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Background: People diagnosed with von Willebrand disease (VWD) have reduced quality of life versus the general population, and
there is limited evidence of increased rates of anxiety and/or depression among people diagnosed with VWD.

Aim: To understand the association between VWD and mental health outcomes.

Design and Setting: A retrospective cohort study was conducted using the UK Clinical Practice Research Datalink (CPRD) GOLD
database (1988-2016).

Methods: People diagnosed with VWD were matched 1:10 to randomly selected people in the database without VWD based on sex,
birth year +2 years, CPRD record start year +2 years, and general practice attended. Individuals were followed from VWD diagnosis or
match date to censoring (first event date, CPRD end date, or death). Treated anxiety and treated depression were identified by
a diagnostic Read Code and a prescription for anxiety/depression medication recorded within 90 days of each other, after VWD
diagnosis/match date.

Results: Treated anxiety was recorded in 89 of 1119 (8.0%) people diagnosed with VWD and 624 of 10,423 (6.0%) without VWD
(age- and sex-adjusted incidence rate ratio [IRR], 1.37; 95% confidence interval [CI], 1.10—1.71). Treated depression was recorded in
119 of 1083 (11.0%) people diagnosed with VWD and 846 of 9845 (8.6%) without VWD (adjusted IRR, 1.35; 95% CI, 1.11-1.63).
Females aged 20-39 and 0-19 years were at greatest risk for treated anxiety and treated depression, respectively.

Conclusion: Higher rates of treated anxiety and depression were observed among people diagnosed with versus without VWD,
predominantly in young females.
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Introduction
von Willebrand factor is a clotting protein that mediates platelet functions and stabilizes clotting factor VIIL.! Congenital
von Willebrand disease (VWD) is characterized by impaired function or reduced levels of von Willebrand factor, and is
the most common inherited bleeding disorder globally (prevalence of 600—1300 per 100,000 individuals).> The pre-
valence of symptomatic disease requiring treatment is, however, much lower (10 per 100,000). VWD bleeding
phenotypes vary depending on disease type, age, and sex.” Common symptoms include bruising, epistaxis, bleeding
from wounds or surgeries, joint and mucocutaneous bleeding, and menorrhagia.>> Rare and potentially life-threatening
bleeding can occur in the central nervous system and gastrointestinal tract.>

People diagnosed with VWD have lower health-related quality of life, as measured by Short Form 36 mental
component scores, than the general population,®” with some evidence suggesting that depression and anxiety are more
common in people diagnosed with VWD.® Bleeding disorders (hemophilia and VWD) have been reported to have
a negative impact on psychological health, with unpredictable bleeding symptoms and fears for the future cited as causes
of anxiety, and loss of or reduction in valued activities and loss of independence as causes of depression.” For example,
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women diagnosed with VWD experience impaired quality of life and greater impact on daily activities as a result of
menstruation than individuals without VWD.'® In addition, misdiagnosis and delayed diagnosis of VWD are common,

1713 which may in turn contribute to impaired quality of life and

particularly in women, and lead to worse outcomes,
mental health. Data on mental health disorders in people diagnosed with VWD are limited, however, and more
information is needed to improve their overall health and wellbeing. This retrospective cohort study was conducted
using UK clinical practice data to better understand the occurrence of treated anxiety and treated depression in people

diagnosed with VWD.

Methods

Data Source

Data were extracted from the UK Clinical Practice Research Datalink (CPRD) GOLD database (January 1, 1988 to
June 30, 2016), which is a large, prospectively collected, anonymized electronic medical record database that is broadly
representative of the UK population, in terms of age, sex, and minority distribution. As UK health care is universal and
free, selection bias resulting from differential health care access is minimized. CPRD GOLD comprises demographic
information, prescription details, clinical events, and lifestyle details. Information relating to inpatient and outpatient
medical encounters (specialists, hospital stays) is provided to individuals’ general practitioners (GPs) in consultant and
discharge letters, and GPs may code these details in the patient’s electronic data. The study population was from the
general practice setting and therefore is representative of individuals receiving general practice care.'®

Study Population

Individuals with a Read Code indicating a diagnosis of VWD (D304.00), recorded at any time, were included.
Individuals were excluded if they were suspected of having acquired von Willebrand syndrome due to a diagnosis of
certain autoimmune disorders (ie, lymphoproliferative diseases, monoclonal gammopathies, systemic lupus erythemato-
sus, hypothyroidism, essential thrombocythemia, polycythemia vera, myelofibrosis) or cancers (eg, myeloproliferative
neoplasms).'* All other individuals were assumed to have congenital VWD, regardless of age at first recorded VWD
diagnosis.

