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Abstract

Background: Previous studies have linked cycling with improved mental wellbeing but these studies tend to use cross-sectional survey data
that have small sample sizes and self-reported health measures, and are potentially susceptible to omitted-variable bias and reverse causation.
We use an instrumental variable approach and an objective measure of mental ill-health taken from linked administrative data to ask: ‘Does cycle
commuting reduce the risk of mental ill-health?’

Methods: Our study links data on commuting in Edinburgh and Glasgow from the Scottish population census with mental health prescriptions
from the National Health Service Prescribing Information System records. We use road distance from home to nearest cycle path as an
instrumental variable for cycle commuting.

Results: In total, 378253 people aged 16-74 years living and working in the City of Edinburgh and Glasgow City council areas at the 2011
census were included in our study; 1.85% of commuters in Glasgow and 4.8% of commuters in Edinburgh cycled to work. Amongst cyclists,
9% had a prescription for mental health compared with 14% amongst non-cyclists. Using a bivariate probit model, we estimate a mean average
reduction in prescriptions for antidepressants and/or anxiolytics in the 5 years following the census of =15.1% (95% Cl: =15.3% to -15.0%)
amongst cycle commuters compared with those who use any other mode to commute.

Conclusions: This work suggests that cycle commuting is causally related to reduced mental ill-health and provides further evidence in support
of the promotion of active travel to encourage commuters travelling shorter distances to shift to cycle commutes.

Keywords: Commuting, cycling, cycle commuting, active travel, mental health, instrumental variable analysis.

Key Messages

* Only a small percentage of the population of Scotland cycle to work.

* Research has shown that cycle commuting is beneficial to mental wellbeing.

¢ Using an instrumental variable analysis, we show that cycle commuting reduces the chances of being prescribed antidepressants and/or
anxiolytics.

* This work provides further support for the expansion of cycling facilities and the promotion of active travel as an effective health
intervention.

Introduction

The positive effect of physical activity on mental health is well
established'** with medium reductions in depression and small
reductions in anxiety reported.” However, the domain (e.g.
sport, leisure, commuting) in which physical activity happens
may influence its impact on mental health.* Active commuting
can be an important way for individuals to increase or maintain
their physical activity levels as they are more likely to sustain

physical activity levels if they can be incorporated into daily
routines.>® Individual studies have linked cycle commuting to
reduced all-cause mortality risk,”™ decreased risk of cardiovas-
cular disease®™"! and cancer-related mortality,*” and a system-
atic review reported the health benefits of cycling.'? In terms of
mental health, cycle commuting has been linked to better sub-
jective wellbeing,'*'* self-reported health®'* and health-related

Received: 4 January 2023. Editorial Decision: 19 September 2023. Accepted: 25 October 2023

© The Author(s) 2024. Published by Oxford University Press on behalf of the International Epidemiological Association.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https:/creativecommons.org/licenses/by/4.0/), which
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

¥20z Aenuer g uo Jesn ybinquip3 o Ausienun Aq L0L62G2/ES LPeAP/Rll/E60 L 0L /10p/8|01E-20uUBApE/S(l/WOD dNO dlWSpEdE//:Sd)Y WOl papeojumoq


https://orcid.org/0000-0003-3550-5087
https://orcid.org/0000-0002-6979-0026
https://orcid.org/0000-0003-1769-3774

quality of life.'® Long bicycle commutes are reported to be men-
tally relaxing and beneficial in the transition between work and
home;'” however, a systematic review found the relationship be-
tween active commuting and depression to be inconsistent."®

It is conservatively estimated that poor mental health costs
the Scottish economy £8.8 billion per year, with most of this
cost being due to lost productivity amongst those living with
mental health conditions. This does not include personal
costs, such as those related to discrimination, social exclusion
and stigmatization or absenteeism in the workplace.
Approximately 40% of total costs can be attributed to major
depression and anxiety disorders."’

