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Abstract

Background: Anxiety has been identified as a prodromal feature of Parkinson’s disease
(PD). The prospective risk of PD in those newly presenting with anxiety and factors that

increase the risk of PD in patients with anxiety have not been investigated.

Aim: To investigate the incidence of PD in people with anxiety above the age 50 years and

clinical features associated with later diagnosis of PD in people with anxiety.

Design and Setting: Retrospective cohort study using UK primary care data of people

between 2008 and 2018 who had new onset anxiety over the age of 50 years.

Method: We fitted Weibull survival regression models and estimated hazard ratios (HR) for
modelling time-to-PD in those with and without anxiety and when determining the risk of
developing PD in those with anxiety. Results were adjusted for sociodemographic and

lifestyle factors and relevant physical and mental health conditions.

Results: The risk of PD was increased 2-fold compared to the non-anxiety group after
adjustment for age, sex, social deprivation, lifestyle factors, severe mental iliness, head
trauma and dementia HR 2.1 (CI: 1.9-2.4). In those with anxiety, the presence of depression,
hypotension, tremor, rigidity, balance impairment, constipation, sleep disturbance, fatigue,

and cognitive impairment were associated with an increased risk of developing PD.

Conclusion: The risk of developing PD was at least doubled in people with anxiety
compared to those without. The clinical features of those who developed PD can help

identify patients presenting with anxiety who are in the prodromal phase of PD.
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How this fits in:

Presence of anxiety is known to be increased in the prodrome of Parkinson’s.

We investigated the risk of developing Parkinson’s in people with anxiety compared to those

without anxiety, accounting for a number of confounding variables.
Our results suggest that there is a strong association between anxiety and later diagnosis of
Parkinson’s in patients over the age of 50 years who present with a new diagnosis of

anxiety.

This provides evidence for anxiety as a prodromal presentation of Parkinson’s.



Introduction

Anxiety disorders are common in older adults, affecting at least 10-20% of adults over the
age of 50 years (1). Age of onset of anxiety disorders is typically in earlier life and incidence
in older age has been reported to be associated with subjective memory complaints as well

as subsequent cognitive decline (2,3,4).

Parkinson’s Disease (PD) is the second most common neurodegenerative condition
worldwide, and it is estimated that it will affect 14.2 million people by 2040, mostly due to an
increase in life expectancy (5). Patients with PD can be affected by a range of motor and
non-motor symptoms (6) and may present with non-motor symptoms such as constipation,
depression and olfactory symptoms years before motor symptoms develop (7). Presence of
anxiety is known to be increased in the prodrome of PD, but the prospective risk of PD in
those with onset of anxiety over age 50 years is not known. In addition, it is unclear whether
other prodromal features of PD are present in this population, that may help improve early
recognition and elucidate progression of underlying pathology. One population-based cohort
study of 174,776 adults below the age of 100 without neurological conditions found that after
adjusting for age, sex, medications and comorbidities, patients with a recorded diagnosis of
anxiety or an anxiolytic prescription were more likely to develop PD than those without (HR
1.38; Cl: 1.26-1.51); and those with more severe anxiety were at greater risk (8). However,
this study did not take into consideration important factors, such as lifestyle factors or

socioeconomic status, and other prodromal features were not examined.

The Health Professionals Follow-Up Study is a cohort study that used the Crown-Crisp
Phobic Anxiety index in 35,815 men aged between 40 and 75 years old and investigated the
incidence of PD over 12 years in those with the highest and lowest levels of anxiety (9).
There were 189 new cases of PD and after adjusting for age, smoking and caffeine intake
the relative risk of PD among men with the highest level of anxiety was 1.5 (Cl: 1.0-2.1,
p=0.01) compared to men with the lowest level of anxiety. A limitation of this study was that

it only focused on male healthcare professionals, who were mostly White Caucasian.

In addition, amongst 156 people who developed PD over a period of 40 years in a cohort
study of 7,216 people between 20 and 79 years in Rochester, Minnesota, an anxious
personality was associated with an increased risk of PD (HR 1.63, Cl: 1.16-2.27) (10).

None of the above studies examined clinical features that could help predict risk of PD. In

addition, variables known to be associated with anxiety such as lifestyle factors,



socioeconomic status or presence of comorbidities such as dementia and head injury were
not considered. The aim of this study was therefore to investigate the risk for developing PD
in people with anxiety compared to those without anxiety, accounting for a number of
confounding variables. Furthermore, we sought to identify risk factors for later diagnosis of

PD in people presenting with anxiety over the age of 50 years.

