood coagulation due to a lack of functional

clotting factor (F)VIII in hemophilia A or FIX in hemophilia B [1]. In the

Netherlands, the prevalences of hemophilia A and B are estimated to be

17 and 2 per 100,000 males, respectively [2,3]. The severity of hemo-

philia is determined based on residual clotting factor levels and is

classified as severe (<0.01 IU/mL), moderate (0.01-0.05 IU/mL), or mild

(0.05-0.40 IU/mL). Personswith severe hemophilia have thehighest risk

of spontaneous bleeds, while persons with moderate and mild hemo-

philia often have a milder bleeding phenotype [1].

Arthropathy following repeated joint bleedings (hemarthrosis) is a

common comorbidity in persons with hemophilia. Intra-articular blood

leads to a multifactorial process of blood-induced joint destruction [4].

Previous research showed that health-related quality of life in persons

with hemophilia is often impaired and strongly related to the fre-

quency of joint bleeds and the extent of hemophilic arthropathy [5–7].

In order to prevent (joint) bleeds and subsequent arthropathy,

prophylaxis with clotting factor replacement treatment was intro-

duced in the 1970s. Over the past decades, as clotting factor products

became more widely available, prophylaxis has been started earlier,

and concomitantly, the number of accepted joint bleeds per year

decreased and joint health improved [8–13]. Another factor affecting

the efficacy of prophylaxis and bleeding control is the development of

neutralizing antibodies (inhibitors) against FVIII or FIX. The develop-

ment of inhibitors occurs in approximately 30% of persons with he-

mophilia A [14] and 10% of persons with hemophilia B [15]. For ±66%
of persons with hemophilia A, inhibitors can be eradicated by immune

tolerance induction. However, hemophilia B inhibitor eradication is

generally more difficult [16]. The development of inhibitors is a serious

complication and leads to an increased bleeding risk [17].

Studies on treatment intensity and long-term arthropathy have

been limited due to short follow-up and lowpatient numbers. Especially,

data on patients with past or present inhibitors are lacking. Therefore,

the primary objective was to evaluate the long-term development of

arthropathy according to birth cohort since the introduction of pro-

phylaxis in persons with severe hemophilia. The secondary objectives

were to evaluate the distribution of arthropathy per joint and compare

arthropathy according to hemophilia severity and inhibitor status.
2 | METHODS

2.1 | Study design, subjects, and setting

In this single-center retrospective cohort study, persons with severe

and moderate hemophilia A and hemophilia B (FVIII and FIX activity

<0.01 IU/mL and 0.01-0.05 IU/mL, respectively) born between 1935

and 2005 with information on long-term treatment and at least 1 X-ray

evaluation of elbows, knees, and ankles available were included. Pa-

tients were treated and had routine X-ray evaluations performed at the

Van Creveldkliniek, University Medical Centre Utrecht, Utrecht, the

Netherlands. Ethical approval was obtained from the Medical Ethics

Committee of the Utrecht Medical Centre Utrecht (number 22-725).
2.2 | Data collection and X-ray scoring

Patient and treatment characteristics were independently extracted

from preexisting research databases [18–21] and combined. Extracted

characteristics included the severity of hemophilia, year of birth, age

at X-ray evaluation, age at the start of prophylaxis, age at inhibitors,

and duration of inhibitors. Data were anonymized before analysis.

The primary outcome measure of the study was presence and

severity of arthropathy quantified using the validated radiologic Pet-

tersson score (PS) [22] on X-rays of elbows, knees, and ankles, taken

at ±5-year intervals during usual care. The PS classifies hemophilic

arthropathy according to 8 radiologic parameters for osteochondral

joint changes on a 0 to 1 or 0 to 2 point scale. Each elbow, knee, and

ankle is scored from 0 to 13, resulting in a total PS ranging from 0 to

78 points. An abnormal total PS at patient level was defined as ≥3. An
abnormal score at joint level was defined as ≥1 [23]. After joint

replacement surgery/arthrodesis, joints were scored as 13 on joint

level. PSs were assessed by 2 trained radiologists.
2.3 | Data analysis

Data were analyzed using R version 4.2.0 and IBM SPSS Statistics 27.