Much research in this area has used small-scale observational
data with the associated risks of omitted-variable bias and re-
verse causation. Infrastructure supporting the linkage of census
and individual health records and the objective measure of men-
tal health from prescription records provides us with the oppor-
tunity to improve on these previous studies.'®'* We use a
pseudo experimental approach (using an instrumental variable)
and linked administrative data comprising the whole population
and their prescription data to ask: ‘Does cycle commuting re-
duce the risk of mental ill-health?’

Methods
Data source

We used data from the 2011 Scottish Census (census) linked
to individual records from the Scottish National Prescription
Information System (PIS) for the 5 years following the census
date. The PIS covers all National Health Service (NHS)
Scotland prescriptions, prescribed, dispensed and reimbursed
in the community setting.?° The data were provided in ano-
nymized format and analyses undertaken in a secure and reg-
ulated setting overseen by the electronic Data Research and
Innovation Service (eDRIS), Public Health Scotland. Results
were assessed by using National Records of Scotland and
eDRIS prior to publication to ensure minimized risk of statis-
tical disclosure of personal data.

Study population

We restricted our study population to people living in
Glasgow City and City of Edinburgh council areas, aged 16—
74 years on census night who were in employment and com-
muted to their place of work. This equated to 400 814 people
in 2011. We excluded those who had relevant prescriptions
for mental ill-health (see ‘Outcome’) up to and including the
month in which the census was held to capture occurrence
rather than recurrence and those who lived >2km from the
nearest cycle path, as empirically we found that propensity to
cycle was less well predicted at distances of >2km
(Supplementary Figure S1, available as Supplementary data
at IJE online). Our final study population included 378253
individuals.

Variables

Exposure

The census asked: ‘How do you usually travel to your main
place of work or study (including school)?” Responses in-
cluded the following: driving a car or van; passenger in a car
or van; on foot; bus, minibus or coach; train; underground,
subway, metro, light rail or tram; taxi or bicycle; motorcycle,
scooter or moped; and other. We grouped these responses
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into a binary variable of bicycle vs all other modes
of commute.

Outcome

Our outcome measure was new prescriptions for antidepres-
sants (British National Formulary 4.3) and anxiolytics
(British National Formulary 4.1.2) taken from the PIS data
for prescriptions”! in the 5 years following the census. We
did not include amitriptyline and nortriptyline at low doses
(<30 mg per day; i.e. three doses of the 10-mg tablet or one
25-mg tablet) from our antidepressant data set since these
medicines are often used at low dose for non-mental illness-
related conditions (e.g. neuropathic pain).** From these data,
we created a binary variable in which 0 was no prescription
for antidepressants and/or anxiolytics in the time period and
1 was having any prescription for antidepressants and/or
anxiolytics. Antidepressants are prescribed conservatively in
Scotland and therefore there is good reason to believe the re-
cipient of the prescription has been experiencing depression
or anxiety.”> We therefore take a single prescription as an in-
dication of mental ill-health.

Instrument

We use distance to a cycle path as our instrumental variable
(IV)—this was calculated as the straight-line distance from an
individual’s residential address to the nearest cycle path.
Proximity has been used as an effective instrumental variable
in other studies.”* The individual residential addresses are
represented using grid references for the centroids of postco-
des (average 30 households). The cycle paths for Edinburgh
are from 2010 whereas the equivalent data for Glasgow are
from 2014. The Feature Manipulation Engine was used to
calculate the distance between residential postcode and near-
est cycle path. The distance is the measure from the census
postcode grid reference point to the node along the cycle path
that is closest.

Instrumental variable assumptions

A generalized linear model could potentially be biased were
we to directly estimate the effect of cycling to work on mental
health prescriptions due to unobserved confounding. This
unobserved confounding could result in the error term of the
model being correlated with the explanatory variables of the
cycling-to-work variable. This means that the estimated effect
of cycling to work would include the true effect of cycle com-
muting on prescriptions for mental health conditions but it
would also capture the effect of the unobserved variable. To
avoid this potential problem, we use an IV approach. IV anal-
yses mimic randomized—controlled experiments in which the
instrument effectively randomizes individuals to the expo-
sure. To employ an IV analysis, we make the following
assumptions: relevance, exchangeability and exclusion
restriction.”