Methods

Data source

The data source was The IQVIA Medical Research Database (IMRD) database, which
include de-identified data from The Health Improvement Network (THIN), a large UK primary
care dataset which provides routinely collected electronic health records that are using the In
Practice Systems (IPS), also called Vision GP. Data is recorded using Read Codes, such as
diagnoses, symptoms referrals. THIN data includes about 15.6 million patients, of which 3
million are active patients, from 711 practices whose medical records can be prospectively
followed (11). There are two main quality markers for these data: 1) the acceptable computer
usage (ACU), which is reached when a general practice has, on average, at least two
therapy records, one medical record and one additional health data record per patient in a
year (12). 2) acceptable mortality reporting (AMR), which is reached when mortality records
in a general practice are consistent with the official national statistics (13). We only included
data from general practices from when they met the criteria for ACU and AMR in this study.
THIN data broadly represents the UK in terms of demographics, social deprivation and

chronic diseases (14).

Cohort Identification

Within THIN, we identified all people aged between 50 and 99 years who were registered
with a participating practice between 1st January 2008 and 31 December 2018 and had at
least one anxiety record in the GP database after at least one year of no previous records of
anxiety. We excluded those under 50 years as the population with younger onset
Parkinson’s may have different characteristics and associations with anxiety. At the time of
first record of anxiety, each person was matched with four other unexposed persons based
on their sex and age. This selection process ran forward in time, from the initiation until the
end of the observation period, setting the matching date for unexposed persons as their
index date. An incidence and dynamic cohort study was used, where people can initially act
as a control for someone else but can eventually become exposed (i.e. if they later develop

anxiety. This approach is known as Exposure Density Sampling (EDS) and has been



validated elsewhere (15). The codelist for defining anxiety cases is provided in

Supplementary Box S1.
Outcomes, covariates and analysis

For the main analysis of comparing the risk of developing PD between people with and
without anxiety, we fitted Weibull survival regression models for modelling time-to-event for
PD, estimating hazard ratios (HR). First, HR estimates were unadjusted, followed by HR
estimates adjusted for sociodemographics, i.e., sex, age and social deprivation measured
with Townsend index, from least (1) to most (5) deprived quintile (model 1). Townsend score
was calculated at lower-layer super output areas (LSOA) level using national census data,
grouping into quintile based on the deprivation score. The sociodemographics and lifestyle
covariates (smoking, alcohol drinking, body mass index) were included in model 2, while
sociodemographics, lifestyle covariates, and relevant physical and mental health conditions
were included in model 3. We built the models stepwise to explore the associations
accounting for sociodemographic factors only, then the addition of life-style factors and then
adding in health conditions which might confound the relationships. All covariates were
measured at baseline (i.e., date of anxiety record for each exposed person and their
matched controls). A directed acyclic graph (DAG) is shown in Supplementary Figure S1
demonstrating the associations between variables considered as potential confounders in
the analysis (16). We used the survival predictions for visualising the trajectory of people
with and without anxiety (i.e., survival figures), for both the unadjusted and model 3
estimates. In these figures, we call event-free survival (or PD-free survival) when a person

has not presented the outcome at a given time point of follow up.

In order to determine which factors contribute to the prediction of PD in people with incident
anxiety from the incident and dynamic cohort described above, we evaluated several risk
factors for developing PD (i.e., risk of developing PD given an incident anxiety diagnosis).
We examined the presence of risk and prodromal features of PD at any time point between
the anxiety diagnosis date up to one year before the date of PD diagnosis. The one-year
interval before diagnosis of PD was chosen to account for diagnostic delays for PD. For
each risk factor, we determined the risk of developing PD, unadjusted and adjusted for the
other risk and prodromal features. For survival models, we evaluated the proportional hazard
assumption graphically. Missing data on covariates were handled by multiple imputation with
chained equations. Imputation models included one auxiliary variable (i.e., systolic blood
pressure) and a Nelson-Aalen estimator. We imputed twenty datasets, specifying 100
iterations for the burn-in period for each chain (one chain per imputation). The survival

models were fitted in each of the twenty datasets and their estimates summarised applying



Rubin’s rules. Multiple imputation codes are reported in Supplementary Box S2. All
estimates were given with 95% confidence intervals (C.l.) using robust standard errors to
consider clustering by practice. The statistical analyses were performed using Stata/MP

version 16.1 for Windows (17).