Each person with VWD was matched to up to 10 people without VWD, selected randomly from all people in the
database without a diagnosis of VWD. Matching criteria were sex, birth year (£2 years), CPRD record start year (&2
years), and general practice attended. As the case definitions for anxiety and depression required a diagnosis plus
pharmaceutical treatment to be recorded in the electronic medical record, the study population was restricted to
individuals whose first VWD diagnosis or match date was recorded after the start of the electronic CPRD record.

Outcomes of Interest
Treated anxiety or treated depression events were identified by a diagnostic Read Code for anxiety and/or depression plus
receipt of a prescription for drugs used to treat anxiety or depression (Supplemental Table 1) within 90 days of each

other, both recorded in the electronic record after the VWD diagnosis or match date. The index date was defined as the
date of the qualifying diagnosis or medication prescription, whichever came first. To exclude pre-existing anxiety or
depression, individuals with prior treated anxiety or treated depression events before the VWD diagnosis or match date
were excluded from the relevant analyses.

Eligible individuals were followed from the VWD diagnosis or match date until the censoring date, defined as the
index date, date of electronic record end, or death, whichever occurred first.

Covariates

In addition to the matching criteria, the presence of covariates related to general health at the VWD diagnosis/match date
(including events present in the historical record) and at the case index date were described: hypertension, diabetes,
hypercholesterolemia, chronic kidney disease, liver disease, alcohol abuse, and drug abuse. The presence of an anxiety or
depression diagnosis before the VWD diagnosis/match date was also evaluated.
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Statistical Analysis

Treated anxiety and treated depression were evaluated separately. Demographics were described at the VWD diagnosis/
match date for the VWD and matched non-VWD cohorts, and at the index date for individuals with treated depression
and/or anxiety. Person-years (PY) were accumulated separately for each outcome from the VWD diagnosis/match date to
the censor date (ie, the index date for treated anxiety or depression, date of Clinical Practice Research Datalink record
end, or death, whichever occurred first).

Incidence rates (IRs) with 95% confidence intervals (CIs) were calculated for each outcome for participants
diagnosed with and without VWD overall and stratified by sex and age at treated anxiety or depression date using
Byar’s method. Crude, sex- and age-adjusted incidence rate ratios (IRRs) with 95% ClIs for each outcome for people
diagnosed with VWD versus those without VWD were calculated using Poisson regression. The risk (cumulative
incidence function) was also estimated for each outcome using the Kaplan—-Meier method, overall and stratified by
age at VWD diagnosis/match date. Kaplan—Meier curves were compared using a Log rank test. Descriptive and IR
analyses were performed using SAS (version 9.4). All Kaplan—-Meier and Cox model analyses were performed using
R (version 4.0.2).

Results

Treated Anxiety

The baseline characteristics of 1119 people diagnosed with VWD and 10,423 matched individuals without VWD
included in the anxiety analysis are shown in Table 1. The majority of people were female (62.8% with VWD; 62.4%
without VWD), and most were aged <30 years at VWD diagnosis/match date (61.2% with VWD; 62.3% without VWD).
A diagnosis of anxiety (without an associated prescription) was recorded before VWD diagnosis in 6.3% of people
diagnosed with VWD and 3.9% of those without VWD.

Table | Baseline Characteristics of Individuals Included in the Treated Anxiety Analysis and Characteristics of Treated
Anxiety Cases

All Individuals in the Treated Anxiety Individuals Diagnosed with Treated
Analysis Anxiety After Cohort Entry (Cases)
Individuals with Individuals without Individuals with Individuals without
VWD (n=1119) VWD (n = 10,423) VWD (n = 89) VWD (n = 624)
Sex
Female 703 (62.8) 6508 (62.4) 75 (84.3) 524 (84.0)
Male 416 (37.2) 3915 (37.6) 14 (15.7) 100 (16.0)
Year of first VWD diagnosis/match date
19881994 91 (8.1) 841 (8.1) - -
1995-1999 219 (19.6) 2079 (20.0) - -
2000-2004 262 (23.4) 2459 (23.6) - -
2005-2009 301 (26.9) 2761 (26.5) - -
20102016 246 (22.0) 2283 (21.9) - -
Age, years At first VWD diagnosis/match date At treated anxiety date
Mean + SD 257 £ 194 252+ 192 395+ 167 389+ 156
Median (range) 21 (0-87) 21 (0-86) 35 (14-76) 37 (13-91)
(Continued)
Journal of Blood Medicine 2023:14 htps: 415

Dove:


https://www.dovepress.com
https://www.dovepress.com

Hagberg et al Dove

Table | (Continued).