Relevance

For the instrument to be relevant, it must be associated with
the exposure. A priori we note that there is evidence for this
relationship.>®>” We also empirically test this assumption by
calculating the F-statistic for the strength of the relationship
between distance to cycle path and cycling.
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Sex
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Other physical activity
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Distance to cycle path
from home

Cycle to work
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Mental health
prescription (yes/no)

Instrument
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Figure 1. Causal diagram showing our instrument (distance to cycle path from home), exposure (whether individual cycles to work or uses another form
of transport), outcome (whether individual has a mental health prescription) and confounders. Our list of confounders is for illustration and is not
complete, as instrumental variable analysis does not require the strong assumption of no unmeasured confounding for the exposure and outcome

Exchangeability

The exchangeability assumption requires that no common
causes are shared between the instrument and the outcome.
In the context of our study, this means that there are no com-
mon causes between the distance from home to the cycle path
and whether an individual has a prescription for antidepres-
sants or anxiolytics. Reviewing the literature, we find no evi-
dence that there are any such common causes; therefore, we
do not statistically adjust our analysis for other covariates
(Figure 1). However, due to the systematic differences in cy-
cling uptake and antidepressant and anxiolytic prescriptions
between males and females, we run additional analyses sepa-
rated by sex.

Exclusion restriction

Exclusion restriction requires that there is no relationship be-
tween the instrument and the outcome other than through
the exposure. For our study, this means that the distance
from home to the cycle path must not directly affect whether
an individual has a prescription for antidepressants or anxio-
lytics. Given the development of the cycle path network to
different parts of Edinburgh and Glasgow and the multiplic-
ity of drivers of residential location decision-making, we feel
it unlikely that there is a pathway through which distance
from home to the cycle path affects whether an individual has
a prescription for antidepressants or anxiolytics except via
influencing whether the individual cycles to work or not.

Analyses

We had a continuous instrument and binary exposure and
outcome variables and used a bivariate probit (biprobit)
model for our IV analysis. The biprobit model uses simulta-
neous likelihood estimation to estimate the average treat-
ment effect.

All analyses were carried out in R*® except for the biprobit
modelling, which was performed in Stata;*” 95% Cls were

calculated using the Delta Method wusing the Stata
‘margins’ command.

Sensitivity analyses
We also conduct a series of sensitivity analyses.

First, as it has been reported that physical activity reduces
depression by a ‘medium’ amount and anxiety by a ‘small’
amount in non-clinical populations,® we also model the pre-
scriptions for antidepressants and anxiolytics separately, but
not mutually exclusively. This also accounts for the differen-
ces in prescribing patterns between antidepressants and
anxiolytics.

We remove those who walk to work from the data set,
thereby comparing mental health between those who cycle
and those who take part in non-active commuting as their
main mode of commute.

We use a negative control outcome as suggested by Davies
et al. to evaluate whether the IV assumptions hold.*° To do
this, we replace prescriptions for antidepressants and anxio-
lytics with prescriptions for antipsychotics (British National
Formulary 4.2)*" as our outcome of interest and limit this to
prescriptions that occurred in our data set before the census
took place. We believe this is a valid negative outcome con-
trol for our investigation because, in contrast to mood and
anxiety disorders, genetic inheritance has a stronger impact
on psychosis risk than environmental factors.*’ Assuming
that any confounders of the relationship between distance to
cycle path and mental health are unlikely to be genetic in na-
ture (and in particular jointly causing proximity to a cycle
path and a heightened risk of schizophrenia) and that cycling
to work is not particularly protective for genetically inherited
schizophrenia, we would not expect a relationship between
our IV and antipsychotic prescribing in the absence of an un-
known causal factor or reverse causation affecting our study
design. Consequently, no effect for antipsychotic prescribing
in a replicated design would support the validity of our IV.
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Finally, we carry out a ‘standard’ adjusted analysis using lo-
gistic regression to model the main outcome, prescriptions for
anxiolytics and/or antidepressants and exposure, cycle commut-
ing, whilst adjusting for measured confounders identified a pri-
ori with the aid of a Directed Acyclic Graph (Figure 1).