Missing data were handled using pairwise deletion. Categorical vari-

ables were reported as frequencies and percentages. For continuous



BOX . Treatment according to birth cohort [13,18].

Birth

cohort Treatment

<1970 No access to early clotting factor replacement
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variables, the normality of distribution was assessed using visual in-

spection and Shapiro–Wilk test for normality. Continuous variables

were reported with appropriate measures of central tendency and

dispersion. When multiple PSs were available per patient, the last

registered score was used unless specified otherwise. P values of

≤0.05 were considered statistically significant.

therapy

1970-

1980

Clotting factor replacement therapy (on-demand/

prophylaxis) became available for patients in

their childhood

1981-

1990

Prophylaxis became standard of care

>1990 Primary prophylaxis. Prophylaxis was gradually

started at a younger age, and fewer bleeds

were accepted
2.3.1 | Development of hemophilic arthropathy

As hemophilia treatment became more widely available over the past

decades, arthropathy development was studied according to the

following birth cohorts: <1970, 1970-1980, 1981-1990, and >1990

[13,18]. These birth cohorts are described in the Box. Persons with

severe hemophilia were divided into the aforementioned birth co-

horts, and characteristics were analyzed accordingly.

Total PS at patient level was visualized per birth cohort using

graphs. Every PS per patient was taken into account and clustered into

age categories according to age at X-ray evaluation (<20, 20-30, 31-

40, and >40 years). These age categories were made pragmatically to

evaluate the trend of arthropathy at group level at 10-year intervals.

One minus survival analyses were performed to estimate the

cumulative incidence of an abnormal PS at patient and joint levels for

patients in birth cohorts 1981-1990 and >1990 to evaluate the

differences between birth cohorts.

Distribution of hemophilic arthropathy: The prevalence of arthropathy

per joint was studied per birth cohort based on the presence ofminimally

one abnormal joint score per bilateral elbows, knees, and ankles.

Arthropathy in moderate hemophilia: Patient and treatment char-

acteristics and development of arthropathy of persons with moderate

hemophilia were compared with persons with severe hemophilia.

Categorical variables were analyzed using the chi-squared test, and

continuous variables were analyzed using the Mann–Whitney U-test.

Total PS at patient level was visualized similarly as described for

persons with severe hemophilia.
2.3.2 | Predictors of hemophilic arthropathy

Treatment characteristics: To evaluate the association between birth

cohort and arthropathy independently of other determinants, regression

analysis basedongeneralized linearmodeling (GLM)wasperformed.Due

to an excessive number of 0 values and the right-skewed distribution of

the PS, regression analysis was divided into 2 parts. First, a binary logistic

regression model was used to assess the association between birth

cohort and the presence of arthropathy (defined as abnormal total PS at

patient level). Second, for the patients with arthropathy, a GLM (gamma

distribution with log-link) was used to further investigate the effect of

birth cohort on the severity of arthropathy.

Inhibitor development: The independent effects of inhibitor devel-

opment (defined as age at inhibitors and duration of inhibitors) on the

presence and severity of arthropathy were studied using the same

regression models.
Univariable analyses were performed, and determinants were

selected for the multivariable model when the threshold of P value of

≤.1 was met. If both birth cohort and age at the start of prophylaxis

were eligible for inclusion in the multivariable model, only birth cohort

was included as both determinants are highly correlated. Multivari-

able analyses were adjusted for age at the last X-ray evaluation.
3 | RESULTS

In this study, a total of 363 patients were included. Patients were born

between 1935 and 2005. Radiologic data were collected between

1975 and 2022. The youngest patient was aged 7.1 years at the first

X-ray evaluation; the oldest was aged 79.1 years at the last evaluation.