All Individuals in the Treated Anxiety Individuals Diagnosed with Treated
Analysis Anxiety After Cohort Entry (Cases)
Individuals with Individuals without Individuals with Individuals without
VWD (n=1119) VWD (n = 10,423) VWD (n = 89) VWD (n = 624)

Age category, years

<10 292 (26.1) 2811 (27.1) 0 (0.0) 0 (0.0)
10-19 223 (19.9) 2124 (20.4) 7(7.9) 47 (7.5)
20-29 170 (15.2) 1543 (14.8) 26 (29.2) 168 (26.9)
30-39 160 (14.3) 1451 (13.9) 16 (18.0) 117 (18.8)
4049 128 (11.4) 1165 (11.2) 10 (11.2) 141 (22.6)
50-59 72 (6.4) 691 (6.6) 17 (19.1) 86 (13.8)
6069 45 (4.0) 395 (3.8) 10 (11.2) 37 (5.9)

270 29 (2.6) 243 (2.3) NR 28 (4.5)

Treated anxiety diagnosis year
1988-1994 - - NR 5(0.8)

1995-1999 - - NR 34 (5.5)

2000-2004 - - 15 (16.9) 115 (18.4)
2005-2009 - - 23 (25.8) 159 (25.5)
2010-2016 - - 47 (52.8) 311 (49.8)

Length of follow-up (VWD diagnosis/match date to

censor date®), years
Mean = SD 72 %57 75+58 - -

Median (range) 6.0 (0.1-27.1) 6.3 (0.1-27.4)

Length of follow-up category, years
<l 122 (10.9) 1094 (10.5) - -
1-2.9 203 (18.1) 1720 (16.5) - -
349 148 (13.2) 1456 (14.0) - -
25 646 (57.7) 6153 (59.0) - -

Covariates Before VWD diagnosis/match date Before treated anxiety diagnosis date
Anxiety diagnosis® 70 (6.3) 401 (3.9) 41 (46.1) 271 (43.4)
Prescription for anxiolytics® 191 (17.1) 1286 (12.3) 71 (78.8) 449 (72.0)
Hypertension 66 (5.9) 419 (4.0) 14 (15.7) 74 (11.9)

Diabetes 15 (1.3) 142 (1.4) NR 21 34)
Hypercholesterolemia 15 (1.3) 181 (1.7) 5(5.6) 32 (5.1)
Chronic kidney disease NR 46 (0.4) NR 9 (1.4
Liver disease NR 10 (0.1) 0 (0.0 5(0.8)
(Continued)
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Table | (Continued).

Al Individuals in the Treated Anxiety Individuals Diagnosed with Treated
Analysis Anxiety After Cohort Entry (Cases)
Individuals with Individuals without Individuals with Individuals without
VWD (n=1119) VWD (n = 10,423) VWD (n = 89) VWD (n = 624)

Alcohol abuse 27 (2.4) 267 (2.6) 5 (5.6) 49 (7.9)

Drug abuse 5 (0.5) 62 (0.6) NR 17 2.7)

Reason for censor

End of record 1010 (90.3) 9619 (92.3) - -

Treated anxiety case 89 (8.0) 624 (6.0) - -

Death 20 (1.8) 180 (1.7) - -

Notes: Data are presented as n (%) unless otherwise stated. *Censor date defined as the date the patient became a case, date of record end, or death, whichever occurred
first. "Anxiety diagnosis without a prescription for anxiolytic within 90 days of each other (not recorded as a treated anxiety event). “Prescription for anxiolytics without an
anxiety diagnosis within 90 days of each other (not recorded as a treated anxiety event). It is possible that the anxiolytic prescription was for another indication for use.
Abbreviations: NR, not reportable (counts of -5 individuals); SD, standard deviation; VWD, von Willebrand disease.