Results

Comparing the risk of developing PD in people with and without anxiety

There were 38,510 men and 70,925 women who were diagnosed with a first episode of
anxiety; and 324,670 men and 553,586 women in the unexposed group. In the anxiety
group, sleep problems, depression, fatigue and constipation were prodromal features that

were more common (Table 1).

Of those who had anxiety, 331 developed PD during the follow up period. The median time
to diagnosis of PD after the first recorded episode of anxiety was 4.9 years (interquartile

range = 5.6).

The incidence of PD in those with and without anxiety was 1.02 (95% CI 0.92-1.13) and 0.49
(95% CI 0.47-0.52) per 1,000 person-years, respectively (Table 2). The risk of PD in people
with anxiety was 2-fold the risk of people without, even after adjustment for age, sex, social
deprivation, lifestyle factors, severe mental illness, head trauma and dementia (HR 2.1 (95%
Cl 1.9 — 2.4) (Table 2). Also, people without anxiety survived for a longer period of time
without developing a PD event compared to those with anxiety (Figure 1). We also report the
absolute risk of having Parkinson’s per age band for those with and without anxiety
(Supplementary Table S1). This may be helpful for clinicians having discussions with their

patients about their risk of Parkinson’s, considering their specific age group.

Identifying risk factors for developing PD in people with anxiety

Women (HR 0.4 CI: 0.34-0.50) and those in the most deprived socioeconomic group (HR
0.60 CI: 0.40-0.91) were less likely to be diagnosed with PD. When lifestyle factors were
included in the model (smoking, alcohol use and BMI), they were not found to be associated
with developing PD. The following symptoms were associated with developing PD in people
with anxiety: depression (HR 1.7 Cl: 1.1-2.5), sleep disturbance (HR 2.2 CI: 1.5-3.2), fatigue
(HR 1.8 CI: 1.3-2.6), cognitive impairment (HR 1.8 ClI: 1.1-3.1), hypotension (HR 4.0 CI: 1.7-
9.7), tremor (HR 21.3 CI: 14.4-31.5), rigidity (HR 5.1 CI: 1.2-21.2), balance impairment (HR



4.2 Cl: 2.1-8.3), constipation (HR 2.6 CI: 1.9-3.6), but not shoulder pain, dizziness, erectile

dysfunction and urinary dysfunction (Table 3).

Discussion

Summary

Our results suggest that there is a strong association between anxiety and later diagnosis of
PD in patients over the age of 50 years who present with a new diagnosis of anxiety. In
people with anxiety, we confirmed that depression, sleep disturbance, fatigue, cognitive
impairment, hypotension, tremor, rigidity, balance impairment, and constipation are risk

factors for developing PD.
Comparison with existing literature

Our findings are in line with results from previous studies reporting an increased risk of PD in
people with previous anxiety (HR 1.38 ClI: 1.26-1.51; HR 1.5 ClI: 1.0-2.1, HR 1.63 CI: 1.16-
2.27) (8,9,10) in a population that is broadly representative of the UK population, even when
adjusting for socioeconomic factors, lifestyle factors and confounding conditions such as
severe mental illness, head trauma and dementia. It was important to include these
conditions, as they have been shown to be associated with both anxiety and PD (18-29). Of
note, smoking has consistently negatively been associated with PD, whereas it has been
positively associated with anxiety. In this study in patients with anxiety, smoking status was

not associated with PD when alcohol use and BMI was also accounted for.

In keeping with PD overall, older people, those in a less deprived socioeconomic group and
male individuals with anxiety were at greater risk of a diagnosis of PD. This is similar to the
general population, as incidence of a PD diagnosis is known to be higher in older people,
males and those from higher socioeconomic groups (30,31). Anxiety, on the other hand, is
more common in females and tends to start earlier in life (32). However, mental health is
under-reported and under-recognised, including in older people (33), in part due to stigma
and negative media portrayal (34). Primary care doctors also under-record anxiety
symptoms and diagnoses, sometimes because they do not want to give patients a mental
health label (35). It is therefore possible that only more severe forms of anxiety were

recorded.

The pattern of clinical features associated with later PD was similar to that reported in the

general population previously (36), including motor features (tremor, rigidity, balance



impairment), autonomic features (constipation and hypotension), sleep disturbance,
cognitive impairment, and fatigue (37). However, the previously reported features that were
not associated with an increased risk of PD were erectile dysfunction, urinary dysfunction,
dizziness and shoulder pain. This may be due to these symptoms masking an association of
specific presentations such as postural hypotension with later diagnosis of PD, or due to
underreporting of these symptoms in general practice. However, as they were previously
shown to be associated with later diagnosis of PD in a similar study design, it may also
suggest that patients with PD who present with initial anxiety have a specific clinical
phenotype with fewer autonomic features. It has been suggested that PD can begin with

different phenotypes, reflecting differences in progression pathways.