A total PS was available for all X-ray evaluations. PSs at joint level

were available for 304 of 363 (83.7%) patients.
3.1 | Patient characteristics

Of the 363 includedpatients, 317 (87.3%) had severe hemophilia and46

(12.7%) had moderate hemophilia. Patient and joint characteristics of

persons with severe hemophilia are presented per birth cohort in

Table 1. Of 317 persons with severe hemophilia, 299 (94.3%) received

prophylaxis. The proportion of severe patients receiving prophylaxis at

one point during their treatment remained relatively constant between

birth cohorts andvariedbetween90.2%and98.3%.However, ageat the

start of prophylaxis became earlier over time, fromamedian of 18 years

(IQR, 13.1-30.6) <1970 to 2.1 years (IQR, 1.4-3.8) >1990.
3.2 | Development of hemophilic arthropathy

In persons with severe hemophilia, the development of arthropathy

reduced over time in consecutive birth cohorts. As depicted in

Figure 1A, patients born <1970 had the most arthropathy for all age



T AB L E 1 Characteristics of persons with severe hemophilia per birth cohort.

Birth cohort <1970 1970-1980 1981-1990 >1990

Patients 136 (42.9) 70 (22.1) 60 (18.9) 51 (16.1)

X-rays 356 (35.5) 325 (32.4) 218 (21.8) 103 (10.3)

Age at last evaluation 45.6 (36.7-51.3) 38.5 (31.3-41.8) 26.6 (20.6-30.6) 17.5 (14.6-21.6)

Treatment history

Received prophylaxis 127/136 (93.4) 67/70 (95.7) 59/60 (98.3) 46/51 (90.2)

Age at the start of prophylaxis 18.0 (13.0-31.3) 5.8 (4.0-9.0) 4.2 (2.6-5.9) 2.1 (1.3-3.8)

Inhibitors

History of inhibitors 13/136 (9.6) 10/70 (14.3) 8/60 (13.3) 6/51 (11.8)

Age at inhibitors 17.4 (7.2-32.6) 4.0 (2.0-17.5) 2.6 (1.7-4.9) 1.5 (0.8-1.8)

Duration of inhibitors 6.0 (0.6-13.3) 5.0 (0.9-10.3) 0.8 (0.4-4.4) 0.7 (0.4-2.1)

History of long-standing inhibitors (≥1 y) 5/8 (62.5) 5/7 (71.4) 3/8 (37.5) 2/5 (40.0)

Outcome

Total PS (0-78) 45.5 (32.0-59.0) 19.0 (8.5-26.5) 4.5 (1.0-12.5) 0 (0-2.0)

Abnormal total PS (≥3) 132/136 (97.1) 63/70 (90.0) 38/60 (63.3) 11/51 (21.6)

PS elbow (0-26) 17 (8-24.25) 3 (0-9) 0 (0-5) 0 (0-0)

Abnormal PS elbow (≥1) 82/90 (91.1) 39/63 (61.9) 22/54 (40.7) 7/51 (13.7)

PS knee (0-26) 16.50 (6-26) 2 (0-5) 0 (0-1) 0 (0-0)

Abnormal PS knee (≥1) 78/90 (86.7) 35/63 (55.6) 15/54 (27.8) 2/51 (3.9)

PS ankle (0-26) 21 (14-26) 11 (4-16) 2 (0-6.5) 0 (0-0)

Abnormal PS ankle (≥1) 88/90 (97.8) 56/63 (88.9) 32/54 (59.3) 12/51 (23.5)

Data are presented as n (%), n/N (%) or median (IQR, P25-P75). Age and duration are reported in years. Abnormal PS at joint level is noted as an abnormal

score for minimally 1 joint.

PS, Pettersson score.
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categories. Patients born in the birth cohorts after 1970 showed

both a gradual reduction in arthropathy severity per age category as

well as a less pronounced increase in arthropathy with age.
F I GUR E 1 Comparison per birth cohort of the total Pettersson score a

hemophilia and (B) persons with moderate hemophilia. All available X-ray e
Figure 2 shows the cumulative incidence of the development

of arthropathy in birth cohorts 1981-1990 and >1990. The

proportion of patients with an abnormal total PS was lower for
ccording to the age at X-ray evaluation of (A) persons with severe

valuations were taken into account (total 1064).