Treated anxiety was recorded in 89 people with VWD (8.0%) and 624 without VWD (6.0%) (Table 1). People
diagnosed with VWD and treated anxiety were slightly younger than those without VWD (median age of 35.0 versus
37.0 years, respectively). Similar numbers of individuals in the VWD and non-VWD cohorts had a record of an anxiety
diagnosis without a prescription or a prescription without a diagnosis before they met the criteria for treated anxiety. The
number of individuals with other medical conditions was low and relatively balanced between the two cohorts.

The cumulative incidence of treated anxiety was higher in people diagnosed with VWD versus those without VWD (P =
0.0038) (Figure 1). In stratified analyses, cumulative incidence was higher in females diagnosed with VWD versus those
without VWD (P = 0.011), but not in males (P = 0.22) (Supplemental Figure 1), and was higher for people with versus

without VWD for all age groups, but was only statistically significant for individuals aged <10 years (P = 0.042) or 20-29

Overall population
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Figure | Cumulative incidence of treated anxiety after VWD diagnosis/match date among individuals with versus without VWD.
Abbreviation: VWD, von Willebrand disease.
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years (P = 0.033) (Supplemental Figure 2). When stratified by sex and age, cumulative incidence was only statistically

significant for females aged 20-29 years at VWD diagnosis or match date (P = 0.012) (Supplemental Figure 3).

The IR for treated anxiety was 11.0 (95% CI, 8.8—13.5) per 1000 PY for people diagnosed with VWD and 8.0 (95%
Cl, 7.3-8.6) per 1000 PY for people without VWD (Table 2). The IR for treated anxiety among females was 14.8
(95% CI, 11.6-18.5) per 1000 PY for those diagnosed with VWD and 10.9 (9.9-11.8) per 1000 PY for non-VWD
matches, whereas the IRs for males were lower (4.6 [95% CI, 2.5-7.8] and 3.3 [95% CI, 2.7-4.0] per 1000 PY,
respectively). IRs for treated anxiety varied by age and by age and sex (Table 2).

Table 2 IRs and IRRs of Treated Anxiety in Individuals with or without VWD

Individuals with VWD Individuals without VWD (Reference) IRRs*
Treated Anxiety IR per 1000 PY Treated Anxiety IR per 1000 PY Crude IRR* Adjusted IRR*
Cases (PY) (95% CI) Cases (PY) (95% CI) (95% CI) (95% CI)
Overall 89 (8110) 11.0 (8.8-13.5) 624 (78,409) 8.0 (7.3-8.6) 1.38 (1.10-1.72) 1.37 (1.10-1.71)°
By sex
Female 75 (5079) 14.8 (11.6-18.5) 524 (48,293) 10.9 (9.9-11.8) 1.36 (1.07-1.73) 1.36 (1.07-1.74)°
Male 14 (3031) 4.6 (2.5-7.8) 100 (30,116) 3.3 (2.74.0) 1.39 (0.80-2.43) 1.39 (0.79-2.43)°
By age group, years®
0-19 7 (2873) 2.4 (1.0-5.0) 47 (28,375) 1.7 (1.2-2.2) 1.47 (0.66-3.25) 1.45 (0.65-3.20)°
20-39 42 (2247) 18.7 (13.5-25.3) 285 (23,193) 12.3 (10.9-13.8) 1.52 (1.10-2.10) 1.51 (1.09-2.08)°
40-59 27 (2146) 12.6 (8.3-18.3) 227 (18,883) 12.0 (10.5-13.7) 1.05 (0.70-1.56) 1.05 (0.70-1.57)¢
260 13 (844) 15.4 (8.2-26.3) 65 (7957) 8.2 (6.3-10.4) 1.89 (1.04-3.42) 1.88 (1.03-3.40)¢
By sex and age group,
years®
Female
0-19 5 (1427) 35 (1.1-82) 40 (13,745) 2.9 (2.1-4.0) 1.20 (0.48-3.05) -
20-39 37 (1542) 24.0 (16.9-33.1) 233 (15,615) 14.9 (13.1-17.0) 1.6l (1.14-2.27) -
40-59 25 (1548) 16.1 (10.4-23.8) 197 (13,707) 14.4 (12.4-16.5) 1.12 (0.74-1.70) -
260 8 (562) 14.2 (6.1-28.1) 54 (5226) 10.3 (7.8-13.5) 1.38 (0.66-2.90) -
Male
0-19 NR (1446) 1.4 (0.2-5.0) 7 (14,630) 0.5 (0.2-1.0) 2.89 (0.60-13.92) | -
20-39 5 (705) 7.1 (2.3-16.6) 52 (7579) 6.9 (5.1-9.0) 1.03 (0.41-2.59) -
40-59 NR (598) 3.3 (0.4-12.1) 30 (5176) 5.8 (3.9-83) 0.58 (0.14-2.42) -
260 5(282) 17.7 (5.7-41.3) 11 (2731) 4.0 (2.0-7.2) 4.40 (1.53-12.66) | —