The condition has been divided using subtyping systems, including according to age-at-
onset categories, motor phenotypes and by non-motor symptoms (38), for example the
neuropsychiatric subtype, where defining symptoms are anxiety and depression, postural
instability, and gait disturbances (39, 40). There are also subtypes according to whether
symptoms do or do not start in the brain (brain and body first subtypes) (41). There is
increasing evidence for specific non-motor dominant PD phenotypes and subtyping may
help guide research and clinical practice, although this may be challenging as PD is highly
heterogenous and subtypes are likely to overlap (42). One specific hypothesis suggests that
there is a ‘brain first’ subtype of PD, which starts in the brain and spreads to the peripheral
autonomic nervous system, and a ‘body first PD pathology that starts in the enteric or
peripheral autonomic nervous system and spreads to the brain (41), leading to presentations
with orthostatic hypotension, constipation and olfactory symptoms (43). Onset of PD with
anxiety as first presentation may fit into this model of the ‘brain first’ subtype, with less
involvement of peripheral autonomic structures and greater involvement of serotonergic
structures involved in early stages (44). Other features of PD that are thought to be related
to serotonergic deficits include fatigue, poor sleep and depression (45) which the study also

found to be associated with an increased the risk of later PD.

Strengths and limitations

This study used a large electronic health record database which is broadly representative of
the UK population. We also included important factors such as socioeconomic status,
lifestyle factors and confounding conditions, such as severe mental iliness and our results
therefore add to what is already known in this area. However, our results are limited by the
information entered in the medical records by healthcare professionals, which is primarily

added for clinical purposes and not research. Mental health is under-recorded in electronic



health records including in older people (33, 35), in part due to stigma and negative media
portrayal (34). It is therefore possible that the true impact of anxiety on subsequent PD
incidence is therefore not fully captured in our results due to under-reporting and under-

recording.
Implications for research and/or practice

Anxiety is not as well researched as other prodromal features of PD, such as depression.
Further research should explore anxiety in relation to other prodromal symptoms and how
this symptom complex is associated with the incidence of PD. This may lead be earlier
diagnosis and better management of PD. It could also explore if incidence is affected by
severity of anxiety and we recommend that further studies are needed to explore why there

is an increased risk of PD in people with anxiety over the age of 50.

Conclusion

There was a twofold increase in risk of PD in patients with first presentation of anxiety over
the age of 50 years. The clinical features of those who developed PD can help identify

patients presenting with anxiety who are in the prodromal phase of PD.



Funding

This study was funded by the European Union AND-PD grant (EU Commission number
84800). JCB was funded by the National Institute for Health Research (NIHR) Three
Research Schools Mental Health Programme (Grant Reference Number: MHF012). DN was
funded by the Alzheimer’s Society Clinical Training Fellowship programme (Grant 584, AS-
CTF-21-001). The views expressed are those of the authors and not necessarily those of the
EU, NIHR or the Alzheimer’s Society.

Ethical approval

No ethical approval was needed as this study analysed data routinely collected from primary
care. The Health Improvement Network (THIN) data, also known as IQVIA Medical
Research Data, have a REC Reference 18/L0O/0441, as visible on the NHS Health Research
Authority website. Scientific approval to undertake this study was received from the South
East Medical Research Scientific Review Committee at IQVIA (SRC Protocol Number: 21-
003). The IQVIA SRC did not request extra participants' consent for this study, and IQVIA
counts with all permissions requested by the NHS Health Research Authority. All research
methods were carried out in accordance with the NHS Health Research Authority guidelines
and regulations.

Competing interest

There are no competing interests to declare.

Acknowledgements

We want to thank our colleagues at the UCL Centre for Electronic Health Records research
And Methodology (CEHRAM) for their feedback at different stages of this study. This report
is independent research supported by the National Institute for Health Research ARC North
Thames. The views expressed in this publication are those of the author(s) and not
necessarily those of the National Institute for Health Research or the Department of Health
and Social Care.



https://www.ucl.ac.uk/epidemiology-health-care/research/primary-care-and-population-health/research/health-records
https://www.ucl.ac.uk/epidemiology-health-care/research/primary-care-and-population-health/research/health-records

References

1.Moron LP, Irimata KE, Parker JD. Comparison of Mental Health Estimates by
Sociodemographic Characteristics in the Research and Development Survey 3 and the 2019
National Health Interview Survey. Natl Health Stat Report. 2023(188):1-11.