Results
Population characteristics

At the 2011 census, the percentage of commutes of <5km for
the City of Edinburgh and Glasgow City council areas were
54.4% and 51.8%, respectively. Of working people aged 16—
74 years living in the Glasgow City council area, 1.85% cycled
to work at the 2011 census (Figure 2). In the City of Edinburgh
council area, this figure was 4.8%. Men were more likely to cy-
cle to work than women. Of the 378253 (males=190227,
females =188 026) in our study population, 9.1% of males and
15.6% of females had a prescription for anxiolytics or antide-
pressants; of those who cycled to work, 7.5% of males and
10.2% of females had a prescription for anxiolytics or antide-
pressants whereas for non-cyclists, 9.2% of males and 15.7%
of females had a prescription for anxiolytics or antidepressants
(Table 1). A further table is included in the Supplementary ma-
terial (available as Supplementary data at IJE online) that shows
population characteristics by prescription type (Supplementary
Table S1, available as Supplementary data at IJE online).

Instrument strength

The F-statistic, calculated from the logistic regression model,
is 143. There is no ‘rule of thumb’ for the size of the F-statis-
tic in the case in which the model is non-linear or with such a
large sample size; we therefore use the recommendation from
the literature for a cut-off of 16.38.3% This suggests that we
do not have a weak instrument.>33*

Biprobit model

The biprobit model estimates the average treatment effect of
cycling to work on the outcome (i.e. prescriptions for antide-
pressants, anxiolytics or both) in the employed population of

Distance travelled to work

Other E
On foot E
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Edinburgh and Glasgow aged 16-74 years who commute to
work. The average treatment effect is the difference in the
mean average probability of the outcome occurring between
those who cycle to work and those who do not. Here we find
a-15.1% (95% CI: =15.3% to —15.0%) mean average reduc-
tion in the probability of receiving a prescription for antide-
pressants and/or anxiolytics in the 5 years following the
census amongst cycle commuters compared with those who
use any other mode of commute. All other results show a
mean average reduction in mental health prescriptions in cy-
cle commuters compared with those who use other modes of
transport (Table 2) with this effect appearing to be smaller in
males compared with females and amongst those with an an-
xiolytic prescription compared with an antidepressant
prescription.

Results of sensitivity analyses

The biprobit model removing those who walked to work as
their main mode of transport from the data set estimates the
average treatment effect as a =14.9% (95% CI: -16.0% to
-13.8%) mean average reduction in the probability of receiv-
ing a prescription for antidepressants and/or anxiolytics in
the 5 years following the census amongst cycle commuters
compared with those who use any other ‘non-active’ mode
of commute.

Negative control outcome analysis

Modelling antipsychotics as our outcome of interest and lim-
iting those occurring before the 2011 census, we estimated an
average treatment effect of =0.000% (95% CI: -0.003% to
0.001%), suggesting that the distance from the place of resi-
dence to the nearest cycle path is not associated with poten-
tial confounders.

Logistic regression analysis

Modelling prescriptions for antidepressants and/or anxio-
lytics as our outcome in a logistic regression model control-
ling for age, sex, ethnicity, marital status, the National
Statistics Socio-economic Classification, city, self-reported

n= 791
n= 816
n= 30239
n= 36402
n= 3806

Passenger in car or van

n= 9267

n= 10401

n= 6327

Driving car or van

A= 83974
n= 68087

Motorcycle, scooter or moped

:| | I n= 362
n= 899

n= 1878

Mode of transport

.
. ==

Bus, minibus or coach

n= 755
n= 40828

n= 56362

n= 15508

, .
L S E——— —1771

Underground, subway or tram

n= 57

10000 15000 20000
Distance (m)