F I GUR E 2 One minus survival plot estimate for the cumulative incidence of arthropathy according to age at X-ray evaluation, comparing

birth cohorts 1981-1990 and >1990. (A) All joints, (B) elbows, (C) knees, and (D) ankles. PS, Pettersson score.
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patients born >1990 than for patients born between 1981 and

1990 over the whole follow-up period (Figure 2A). A similar pattern

could be observed for knees (Figure 2C), while for elbows and

ankles, the cumulative incidence remained relatively stable

(Figure 2B, D).
3.2.1 | Distribution of hemophilic arthropathy

PSs at joint level were available for 258 of 317 (81.4%) persons with

severe hemophilia and are presented in Table 1. Ankles were most

affected by arthropathy among all birth cohorts, with 88/90 (97.8%)

patients born <1970 and 12/51 (23.5%) patients born >1990 having

minimally 1 affected ankle. Among all birth cohorts, knees were

affected the least, with the proportion of patients with arthropathy

ranging from 78/90 (86.7%) born <1970 to 2/51 (3.9%) born >1990.

Moreover, between birth cohorts, the proportion of patients with

arthropathy in their knees decreased most strongly by 82.8% be-

tween <1970 and >1990. For elbows and ankles, the proportion of

patients with arthropathy decreased by 77.4% and 74.3%,

respectively.
3.2.2 | Arthropathy in moderate hemophilia

Patient and joint characteristics of persons with severe and moderate

hemophilia are presented in Supplementary Table S1. Similar to per-

sons with severe hemophilia, prophylaxis for persons with moderate

hemophilia was started progressively earlier, as visualized in the

Supplementary Figure. Nevertheless, persons with moderate hemo-

philia received prophylaxis less often compared with persons with

severe hemophilia (12/46 [26.1%] vs 299/317 [94.3%], respectively).

Moreover, persons with moderate hemophilia started prophylaxis only

at a median age of 13.8 years (IQR, 7.9-49.1 years) compared with 8.4

years (IQR, 3.9-17.2 years) in those with severe hemophilia.

As shown in Figure 1B, persons with moderate hemophilia had a

lower chance of developing arthropathy. However, a decrease in

arthropathy in consecutive birth cohorts was less pronounced.

Knees were most affected by arthropathy, with 24/46 (52.2%) pa-

tients having an abnormal PS at the joint level. Elbows and ankles

were both affected in 19/46 (41.3%) patients. When persons with

severe and moderate hemophilia were compared, as shown in

Supplementary Table S1, elbows and ankles were more frequently



T AB L E 2 Univariable and multivariable logistic regression for
presence of arthropathy and gamma regression for severity of
arthropathy analysis for determinants of total Pettersson score in
persons with severe hemophilia.

Determinant

Univariable Multivariable

Exp(B) (95% CI) Exp(B) (95% CI)

Presence of arthropathy

Birth cohort

<1970 1 1

1970-1980 0.26 (0.07-0.93) 0.40 (0.11-1.49)

1981-1990 0.05 (0.02-0.16) 0.17 (0.05-0.60)

>1990 0.01 (0.00-0.03) 0.05 (0.01-0.20)

Age at the last evaluation 1.16 (1.12-1.20) 1.08 (1.03-1.13)

Treatment history

Age at the start of prophylaxis 1.29 (1.19-1.40) -

Inhibitors

Age at inhibitors 1.09 (0.94-1.27) -

Duration of inhibitors 1.19 (0.89-1.59) -

Severity of arthropathy

Birth cohort

<1970 1 1

1970-1980 0.44 (0.37-0.53) 0.49 (0.41-0.59)

1981-1990 0.27 (0.22-0.34) 0.36 (0.28-0.47)

>1990 0.19 (0.14-0.28) 0.28 (0.18-0.41)

Age at last evaluation 1.04 (1.03-1.04) 1.01 (1.01-1.02)

Treatment history

Age at the start of prophylaxis 1.02 (1.01-1.03) -

Inhibitors

Age at inhibitors 1.01 (0.98-1.03) -

Duration of inhibitors 1.02 (0.97-1.07) -

Exp(B) from the logistic regression analyses for the presence of

arthropathy are presented as odds ratios, and Exp(B) from the gamma

regression analyses for the severity of arthropathy as incidence rate

ratios. Multivariable regression analyses included birth cohort, adjusted

for age at the last evaluation. Interpretation gamma regression: coefficients

were interpreted as multiplicative effects. For example, the incidence of

arthropathy (total Pettersson score at patient level ≥3) among patients

in birth cohort 1970-1980 (Exp[B] = 0.49) is 49% of the incidence of

arthropathy among patients born <1970.
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and severely affected in the former, while no difference in knees

was found.
3.3 | Predictors of hemophilic arthropathy

3.3.1 | Treatment characteristics

The results of the regression analyses are presented in Table 2. Uni-

variable regression analyses showed that birth cohort, age at the last
X-ray evaluation, and age at the start of prophylaxis were associated

with both the presence and severity of arthropathy.