Notes: °IRR of treated anxiety for individuals with VWD compared with those without VWD (reference). °IRR adjusted for sex and age. “IRR adjusted for age. 9Based on
age at treated anxiety date. °IRR adjusted for sex.

Abbreviations: Cl, confidence interval; IR, incidence rate; IRR, incidence rate ratio; NR, not reportable (counts of |-5 individuals); PY, person-years; VWD, von Willebrand
disease.

Overall, the risk of treated anxiety was higher for people diagnosed with VWD than those without VWD (age- and
sex-adjusted IRR, 1.37 [95% CI, 1.10-1.71]). Risk estimates were similar among females and males but varied by age,
with a higher risk observed in individuals aged 20-39 years or >60 years (Table 2). When stratified by sex and age, the
greatest risk of treated anxiety in females was observed among those aged 20-39 years, with these individuals having
a 61% higher rate of treated anxiety than those without VWD. There were too few cases for risk estimates for males to be
reliable when stratified by age group.
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Treated Depression

Baseline characteristics for the 1083 people diagnosed with VWD and 9845 matched individuals without VWD included in the
treated depression analysis are shown in Table 3. The majority of people were female (62.1% with VWD; 61.2% without VWD)
and most (61.9% diagnosed with VWD; 63.8% without VWD) were aged <30 years at VWD diagnosis/match date. A diagnosis
of prior non-treated depression was recorded in 7.2% of people with VWD and 4.9% of those without VWD.

Table 3 Baseline Characteristics of Individuals Included in the Treated Depression Analysis and Characteristics of Treated Depression

Cases
All Individuals in the Treated Individuals Diagnosed with Treated Depression
Depression Analysis After Cohort Entry (Cases)
Individuals Diagnosed with Individuals without Individuals Diagnosed with | Individuals without
VWD (n = 1083) VWD (n = 9845) VWD (n=119) VWD (n = 846)
Sex
Female 673 (62.1) 6022 (61.2) 104 (87.4) 695 (82.2)
Male 410 (37.9) 3823 (38.8) 15 (12.6) 151 (17.9)
Year of first VWD diagnosis/match date
1988-1994 89 (8.2) 817 (8.3) - -
1995-1999 216 (19.9) 2021 (20.5) - -
2000-2004 257 (23.7) 2334 (23.7) - -
2005-2009 283 (26.1) 2509 (25.5) - -
20102016 238 (22.0) 2164 (22.0) - -
Age, years At first VWD diagnosis/match date At treated depression date
Mean * SD 253+ 195 244+ 192 376 + 146 38.1 £ 145
Median (range) 21 (0-86) 19 (0-86) 35 (15-88) 37 (15-88)
Age category, years
<10 292 (27.0) 2810 (28.5) 0 (0.0) 0 (0.0)
10-19 222 (20.5) 2113 (21.5) 12 (10.1) 59 (7.0)
20-29 156 (14.4) 1360 (13.8) 32 (26.9) 240 (28.4)
30-39 151 (14.0) 1320 (13.4) 20 (16.8) 168 (19.9)
4049 123 (11.4) 1059 (10.8) 28 (23.5) 182 (21.5)
50-59 66 (6.1) 582 (5.9) 19 (16.0) 138 (16.3)
60-69 45 (4.2) 371 (3.8) 542 37 (44)
270 28 (2.6) 230 (2.3) NR 22 (2.6)
Treated depression diagnosis year
1988-1994 - - NR 13 (1.5)
1995-1999 - - 8 (6.7) 72 (8.5)
2000-2004 - - 29 (24.4) 210 (24.8)
2005-2009 - - 37 31.1) 220 (26.0)
20102016 - - 44 (25.0) 331 (39.1)
(Continued)
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Table 3 (Continued).