City BE Edinburgh B3 Glasgow

Figure 2. Distance travelled to work by people living in Glasgow City and City of Edinburgh council areas, aged 16-74 years on the 2011 census night

who were in employment and commuted to their place of work

¥20z Aenuer g uo Jesn ybinquip3 o Ausienun Aq L0L62G2/ES LPeAP/Rll/E60 L 0L /10p/8|01E-20uUBApE/S(l/WOD dNO dlWSpEdE//:Sd)Y WOl papeojumoq


https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyad153#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyad153#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyad153#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyad153#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyad153#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyad153#supplementary-data

Table 1. Characteristics of people living in Glasgow City and City of Edinburgh council areas, aged 16-74 years on the 2011 census night who were in employment and commuted to their place of work by whether
they cycle to work or not

Does not cycle to work Cycles to work Total

Characteristic Male (=181 014)  Female (n=184 542) Male (n=9213) Female (n=3484) Male (#=190227) Female (n=188 026)

Antidepressant or anxiolytic prescription
No prescription
Prescription
Antidepressant prescription
No prescription
Prescription
Anxiolytic prescription
No prescription
Prescription
National Statistics Socio-economic classification
Higher managerial, administrative and professional occupations
Intermediate occupations
Routine and manual occupations
Marital status
Never married and never registered a same-sex civil partnership
Married or in a registered same-sex civil partnership
Separated but still legally married or in a civil partnership
Divorced or formerly in a civil partnership which is now dissolved
Widowed or surviving partner from a same-sex civil partnership
Ethnic group
White
Mixed or multiple ethnic groups
Asian, Asian Scottish or Asian British
African
Caribbean or Black
Other ethnic group
Provision of unpaid care
No
Yes
Self-reported general health
Very good
Good
Fair
Bad
Very bad
Self-reported long-term health problem or disability
Yes, limited a lot
Yes, limited a little
No
City
Edinburgh
Glasgow
Age (years)
Mean (SD)
Median [min, max]
Home to nearest cycle path (km)
Mean (SD)
Median [min, max]

164 448 (90.8%)
16 566 (9.2%)

169 645 (93.7%)
11 369 (6.3%)

173 119 (95.6%)
7895 (4.4%)

73 457 (40.6%)
35086 (19.4%)
72 471 (40.0%)

88 635 (49.0%)
75 657 (41.8%)

5016 (2.8%)
10 436 (5.8%)
1270 (0.7%)

166 611 (92.0%)
809 (0.4%)
10 634 (5.9%)
1718 (0.9%)
308 (0.2%)
934 (0.5%)

166 566 (92.0%)
14 448 (8.0%)

107 548 (59.4%)
59126 (32.7%)
12017 (6.6%)

1860 (1.0%)
463 (0.3%)

2981 (1.6%)
8954 (4.9%)
169 079 (93.4%)

85 008 (47.0%)
96 006 (53.0%)

39.2 (12.8)
38.0 [16.0, 74.0]

0.315 (0.283)
0.239 [0.0000203,
2.00]

155 485 (84.3%)
29057 (15.7%)

163 168 (88.4%)
21374 (11.6%)

170 875 (92.6%)
13 667 (7.4%)

79 144 (42.9%)
41032 (22.2%)
64 366 (34.9%)

92 115 (49.9%)
67 572 (36.6%)

6672 (3.6%)
14 937 (8.1%)
3246 (1.8%)

174 248 (94.4%)
1055 (0.6%)
7043 (3.8%)
1435 (0.8%)
300 (0.2%)
461 (0.2%)

163 565 (88.6%)
20977 (11.4%)

114 032 (61.8%)
57 545 (31.2%)
11 029 (6.0%)

1599 (0.9%)
337 (0.2%)

2828 (1.5%)
9649 (5.2%)
172 065 (93.2%)

86 622 (46.9%)
97 920 (53.1%)

38.4(12.7)
37.0 [16.0, 74.0]

0.317 (0.283)
0.241 [0.00002,
2.00]

8526 (92.5%)
687 (7.5%)

8756 (95.0%)
457 (5.0%)