To predict the presence of arthropathy with the multivariable

binary logistic analysis, birth cohort and age at the last X-ray evalu-

ation were included in the model and remained independent pre-

dictors, as shown in Table 2. Patients born between 1981 and 1990

and >1990 showed lower odds of having an abnormal PS,

independent of the age at the last X-ray evaluation (0.17 [95% CI,

0.05-0.60] and 0.05 [95% CI, 0.01-0.20], respectively). Patients born

between 1970 and 1980 showed comparable odds of an abnormal PS

compared with patients born <1970 (0.40 [95% CI, 0.11-1.49]; P =

.17). Age at the last X-ray evaluation showed a factor of 1.08 (95% CI,

1.03-1.13) higher odds of an abnormal PS per year of age as a result of

age-related joint deterioration. In Supplementary Table S2, patient

and treatment characteristics are summarized for persons with severe

hemophilia divided by normal and abnormal total PS.

Results of the multivariable GLM analysis regarding de-

terminants of the severity of arthropathy are shown in Table 2. Birth

cohort and age at the last X-ray evaluation were included in the

model and remained independent predictors. PSs were highest for

patients born <1970 and decreased steadily in consecutive birth

cohorts independent of the age at the last X-ray evaluation.

Compared with patients born <1970, patients born between 1970

and 1980 and 1981 and 1990 showed an improvement in joint health

(lower PS) due to the intensification of the prophylactic treatment

(factor 0.49 [95% CI, 0.41-0.59] and 0.36 [95% CI, 0.28-0.47],

respectively). Patients born >1990 showed the largest improvement

in joint health of factor 0.28 (95% CI, 0.18-0.41). Birth cohort was

adjusted for age at the last X-ray evaluation, which showed a factor

1.01 (95% CI, 1.01-1.02) increase in PS per year of age due to age-

related joint deterioration.
3.3.2 | Inhibitor status

Due to the data extraction from a combination of preexisting data-

bases, which excluded long-term inhibitors, only 37 (11.7%) of the 317

included persons with severe hemophilia had inhibitors at one point

during their prophylactic treatment (Table 1). The proportion of se-

vere patients per birth cohort with inhibitors remained relatively

constant, ranging from 9.6% to 14.3%. As inhibitors mostly develop in

the first 50 exposure days, in accordance with age at the start of

prophylaxis, the age at inhibitors also became progressively earlier in

consecutive birth cohorts: from a median of 17.4 years (IQR, 8.2-28.1)

(<1970) to 1.5 years (IQR, 0.8-1.6) (>1990). A decrease in the dura-

tion of inhibitors included was most pronounced between the birth

cohorts 1970-1980 and 1981-1990, from a median duration of 5

years (IQR, 1.0-9.0) in 1970-1980 to 0.8 years (IQR, 0.4-3.3) in 1981-

1990. Inhibitor status was not associated with the presence of joint

abnormalities on X-ray.

Univariable regression analysis for age at inhibitors and duration of

inhibitors was performed for persons with severe hemophilia (see

Table 2). In this cohort, neither age at inhibitors nor duration of
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inhibitors was associated with either the presence or severity of

arthropathy. Therefore, the age at inhibitor development and duration

of inhibitors were not included in the final multivariable regression

models.
4 | DISCUSSION

4.1 | Principal findings

This cohort study aimed to investigate the long-term development of

arthropathy and its predictors in persons with hemophilia A and hemo-

philia B born between 1935 and 2005. The development of arthropathy

decreased for persons with severe hemophilia born after 1970 when

clotting factor replacement therapy—first as on-demand treatment and

later as prophylaxis—became more widely available. Ankles were the

most commonly affected joint, followed by elbows and knees. In com-

parison, personswithmoderate hemophilia showed less arthropathy, but

a decrease in arthropathy development over time was less pronounced.