2. Gulpers BJA, Oude Voshaar RC, van Boxtel MPJ, et al. Anxiety as a Risk Factor for
Cognitive Decline: A 12-Year Follow-Up Cohort Study. Am J Geriatr Psychiatry.
2019;27(1):42-52. doi: 10.1016/j.jagp.2018.09.006.

3. Welzel FD, Luppa M, Pabst A, et al. Incidence of Anxiety in Latest Life and Risk Factors.
Results of the AgeCoDe/AgeQualiDe Study. Int J Environ Res Public Health.
2021;18(23):12786. doi: 10.3390/ijerph182312786.

4. Gracia-Garcia P, Bueno-Notivol J, Lipnicki DM, et al. Clinically significant anxiety as a risk
factor for Alzheimer's disease: Results from a 10-year follow-up community study. Int J
Methods Psychiatr Res. 2023;e1934. doi: 10.1002/mpr.1934.

5. Dorsey ER, Bloem BR. The Parkinson Pandemic-A Call to Action. JAMA Neurol.
2018;75(1):9-10. doi: 10.1001/jamaneurol.2017.3299.

6. Dissanayaka NN, Sellbach A, Matheson S, et al. Anxiety disorders in Parkinson's disease:
prevalence and risk factors. Mov Disord. 2010;25(7):838-45. doi: 10.1002/mds.22833.

7. Chaudhuri KR, Healy DG, Schapira AH; National Institute for Clinical Excellence. Non-
motor symptoms of Parkinson's disease: diagnosis and management. Lancet Neurol.
2006;5(3):235-45. doi: 10.1016/S1474-4422(06)70373-8.

8. Lin CH, Lin JW, Liu YC, et al. Risk of Parkinson's disease following anxiety disorders: a
nationwide population-based cohort study. Eur J Neurol. 2015;22(9):1280-7. doi:
10.1111/ene.12740.

9. Weisskopf MG, Chen H, Schwarzschild MA, et al. Prospective study of phobic anxiety and
risk of Parkinson's disease. Mov Disord. 2003;18(6):646-51. doi: 10.1002/mds.10425.

10. Bower JH, Grossardt BR, Maraganore DM, et al. Anxious personality predicts an
increased risk of Parkinson's disease. Mov Disord. 2010;25(13):2105-13. doi:
10.1002/mds.23230.

11. QuintilesIMS. THIN Data Guide for Researchers. London2017.

12. Horsfall L, Walters K, Petersen I. Identifying periods of acceptable computer usage in
primary care research databases. Pharmacoepidemiology and Drug Safety. 2013;22(1):64-
9.

13. Maguire A, Blak BT, Thompson M. The importance of defining periods of complete
mortality reporting for research using automated data from primary care.
Pharmacoepidemiology and Drug Safety. 2009;18(1):76-83.



14. Blak BT, Thompson M, Dattani H, Bourke A. Generalisability of The Health Improvement
Network (THIN) database: demographics, chronic disease prevalence and mortality rates.
Inform Prim Care. 2011;19(4):251-5.

15. Ohneberg K, Beyersmann J, Schumacher M. Exposure density sampling: dynamic
matching with respect to a time-dependent exposure. Statistics in Medicine.
2019;38(22):4390-403

16. Tennant PWG, Murray EJ, Arnold KF, et al. Use of directed acyclic graphs (DAGs) to
identify confounders in applied health research: review and recommendations. Int J
Epidemiol. 2021;50(2):620-632. doi: 10.1093/ije/dyaa213.

17. StataCorp. 2019. Stata Statistical Software: Release 16. College Station, TX: StataCorp
LLC, https://www.stata.com/statamp/

18. Vilsaint CL, NeMoyer A, Fillbrunn M, et al. Racial/ethnic differences in 12-month

prevalence and persistence of mood, anxiety, and substance use disorders: Variation by
nativity and socioeconomic status. Compr Psychiatry. 2019;89:52-60. doi:
10.1016/j.comppsych.2018.12.008.

19. Caslake R, Taylor K, Scott N, et al. Age-, gender-, and socioeconomic status-specific
incidence of Parkinson's disease and parkinsonism in northeast Scotland: the PINE study.
Parkinsonism Relat Disord. 2013;19(5):515-21. doi: 10.1016/j.parkreldis.2013.01.014.