8896 (96.6%)
317 (3.4%)

5629 (61.1%)
1092 (11.9%)
2492 (27.0%)

4350 (47.2%)
4264 (46.3%)
163 (1.8%)
404 (4.4%)
2(0.3%)

8893 (96.5%)
3(0.9%)
149 (1.6%)
2(0.5%)
7(0.2%)
9(0.3%)

8574 (93.1%)
639 (6.9%)

6757 (73.3%)

2146 (23.3%)

261 (2.8%)
1(0.4%)
8 (0.1%)

55(0.6%)
318 (3.5%)
8840 (96.0%)

6357 (69.0%)
2856 (31.0%)

38.5(10.6)
38.0 [16.0, 74.0]

0.297 (0.250)
0.236 [0.00034,
2.00]

3128 (89.8%)
356 (10.2%)

3235 (92.9%)
249 (7.1%)

3321 (95.3%)
163 (4.7%)

2267 (65.1%)
481 (13.8%)
736 (21.1%)

1998 (57.3%)
1197 (34.4%)
78 (2.2%)

196 (5.6%)
15 (0.4%)

3199 (91.8%)
285 (8.2%)

2729 (78.3%)

668 (19.2%)
77 (2.2%)
5(0.1%)
5(0.1%)

15 (0.4%)
135 (3.9%)
3334 (95.7%)

2609 (74.9%)
875 (25.1%)

37.2 (10.4)
36.0 [16.0, 72.0]

0.280 (0.221)
0.224 [0.00002,
1.50]

172 974 (90.9%)
17253 (9.1%)

178 401 (93.8%)
11 826 (6.2%)

182 015 (95.7%)
8212 (4.3%)

79 086 (41.6%)
36 178 (19.0%)
74 963 (39.4%)

92 985 (48.9%)
79 921 (42.0%)

5179 (2.7%)
10 840 (5.7%)
1302 (0.7%)

175 504 (92.3%)
892 (0.5%)
10 783 (5.7%)
1760 (0.9%)
325 (0.2%)
963 (0.5%)

175 140 (92.1%)
15087 (7.9%)

114 305 (60.1%)
61272 (32.2%)
12278 (6.5%)

1901 (1.0%)
471 (0.2%)

3036 (1.6%)
9272 (4.9%)
177 919 (93.5%)

91 365 (48.0%)
98 862 (52.0%)

39.2 (12.7)
38.0 [16.0, 74.0]

0.314 (0.282)
0.239 [0.00002,
2.00]

158 613 (84.4%)
29413 (15.6%)

166 403 (88.5%)
21623 (11.5%)

174 196 (92.6%)
13 830 (7.4%)

81411 (43.3%)
41513 (22.1%)
65102 (34.6%)

94 113 (50.1%)
68 769 (36.6%)

6750 (3.6%)
15133 (8.0%)
3261 (1.7%)

177 608 (94.5%)
1092 (0.6%)
7105 (3.8%)
1446 (0.8%)
305 (0.2%)
470 (0.3%)

166 764 (88.7%)
21262 (11.3%)

116 761 (62.1%)
58213 (31.0%)
11 106 (5.9%)

1604 (0.9%)
342 (0.2%)

2843 (1.5%)
9784 (5.2%)
175 399 (93.3%)

89 231 (47.5%)
98 795 (52.5%)

38.4 (12.7)
37.0 [16.0, 74.0]

0.316 (0.282)
0.241 [0.00002,
2.00]
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Table 2. Results of biprobit models estimating the average treatment effect of cycle commuting on each outcome

Data Number Outcome Estimate (95% CI)

Male and female 378253 Antidepressant and/or anxiolytic -15.1 (-15.3,-15.0)
prescriptions

Male and female 378253 Antidepressant prescriptions -11.8 (-11.9,-11.7)

Male and female 378253 Anxiolytic prescriptions -8.6 (-9.3,-8.0)

Female 188 026 Antidepressant and/or anxiolytic -17.1 (-17.4,-16.8)
prescriptions