Al Individuals in the Treated Individuals Diagnosed with Treated Depression
Depression Analysis After Cohort Entry (Cases)
Individuals Diagnosed with Individuals without Individuals Diagnosed with | Individuals without
VWD (n = 1083) VWD (n = 9845) VWD (n=119) VWD (n = 846)
Length of follow-up (VWD diagnosis/
match date to censor date?)
Mean * SD 70+57 74+58 - -
Median (range) 5.7 (0.1-27.1) 6.1 (0.1-27.4)
Length of follow-up category, years
<l 131 (12.1) 1084 (11.0) - -
1-2.9 197 (18.2) 1667 (16.9) - -
349 149 (13.8) 1426 (14.5) - -
25 606 (56.0) 5668 (57.6) - -
Covariates Before VWD diagnosis/match date Before treated depression date
Depression diagnosis® 78 (7.2) 486 (4.9) 56 (47.1) 444 (52.5)
Prescription for antidepressant® 110 (10.2) 705 (7.2) 84 (70.6) 551 (65.1)
Hypertension 62 (5.7) 384 (3.9) 10 (8.4) 79 (9.3)
Diabetes 15 (1.4) 130 (1.3) NR 23 (2.7)
Hypercholesterolemia 17 (1.6) 164 (1.7) NR 38 (4.5)
Chronic kidney disease NR 45 (0.5) NR 13 (1.5)
Liver disease NR 9 (0.1) 0 (0.0) NR
Alcohol abuse 23 (2.1) 229 (2.3) 8 (6.7) 60 (7.1)
Drug abuse NR 48 (0.5) NR 20 (2.4)
Reason for censor
End of record 943 (87.1) 8848 (90.0) - -
Treated anxiety case 119 (11.0) 846 (8.6) - -
Death 21 (1.9) I51 (1.5) - -

Notes: Data are presented as n (%) unless otherwise stated. *Censor date defined as the date the patient became a case, date of record end, or death, whichever occurred first.
®Depression diagnosis without a prescription for antidepressant within 90 days of each other (not recorded as a treated depression event). Prescription for antidepressant without
a depression diagnosis within 90 days of each other (not recorded as a treated depression event). It is possible that the antidepressant prescription was for another indication for use.
Abbreviations: NR, not reportable (counts 1-5 individuals); SD, standard deviation; VWD, von Willebrand disease.

Treated depression was recorded in 119 people (11.0%) diagnosed with VWD and 846 without VWD (8.6%) (Table 3).
People diagnosed with VWD were slightly younger than those without VWD (median age of 35.0 versus 37.0 years,
respectively). In the VWD and non-VWD cohorts, similar numbers of treated depression cases had a record of a depression
diagnosis without a prescription or a prescription without a diagnosis before the individual met the criteria to be a treated
depression case. The number of individuals with other conditions related to general health was low and similar between cohorts.

The cumulative incidence of treated depression was statistically significantly higher in people diagnosed with VWD
than in those without VWD (P = 0.0024) (Figure 2). When stratified by sex and/or age at VWD diagnosis/match date, the
cumulative incidence was statistically significantly higher in females with versus without VWD (P = 0.0012), individuals
of both sexes aged 20-29 years (P = 0.0089), females aged <10 years (P = 0.047), or females aged 20-29 years (P =
0.0023) (Supplemental Figures 4-6).
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Figure 2 Cumulative incidence of treated depression after VWD diagnosis/match date among individuals with versus without VWD.
Abbreviation: VWD, von Willebrand disease.

The IR for treated depression was 15.6 (95% CI, 12.9-18.7) per 1000 PY for people diagnosed with VWD and 11.6
(95% CI, 10.8-12.4) per 1000 PY for those without VWD (Table 4). Among females, the IR for treated depression was
22.3 (95% CI, 18.2-27.0) per 1000 PY for the VWD and 15.9 (95% CI, 14.7-17.1) per 1000 PY for the non-VWD
cohorts, whereas the IRs for males were lower (5.1 [95% CI, 2.8-8.3] and 5.2 [95% CI, 4.4-6.1]) per 1000 PY,
respectively). IRs for treated depression were highest between the ages of 20 and 59 years, and varied when stratified
by age and sex (Table 4).