Inmultivariable analysis, birth cohort and age at the last X-ray evaluation

were the strongest predictors for thedevelopmentof arthropathy.Ageat

inhibitors and duration of inhibitors showed no association with long-

term arthropathy development.
4.2 | Strengths and limitations

One of the strengths of this study is the long-term follow-up and in-

clusion of patients born before 1970 when prophylactic therapy was

not yet widely available. A large number of persons with severe he-

mophilia were included, which allowed us to study them in predefined

birth cohorts. Additionally, persons with moderate hemophilia were

studied. Despite the limited number of persons with moderate he-

mophilia, these results support evidence of the differences in pheno-

type between severity levels. Further, X-rays were evaluated by 2

trained radiologists. Therefore, the risk of interobserver bias was

minimalized.

Some limitations need to be addressed as well. The present study

combined preexisting databases to evaluate the long-term arthropathy

development since the introduction of prophylaxis, which excluded

long-term inhibitors in most studies [18–20], except one that included

patients with long-term inhibitors [21]. This has probably led to an

underestimation of the predictive value of inhibitor development on

arthropathy in the present data. Due to the retrospective design of the

cohort study and the use of data collected over an extended period of

time, there were some missing data. Nevertheless, overall, only a small

proportion of patients (18/363 [5%]) had missing data in 1 or more of

the determinants of interest. However, one minus survival analyses

could not be performed for the older birth cohorts (<1970 and 1970-

1980), as these results would have been biased due to an older age at

the first X-ray evaluation. Furthermore, no information was available on

race and ethnicity of the included patients, which made it not possible
to assess their potential effects on treatment characteristics and

arthropathy development. Moreover, information on joint bleeds before

the start of prophylaxis was not available for all patients. However, as

the number of accepted joint bleeds before the initiation of prophylaxis

decreased over the past decades, the comparison between birth cohorts

indirectly took bleeds into account. Therefore, the results suggest the

cumulative effect of joint bleeds and the improvement of clotting factor

replacement therapy over time. Lastly, due to the excess number of

0 values and the right-skewed distribution of the PS, it was not feasible

to study all patients in a single regression model. Nevertheless, despite

this challenge, the use of 2 regression models allowed us to gather more

information on both the presence and severity of arthropathy

development.
4.3 | Comparison with previous publications

4.3.1 | Development of hemophilic arthropathy

In this cohort, the development of arthropathy decreased over time

and started to show up later on X-ray evaluation in consecutive birth

cohorts. Ankles were most commonly affected by arthropathy, fol-

lowed by elbows and knees. It is suggested that the availability of

prophylaxis enabled patients to participate in sports and other high-

impact activities, making ankles the most vulnerable joints [24].

Persons with moderate hemophilia experienced less arthropathy

than persons with severe hemophilia despite receiving prophylaxis

less often and starting at an older age. These results are in accordance

with those of Schmidt et al. [25], who studied 141 adolescents with

severe and moderate hemophilia aged a median of 15 years. Persons

with moderate hemophilia received prophylaxis in 61% vs 91% in

severe hemophilia and were older at the start (median, 5.3 years [IQR,

3.9-8.6 years] vs 1.5 years [IQR, 1.3-2.3 years]) but showed fewer joint

changes than those with severe hemophilia using the Haemophilia

Early Arthropathy Detection with Ultrasound score [25].
4.3.2 | Predictors of hemophilic arthropathy