20. Yang F, Johansson ALV, Pedersen NL, et al. Socioeconomic status in relation to
Parkinson's disease risk and mortality: A population-based prospective study. Medicine
(Baltimore). 2016;95(30):e4337. doi: 10.1097/MD.0000000000004337.

21. Hiott DW, Labbate L. Anxiety disorders associated with traumatic brain injuries.
NeuroRehabilitation. 2002;17(4):345-55.

22. Delic V, Beck KD, Pang KCH, Citron BA. Biological links between traumatic brain injury
and Parkinson's disease. Acta Neuropathol Commun. 2020;8(1):45. doi: 10.1186/s40478-
020-00924-7.

23. Kuusimaki T, Al-Abdulrasul H, Kurki S, Hietala J, et al. Increased Risk of Parkinson's
Disease in Patients With Schizophrenia Spectrum Disorders. Mov Disord. 2021;36(6):1353-
1361. doi: 10.1002/mds.28484.

24 Hall J. Schizophrenia - an anxiety disorder? Br J Psychiatry. 2017;211(5):262-263. doi:
10.1192/bjp.bp.116.195370.

25. Faustino PR, Duarte GS, Chendo |, et al. Risk of Developing Parkinson Disease in
Bipolar Disorder: A Systematic Review and Meta-analysis. JAMA Neurol. 2020;77(2):192-
198. doi: 10.1001/jamaneurol.2019.3446.

26. Rowland TA, Marwaha S. Epidemiology and risk factors for bipolar disorder. Ther Adv
Psychopharmacol. 2018;8(9):251-269. doi: 10.1177/2045125318769235.


https://www.stata.com/statamp/

27. Moylan S, Jacka FN, Pasco JA, Berk M. How cigarette smoking may increase the risk of
anxiety symptoms and anxiety disorders: a critical review of biological pathways. Brain
Behav. 2013;3(3):302-26. doi: 10.1002/brb3.137.

28. Eriksson AK, Loéfving S, Callaghan RC, Allebeck P. Alcohol use disorders and risk of
Parkinson's disease: findings from a Swedish national cohort study 1972-2008. BMC Neurol.
2013;13:190. doi: 10.1186/1471-2377-13-190.

29. Xu 'Y, Yang J, Shang H. Meta-analysis of risk factors for Parkinson's disease dementia.
Transl Neurodegener. 2016;5:11. doi: 10.1186/s40035-016-0058-0.

30. Van Den Eeden SK, Tanner CM, Bernstein AL, et al. Incidence of Parkinson's disease:
variation by age, gender, and race/ethnicity. Am J Epidemiol. 2003;157(11):1015-22. doi:
10.1093/aje/kwg068.

31. Yang F, Johansson ALV, Pedersen NL, et al. Socioeconomic status in relation to
Parkinson's disease risk and mortality: A population-based prospective study. Medicine
(Baltimore). 2016;95(30):e4337. doi: 10.1097/MD.0000000000004337.

32. Remes O, Brayne C, van der Linde R, Lafortune L. A systematic review of reviews on
the prevalence of anxiety disorders in adult populations. Brain Behav. 2016;6(7):e00497. doi:
10.1002/brb3.497.

33. Wittchen HU, Kessler RC, Beesdo K, et al. Generalized anxiety and depression in
primary care: prevalence, recognition, and management. J Clin Psychiatry. 2002;63 Suppl
8:24-34

34. Stuart H. Media portrayal of mental illness and its treatments: what effect does it have on
people with mental illness? CNS Drugs. 2006;20(2):99-106. doi: 10.2165/00023210-
200620020-00002.

35. Archer C, Kessler D, Wiles N, Turner K. GPs’ and patients’ views on the value of
diagnosing anxiety disorders in primary care: a qualitative interview study. British Journal of
General Practice. 2021:BJGP.2020.0959.

36. Schrag A, Horsfall L, Walters K, et al. Prediagnostic presentations of Parkinson's
disease in primary care: a case-control study. Lancet Neurol. 2015;14(1):57-64. doi:
10.1016/S1474-4422(14)70287-X.

37. Hustad E, Aasly JO. Clinical and Imaging Markers of Prodromal Parkinson's Disease.
Front Neurol. 2020;11:395. doi: 10.3389/fneur.2020.00395.