Table 4 IRs and IRRs of Treated Depression in Individuals with or without VWD

Individuals with VWD Individuals without VWD IRRs®
(Reference)
Treated Depression | IR per 1000 PY | Treated Depression | IR per 1000 PY | Crude IRR* Adjusted IRR*
Cases (PY) (95% CI) Cases (PY) (95% CI) (95% CI) (95% CI)
Overall 119 (7634) 15.6 (12.9-18.7) 846 (72,922) 11.6 (10.8-12.4) 1.34 (1.11-1.63) 1.35 (I.11-1.63)°
By sex
Female 104 (4666) 22.3 (18.2-27.0) 695 (43,764) 15.9 (14.7-17.1) 1.40 (1.14-1.72) 1.40 (1.14-1.72)°
Male 15 (2968) 5.1 (2.8-83) 151 (29,158) 5.2 (44-6.1) 0.98 (0.57-1.66) 0.96 (0.56-1.63)°
By age group, years®
0-19 12 (2862) 4.2 (2.2-7.3) 59 (28,326) 2.1 (1.6-2.7) 2.01 (1.08-3.74) 1.98 (1.07-3.69)°
20-39 52 (2016) 25.8 (19.3-33.8) 408 (20,482) 19.9 (18.0-22.0) 1.30 (0.97-1.73) 1.29 (0.96-1.72)°
40-59 47 (1931) 24.3 (17.9-32.4) 320 (16,647) 19.2 (17.2-21.4) 1.27 (0.93-1.72) 1.26 (0.47-1.71)°
260 8 (825) 9.7 (4.2-19.1) 59 (7468) 7.9 (6.0-10.2) 1.23 (0.59-2.57) 1.23 (0.59-2.58)°
(Continued)
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Table 4 (Continued).

Individuals with VWD Individuals without VWD IRRs*
(Reference)
Treated Depression IR per 1000 PY | Treated Depression | IR per 1000 PY | Crude IRR® Adjusted IRR*
Cases (PY) (95% CI) Cases (PY) (95% CI) (95% CI) (95% CI)
By sex and age group,
yearsd
Female
0-19 10 (1412) 7.1 3.4-13.0) 51 (13,698) 3.7 2.849) 1.90 (0.97-3.75) -
20-39 47 (1313) 35.8 (26.3-47.6) 333 (13,168) 25.3 (22.6-28.2) 1.42 (1.17-1.92) -
40-59 43 (1399) 30.7 (22.2-41.4) 266 (11,908) 223 (19.7-25.2) 1.38 (1.00-1.90) -
260 NR (541) 7.4 (2.0-18.9) 45 (4989) 9.0 (6.6—12.1) 0.82 (0.29-2.28) -
Male
0-19 NR (1449) 1.4 (0.2-5.0) 8 (14,627) 0.5 (0.2—1.1) 2.52 (0.54-11.88) -
20-39 5 (703) 7.1 (2.3-16.6) 75 (7314) 10.3 (8.1-12.9) 0.69 (0.28-1.72) -
40-59 NR (532) 7.5 (2.0-19.3) 54 (4738) 11.4 (8.6-14.9) 0.66 (0.24-1.82) -
260 NR (284) 14.1 (3.8-36.0) 14 (2479) 5.6 (3.1-9.5) 2.49 (0.82-7.57) -

Notes: *IRR of treated depression for individuals with VWD compared to those without VWD (reference). °IRR adjusted for sex and age. IRR adjusted for age. “Based on
age at treated depression date. °IRR adjusted for sex.

Abbreviations: Cl, confidence interval; IR, incidence rate; IRR, incidence rate ratio; NR, not reportable (counts of 1-5 individuals); PY, person-years; VWD, von Willebrand
disease.

The risk of treated depression was higher for people diagnosed with VWD than for those without VWD (age- and
sex-adjusted IRR, 1.35 [95% CI, 1.11-1.63]) (Table 4). IRRs remained higher in females with versus without VWD when
adjusted for age at treated depression date (IRR, 1.40 [95% CI, 1.14-1.72]). For males, however, the age-adjusted risk of
treated depression was not higher in individuals with VWD than in those without VWD (IRR, 0.96 [95% CI, 0.56—1.63]).
The IRR was highest for people (of both sexes) diagnosed with VWD aged 0-19 years compared with those without
VWD when stratified by age group (Table 4). When stratified by age and sex, the greatest risk was observed in females
aged 0-19 years at treated depression date and was also elevated for females aged 20-39 and 40-59, compared to
similarly aged females without VWD. IRs and IRRs for males were based on too few cases to be informative.