Male 190 227 Antidepressant and/or anxiolytic -13.2 (-13.3,-13.0)
prescriptions

Female 188 026 Antidepressant prescriptions -13.1 (-13.3,-12.8)

Male 190227 Antidepressant prescriptions -9.5 (-12.5,-6.6)

Female 188 026 Anxiolytic prescriptions -8.9(-9.5,-8.2)

Male 190 227 Anxiolytic prescriptions -8.4 (-9.5,-7.3)

Male and female 378253 Antipsychotics pre-census 0.000 (-0.003, 0.001)

Male and female 314 153 Antidepressant and/or anxiolytic -14.9 (-16.0,-13.8)

prescriptions—walkers removed

health, whether they have a disability and whether a carer or
not, we estimated a reduction in the relative odds of having a
prescription of —13.4% (CI: -18.9% to -7.7%) for cycle
commuters. This is distinct from the average treatment effects
estimated using the biprobit models and therefore they are
not directly comparable, although the direction and signifi-
cance of the estimates are in agreement.

Discussion

We found that cycling to work was causally associated with a
decreased likelihood of having a prescription for antidepres-
sants and/or anxiolytics in the 5 years following the point of
travel measurement compared with those who used any other
mode of commute. The size of the effect of cycle commuting
on both anxiolytic and antidepressant prescriptions was
greater for females than for males and greater amongst those
who had antidepressant prescriptions compared with those
who had anxiolytic prescriptions. These results and accompa-
nying sensitivity analyses support existing research that
found associations between cycle commuting and several
other health domains."'?

This is the first study to use distance from place of resi-
dence to nearest cycle path as an instrumental variable. The
combination of the IV approach with the use of linked ad-
ministrative data strengthens our conclusions as it allows a
quasi-experimental design and full coverage of our popula-
tion of interest (i.e. those in employment living in Glasgow
City and City of Edinburgh council areas, aged 16-74 years
on census night who were in employment and commuted to
their place of work), respectively. By using both administra-
tive data and the IV approach, we have mitigated the
common shortcomings of previous studies including non-
representative populations, omitted-variable bias and the lim-
itations of subjective mental health measures. We also look at
cycling separately to walking, which ensures that we are
estimating the cycling-specific effects alone.

We rely on prescription data to measure mental ill-health
as we did not have data on diagnosis for depression and anxi-
ety; as such, our results may be influenced by the barriers to
and stigma of accessing mental health treatment across differ-
ent groups.®® Although this provided us with an objective
measure, some of the medications of interest are also used for
other conditions. To mitigate this as much as possible, we re-
moved cases based on prescribed doses likely due to

conditions other than depression and anxiety. Due to the
probabilistic linkage of the administrative data sets used in
this work, there will be some individuals whose data could
not be linked and some groups may be more poorly linked
than others; we have no reason to believe that linkage rates
will be different between the exposed and unexposed groups,
and linkage rates were high at 95+ %.

We were unable to account for differences between general
practitioners and their propensity to prescribe antidepres-
sants and anxiolytics to treat depression and anxiety or diag-
noses of depression and anxiety that were not subsequently
treated with medication. These factors combined may mean
that our total cases are lower than in reality, although the
prevalence we report is <2%age points lower for women and
<4%age points lower for women compared with those
reported by the Scottish Public Health Observatory based on
the Scottish Health Survey, as would be expected in this
employed population.>® Additionally, Scottish prescription
data are of high quality and are routinely collected and qual-
ity checked by NHS Scotland.?” It is unlikely that general
practitioner prescribing practice will be associated with the
patient’s home—cycle path distance, so it does not seem likely
that this will have biased our analysis.

In order to capture the occurrence rather than recurrence
of anxiety or depression, we excluded those who had relevant
prescriptions for mental ill-health up to and including the
month in which the census was held. As the PIS database
only includes prescriptions from 2009 onwards, there will be
some people who had prescriptions previous to this who will
be captured as an occurrence rather than being omitted due
to being a recurrence.