The development of arthropathy was best predicted by birth cohort

and age at the last X-ray evaluation. Nijdam et al. [8] predicted long-

term PSs in 124 persons with severe hemophilia born since 1965, with

a median age of 22 years (IQR, 15.6-29.5). In patients starting pro-

phylaxis at ≥6 years of age, the highest PS and greatest age-related

increase were found, while patients starting at <3 years of age had

the lowest scores [8]. These findings were consistent with results

found by Khawaji et al. [26] in 81 persons with severe hemophilia born

between 1932 and 1992. They found that patients who started pro-

phylaxis at ≤3 years of age had better joint outcomes using the He-

mophilia Joint Health Score than those of patients starting at >3 years

of age (median, 3 years [range, 0-19 years] vs 40 years [range, 0-64

years]; P < .001). Further, in patients who started at >3 years of age,



8 of 9 - VAN HEEL ET AL.
age at the start of prophylaxis and age at evaluation were correlated

with the joint outcome score (r = 0.69; P < .001 and r = 0.60; P < .001,

respectively) [26]. This is in line with the current findings, as age at the

start of prophylaxis became gradually younger in consecutive birth

cohorts, and long-term arthropathy development decreased

accordingly.

Despite the finding that patients with an abnormal PS were

diagnosed with inhibitors at an older age and were positive for a

longer duration, no associations between arthropathy development

and inhibitors were found in regression analyses. This is in contrast to

prior studies suggesting worse joint outcomes for patients with in-

hibitors. Morfini et al. [27] performed a case-control study and

included 87 persons with severe hemophilia aged 14 to 35 years, of

whom 38 (43.7%) had an inhibitor. They found higher PSs for patients

with permanent/long-term (>5 years) inhibitors of 22.9 (SD, 14.3)

than patients with no/past inhibitors of 8.0 (SD, 10.2), (95% CI, 8.25-

24.10; P < .05) [27]. Schmidt et al. [25] found a 2-fold increased

proportion of joint damage for adolescents (median, 15 years) with

severe hemophilia and current/past inhibitors and a moderate corre-

lation (Spearman’s rho = 0.50) between the duration of inhibitors and

Hemophilia Joint Health Score. This difference might be due to

inadequate statistical power in the present study since only a small

proportion (37/317 [11.7%]) of patients had inhibitors, with missing

data on age at development of inhibitors and duration of inhibitors in

7 of 37 (18.9%) and 9 of 37 (24.3%) patients, respectively.
4.4 | Future perspectives

Over time, arthropathy on X-rays appeared later in life. However,

despite improvements, persons with hemophilia remain at risk for

developing arthropathy as not all joint bleeds can be prevented. In the

youngest birth cohort evaluated (>1990), the majority of patients

aged <20 years did not show arthropathy on X-rays of elbows, knees,

or ankles. However, prior research showed that both magnetic reso-

nance imaging (MRI) and ultrasound were able to detect soft-tissue

and osteochondral changes in patients without signs of arthropathy

on X-rays [28]. It was found that soft-tissue changes on MRI could

predict joint bleeding risk and arthropathy development after 5 years

[29]. Further, MRI could detect signs of subclinical bleeds in joints

without a bleeding history [30]. This indicates that, despite adequate

prophylactic treatment, (subclinical) joint bleeds and changes may

occur. Early identification of these changes may help clinicians to

further tailor prophylactic treatment to the patients’ individual needs.

New treatment strategies for hemophilia, like nonfactor replacement

therapies and gene therapy, may reduce the risk of joint bleeds even

further [31,32]. As X-rays are not sensitive to detect early blood-

induced joint changes, ultrasound and MRI are of interest for the

evaluation of these new treatment strategies. Routine use of X-rays

therefore contributes less to the evaluation of joint status in patients

aged <20 years with access to early prophylaxis and/or new treat-

ments for hemophilia. Nevertheless, X-rays remain a commonly used
method for the radiologic evaluation of joints [33–35] and of value for

long-term follow-up when initial joint changes have occurred.
5 | CONCLUSIONS

Decreased levels of arthropathy development were seen in consecu-

tive birth cohorts. Over time, ankles remained the most affected, while

knees were affected least and showed the strongest decrease in

arthropathy development. Persons with moderate hemophilia had a

lower chance of arthropathy, but the development was less affected

by birth cohort. Birth cohort and age at the last X-ray evaluation

showed to be the best predictors for arthropathy development, while

inhibitor development showed no association with joint status in this

cohort due to the exclusion of long-term inhibitors in the databases

used. However, despite improvements in treatment, persons with

hemophilia remain susceptible to developing arthropathy. Future

research is needed to investigate the impact of interventions on early

soft-tissue and osteochondral changes on long-term joint health.
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