38. Sauerbier A, Jenner P, Todorova A, Chaudhuri KR. Non motor subtypes and Parkinson’s
disease. Parkinsonism Relat Disord 2016; 22(Suppl 1):S41-S46.

39. Brown RG, Landau S, Hindle JV, et al. Depression and anxiety related subtypes in
Parkinson’s disease. J Neurol Neurosurg Psychiatry 2011;82:803-809.

40. Burn DJ, Landau S, Hindle JV, et al. Parkinson’s disease motor subtypes and mood.
Mov Disord 2012;27:379-386



41. Horsager J, Andersen KB, Knudsen K, et al. Brain-first versus body-first Parkinson's
disease: a multimodal imaging case-control study. Brain. 2020;143(10):3077-3088. doi:
10.1093/brain/awaa238.

42. Marras C, Chaudhuri KR. Nonmotor features of Parkinson's disease subtypes. Mov
Disord. 2016;31(8):1095-102. doi: 10.1002/mds.26510.

43. Horsager J, Knudsen K, Sommerauer M. Clinical and imaging evidence of brain-first and
body-first Parkinson's disease. Neurobiol Dis. 2022;164:105626. doi:
10.1016/j.nbd.2022.105626.

44. Gordon JA, Hen R. The serotonergic system and anxiety. Neuromolecular Med.
2004;5(1):27-40. doi: 10.1385/NMM:5:1:027.

45. Politis M, Niccolini F. Serotonin in Parkinson's disease. Behav Brain Res. 2015;277:136-
45. doi: 10.1016/j.bbr.2014.07.037.



Tables

Table 1: Characteristics of people with and without Anxiety (N=987,691)

Non-Anxiety Cohort Anxiety Cohort
(N=878,256) (N=109,435)
Characteristic n % n %
Sex
men 324670 36.97 38510 35.19
women 553586 63.03 70925 64.81
Age
50-55 343552 39.12 41794 38.19
55-60 129533 14.75 16288 14.88
60-65 121250 13.81 14869 13.59
65-70 89183 10.15 11056 10.10
70-75 75715 8.62 9724 8.89
75-80 59062 6.72 7656 7.00
80-85 36504 416 4868 4.45
85-90 18298 2.08 2505 2.29
90-95 4481 0.51 603 0.55
95-99 678 0.08 72 0.07
deprivation
least deprived 242499 27.61 28260 25.82
2 214063 24.37 25610 23.40
3 184065 20.96 22803 20.84
4 143140 16.30 19225 17.57
most deprived 94489 10.76 13537 12.37
alcohol
non drinker 372292 42.39 53538 48.92
ex drinker 175477 19.98 28113 25.69
normal drinker 55944 6.37 9539 8.72
heavy drinker 26271 2.99 5209 4.76
very heavy drinker 864 0.10 183 0.17
missing 247408 28.17 12853 11.74
smoking
never smoker 372370 42.40 53540 48.92
ex smoker 182842 20.82 29382 26.85
current smoker 128077 14.58 22808 20.84

missing 194967 22.20 3705 3.39



body mass index
mean(sd)

missing
cognitive
impairment
erectile dysfunction
sleep problems
balance impairment
constipation
depression
dizziness
fatigue
hypotension
rigidity
shoulder pain
tremor

urinary dysfunction

27.94
(5.61)
280128

16578

18767
29989
3365
42838
24820
40392
51740
2877
978
43297
3445
3006

31.90

1.89

2.14
3.4
0.38
4.88
2.83
4.60
5.89
0.33
0.11
4.93
0.39
0.34

2773
(5.72)
13868

3369

2152
8813
606
9251
9900
6464
12330
393
140
4002
703
468

12.71

3.10

2.00
8.10
0.55
8.45
9.05
5.91
11.27
0.36
0.13
3.66
0.64
0.43




Table 2. Incidence of Parkinson's disease in patients with and without Anxiety (N=987,691).

Group Incidence (95% CI)*  Unadjusted HR (95% CI)  Model | - HR (95% CI)  Model Il - HR (95% CI)  Model Il - HR (95% Cl)
Non-
_ 0.49 (0.47-0.52) reference reference reference reference
Anxiety
Anxiety 1.0 (0.92-1.1) 2.5(2.3-2.8) 2.7(24-2.9) 2.7 (2.4-3.0) 2.1(1.9-24)

(*) Incidence per 1000 person-years

Model | is a Weibull survival model adjusted for sex, age and deprivation and for clustering by practice using robust standard errors.