We do not have details of the frequency with which com-
muters use a bicycle to travel to work. We assume that the
mode of commute a person reports in the census is the mode
they usually use for their commute; however, the census does
not capture whether a person uses more than one mode
of commute, nor whether they commute only on certain days
(e.g. part-time or hybrid working). For this reason, it is im-
portant to acknowledge that this research concerns the main
mode of commute as (self-)reported at the census held in late
March 2011, the timing of which may have influenced
responses to the question regarding the commute mode.

There are several untestable assumptions that are necessary
to use IV analysis. We use a negative control outcome analy-
sis*” to evaluate whether our analysis is consistent with these
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assumptions and find support that distance to cycle path
from place of residence is a relevant and strong IV. We also
assume that distance from place of residence to nearest cycle
path is random; we think this is an acceptable assumption.
There are many factors that influence where a person chooses
to live*” and, although being close to a cycle path may be one
of those factors, we do not think it would override factors
such as house price, type of housing stock available, local
amenities or being close to friends and family. Cycle routes
were being extended and added to in Glasgow and
Edinburgh during the likely period of ownership/tenancy of
our patients so for many, at the time of moving to a new resi-
dence, knowledge of the proximity of a future cycle path was
impossible. Additionally, the cycle path data for Glasgow
came from 2014 so some paths may be different from those
present when the commute mode was recorded in the census.

The daily commute mode is influenced by a number of fac-
tors, such as weather,*® season, built environment, topogra-
phy and meteorology. In this case, Edinburgh and Glasgow
are different topographically and meteorologically, with
Glasgow being the hillier and wetter of the two. A previous
study has concluded that distance is probably the most im-
portant of these factors.>® It has been postulated that im-
proved bicycle infrastructure will encourage cycling.”” An
audit of bicycle infrastructure that featured Edinburgh as one
of its six case study cities awarded Edinburgh the lowest bicy-
cle infrastructure scores and reported the lowest governmen-
tal spend per person on cycling provision.** The audit also
makes recommendations for the considerations that should
be made when designing bicycle infrastructure.

It is estimated that the annual health economic benefit of cy-
cle commuting in Scotland at the 2011 census was EUR
79.8million.*! In terms of public health, the workplace can be
an important setting in which to promote and protect mental
health, and should be seen as an investment to employers rather
than a cost.'” Recommendations for the organizational-level
promotion of cycle commuting is beyond the scope of this arti-
cle; however, recent work maps a broad range of actions that
might be feasibly introduced and evaluated by employers (and
others).** Interventions should avoid widening health inequal-
ities; it has been recognized elsewhere that cycling is gender and
age unequal, and that increasing the number of cyclists will not
automatically increase their diversity.*> A recent natural experi-
mental study also concluded that the physical environment was
more important for levels of cycling amongst men whilst the so-
cial environment was more complexly associated with cycling
levels amongst women.”

We acknowledge that our study focuses on the population
of commuters and that this population will be systematically
different from the population not in work; therefore, our
findings may not apply to those who are unemployed.
Amongst the employed population, we recognize that not ev-
eryone would be able to cycle to work. However, there are
many commuters for whom cycling would be an option and
yet they choose to use another mode.*® There are a lot of
commuters who travel <5km using motorized transport’**
that could be replaced by bicycle commutes. Our analysis has
focused on two large cities; however, in rural areas (or for
longer commutes starting or ending in cities), interventions
could focus on public transport and links that include e-bikes
and on-bus and on-train bicycle transport. Cycling to work
could be a valuable way for individuals to attain recom-
mended levels of physical activity.'?

These findings could contribute support for increased in-
vestment in cycling infrastructure as there is evidence that in-
creasing cycling infrastructure increases cycle commuting
uptake.*** As well as the potential to improve mental
health, this would reduce carbon emissions, congestion and
air pollution when commuters move from non-active to ac-
tive modes of travel as well as increase physical activity and
create more liveable cities.*® Not all costs of mental health
conditions are avoidable; however, interventions that could
reduce or prevent a small fraction of them could be highly
cost-effective. '’
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