Discussion

This retrospective cohort study describes mental health-related outcomes in people diagnosed with VWD in UK general
practice. Overall, treated anxiety and treated depression were more common in individuals with VWD than in matched
individuals without VWD. Females aged 20-39 and 0-19 years were at greatest risk for treated anxiety and treated
depression, respectively.

Anxiety and depression rates in our study were substantially less than those in a prospective study in individuals
attending hemophilia treatment centers in the USA.® Overall rates of anxiety and depression in the US study were 58%
and 64%, respectively, versus 8% and 11% among people diagnosed with VWD managed by GPs in this UK-based study.
VWD complications associated with depression in the US study included self-reported chronic pain and joint problems,
while joint problems were also associated with anxiety.® In addition, findings revealed that joint problems and not being
in a relationship (ie, single, widowed, or divorced) were important predictors of depression and anxiety, while anxiety
was also more common in adolescents (1218 years of age) and individuals whose general health had deteriorated in the
prior 3 months.® Although the study populations differed between the two studies, higher rates of anxiety and depression
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were observed in females diagnosed with VWD compared with males in both studies. The definitions of anxiety and
depression in our study were more restrictive than those in the US study, in which diagnosis was based on patient-
reported outcomes at the last follow-up visit (7-item Generalized Anxiety Disorder questionnaire and 8-item Patient
Health Questionnaire).® The case definition in our study required a formal diagnosis plus a prescription for anxiety or
depression treatment within 90 days. This definition was intended to capture clinically relevant anxiety or depression
requiring GP treatment, which should have been reliably recorded in the UK CPRD database.'>'” Thus, the incidence of
anxiety and treated depression may have been underestimated in our study because only clinically treated individuals
were identified. Also, individuals in whom diagnosis and treatment were recorded >90 days apart, or in whom diagnosis
and treatment took place outside of primary care, would not appear in the analysis. However, this misclassification should
not differ between the VWD and non-VWD populations, as individuals were matched on general practice, leading to
similar GP recording habits.

This was a population-based study using data from the UK, where universal health care results in few barriers to care.
All people diagnosed with VWD covered in CPRD GOLD who had a VWD diagnosis at any time were, therefore,
captured. This is an important strength of our analysis, as the study cohort is likely to include individuals with a wider
range of VWD severity than those being cared for by specialty centers and is likely to be representative of individuals
seeking general practice care. This is in contrast to previous studies of quality of life and mental health in people
diagnosed with VWD, which usually focus on those in specialist care.®® Another strength of this study is that individuals
without VWD were matched to people diagnosed with VWD based on sex, age, calendar year, and GP attended, to
control for differences in risk and data availability by these matching factors. A limitation of the study is that electronic
medical records are not available for care provided in secondary/specialist care settings. Although GPs receive and have
access to letters from specialists detailing care provided in secondary care settings, the GP may not have recorded these
in a way that is accessible to researchers. In addition, detailed information about VWD type and severity is not available
in the CPRD database. The small number of males diagnosed with VWD in the analysis meant that reliable estimates
could not be calculated for this population. Finally, cardiac valvular disease, which is an underlying disease for acquired
von Willebrand syndrome typically in elderly populations,'® was not included as an exclusion criteria. However, only
2.6% of individuals with VWD and 2.3% of those without VWD in the study population were aged >70 years at the
VWD diagnosis/match date. Therefore, the potential inclusion of elderly patients with acquired von Willebrand syndrome
due to cardiac valvular disease is likely to have minimal impact on the results of this study.

Conclusions

In this retrospective cohort study, treated anxiety and treated depression were more common in people diagnosed with
VWD than in those without VWD, predominantly in females. These findings highlight mental health-related conditions
as a potential unmet need in people diagnosed with VWD, and suggest that mental health screening could be a valuable
addition to the care of people diagnosed with VWD.

Abbreviations
CI, confidence interval; CPRD, Clinical Practice Research Datalink; GP, general practitioner; IR, incidence rate; IRR,
incidence rate ratio; PY, patient-years; VWD, von Willebrand disease.
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