Model Il is a Weibull survival model adjusted for sex, age and deprivation, alcohol, smoking, BMI and for clustering by practice using robust standard
errors.

Model Ill is a Weibull survival model adjusted for sex, age and deprivation, alcohol smoking, BMI, SMI, Head Trauma, Dementia and for clustering by

practice using robust standard errors.



Table 3. Parkinson's disease risk factors in people with Anxiety (N=109,435).

Vs Model 1 Model 2 Model 3
HR (95% ClI) HR (95% ClI) HR (95% ClI)
sex
men reference reference
women 0.42 (0.35-0.52) 0.40 (0.33-0.49) 0.41 (0.34-0.50)
age
50-55 reference reference
55-60 34 (2.1-5.4) 3.3(2.1-5.3) 3.2(2.0-5.2)
60-65 44(2.9-6.9) 4.4 (2.8-6.8) 4.0 (2.6-6.3)
65-70 8.1(5.3-12.6) 7.9 (5.1-12.2) 7.0 (4.5-11.1)
70-75 10.2 (6.7-15.7) 9.7 (6.3-14.9) 8.0 (5.1-12.4)
75-80 8.5 (5.4-13.5) 7.9 (5.0-12.5) 6.5 (4.0-10.6)
80-85 8.3 (4.9-14.1) 7.5(4.4-12.9) 6.7 (3.8-11.6)
85-90 4.4(1.8-10.6) 3.8 (1.6-9.4) 3.4 (1.4-8.3)
90-95 11.8 (3.5-39.0) 9.9 (3.0-32.9) 9.8 (2.9-32.8)
95-99 0 (0-0) 0(0-0) 0(0-0)
deprivation
least deprived reference reference
2 0.89 (0.66-1.2) 0.91(0.68-1.2) 0.91 (0.68-1.2)
3 1.1(0.82-1.4) 1.1 (0.86-1.5) 1.1(0.86-1.5)
4 0.89 (0.66-1.2) 0.98 (0.72-1.3) 0.97 (0.72-1.3)
most deprived 0.54 (0.36-0.81) 0.61 (0.40-0.92) 0.60 (0.40-0.91)
alcohol
non drinker reference
ex drinker 0.73(0.21-2.5) 0.73 (0.20-2.6)
normal drinker 0.77 (0.17-3.5) 0.77 (0.16-3.7)
heavy drinker 0.68 (0.15-3.2) 0.64 (0.13-3.2)
very heavy drinker 0(0-9.1) 0(0-28.2)
smoking
never smoker reference
ex smoker 0.99 (0.30-3.4) 0.99 (0.27-3.6)
current smoker 0.63 (0.15-2.7) 0.63 (0.14-2.9)
body mass index 0.99 (0.97-1.0) 0.99 (0.97-1.0)
cognitive impairment 1.8 (1.1-3.1)
erectile dysfunction 0.96 (0.42-2.2)



sleep problems
balance impairment
constipation
depression
dizziness

fatigue

hypotension

rigidity

shoulder pain
tremor

urinary dysfunction

2.2(1.5-3.2)
4.2(2.1-8.3)
2.6 (1.9-3.6)
1.7 (1.1-2.5)
0.56 (0.29-1.1)
1.8 (1.3-2.6)
4.0(1.7-9.7)
5.1(1.2-21.2)
0.86 (0.41-1.8)
21.3 (14.4-31.5)
1.8 (0.44-7.5)

We performed multiple imputation (20 datasets) for bias correction.

Model 1 is a Weibull survival model adjusted for sex, age and deprivation and for clustering by practice using robust standard

errors.

Model 2 is a Weibull survival model adjusted for sex, age and deprivation, alcohol, smoking, BMI and for clustering by practice

using robust standard errors.

Model 3 is a Weibull survival model adjusted for sex, age and deprivation, alcohol smoking, BMI, cognitive impairment, erectile

dysfunction, sleep problems, balance impairment, constipation, depression, dizziness, fatigue, hypotension, rigidity,

shoulder pain, tremor, urinary dysfunction, and for clustering by practice using robust standard errors.



Figures

Unadjusted Adjusted

E: g
2 2
> >
» »
3 (Fig 1a) ) (Fig 1b)
z z
[) o
> >
] 1]
3 ©
T T T T T T
0 10 0 5 10
time (years) time (years)
non-anxiety _—— == anxiety | non-anxiety _—— == anxiety
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dysfunction, and for clustering by practice (using robust standard errors).

Parkinson's Disease-free survival for people with and without anxiety



