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Police killings and their spillover effects on the mental health
of black Americans: a population-based, quasi-experimental
study

Jacob Bor*, Atheendar S Venkataramani*, David R Williams, Alexander C Tsai

Summary
Background Police kill more than 300 black Americans—at least a quarter of them unarmed—each year in the USA.
These events might have spillover effects on the mental health of people not directly affected.

Methods In this population-based, quasi-experimental study, we combined novel data on police killings with
individual-level data from the nationally representative 2013-15 US Behavioral Risk Factor Surveillance System
(BRFSS) to estimate the causal impact of police killings of unarmed black Americans on self-reported mental health
of other black American adults in the US general population. The primary exposure was the number of police killings
of unarmed black Americans occurring in the 3 months prior to the BRFSS interview within the same state. The
primary outcome was the number of days in the previous month in which the respondent’s mental health was
reported as “not good”. We estimated difference-in-differences regression models—adjusting for state-month, month-
year, and interview-day fixed effects, as well as age, sex, and educational attainment. We additionally assessed the
timing of effects, the specificity of the effects to black Americans, and the robustness of our findings.

Findings 38993 (weighted sample share 49%) of 103 710 black American respondents were exposed to one or more
police killings of unarmed black Americans in their state of residence in the 3 months prior to the survey. Each
additional police killing of an unarmed black American was associated with 0-14 additional poor mental health days
(95% CI 0-07-0-22; p=0-00047) among black American respondents. The largest effects on mental health occurred
in the 1-2 months after exposure, with no significant effects estimated for respondents interviewed before police
killings (falsification test). Mental health impacts were not observed among white respondents and resulted only
from police killings of unarmed black Americans (not unarmed white Americans or armed black Americans).

Interpretation Police killings of unarmed black Americans have adverse effects on mental health among black
American adults in the general population. Programmes should be implemented to decrease the frequency of police
killings and to mitigate adverse mental health effects within communities when such killings do occur.

Funding Robert Wood Johnson Foundation and National Institutes of Health.

Copyright © 2018 Elsevier Ltd. All rights reserved.

Introduction self-regard,” increased fear of victimisation and greater

Public awareness of police killings of unarmed black
Americans has been galvanised by the high-profile
deaths of Oscar Grant, Michael Brown, Eric Garner,
Walter Scott, Freddie Gray, and Stephon Clark, among
others. Black Americans are nearly three times more
likely than are white Americans to be killed by police—
accounting for more than 40% of victims of all police
killings nationwide—and five times more likely than are
white Americans to be killed unarmed.*

Beyond the immediate consequences for victims and
their families, police killings might also affect the mental
health of people not directly connected to the killings or
to the people involved. Racism, like trauma, can be
experienced vicariously.** Police killings of unarmed
black Americans might compromise mental health
among other black Americans through various mech-
anisms, including heightened perceptions of systemic
racism and lack of fairness,® loss of social status and

mortality expectations,® increased vigilance,” diminished
trust in social institutions,” reactions of anger, activation
of prior traumas, and communal bereavement."

A large literature has shown associations between
racism and health outcomes,*?® emphasising the
pathogenic roles of discrimination and differential access
to socioeconomic opportunities.* However, a causal link
between racism and health outcomes has been difficult
to show. Police killings of unarmed black Americans
have been interpreted by many as an expression of
“structural racism”,”" defined by Bailey and colleagues
as “the ways in which societies foster [racial]
discrimination, via mutually reinforcing [inequitable]
systems that in turn reinforce discriminatory beliefs,
values, and distribution of resources”.* Police violence
disproportionately wielded against black Americans has
been linked in part to the ways officers are trained,
methods of identifying and engaging suspects, and
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For the MPV database see
https://mappingpoliceviolence.
org

For the BFRSS see https://www.
cdc.gov/BRFSS/

Research in context

Evidence before this study

Mortality related to police use of force is far more prevalent
than official statistics suggest, and there have been several
recent efforts to quantify and characterise this mortality
burden. Black Americans are nearly three times more likely than
are white Americans to be killed by police, with the disparity
even larger for individuals who are unarmed.

Little is known about the spillover effect of police killings of
unarmed black Americans on the mental health of other black
Americans in the general population. We searched PubMed for
articles published up to Nov 10, 2017, with the search terms
“police” AND (“violence” OR “killing” OR “brutality” OR “use of
force”) AND (“mental health” OR “psychological” OR “health”
OR “depression” OR “anxiety”) AND (“black” OR “African
American” OR "black American”). This search returned

104 articles of which three reported on mental health spillover
effects of police violence. Yimgang and colleagues found
elevated depressive symptoms among black mothers in
Baltimore (MD, USA) following Freddie Gray's death while in
police custody. Jackson and colleagues reported a strong
correlation between anticipation of negative encounters
between black youth and police and heightened depressive
symptoms in a sample of pregnant black women in Atlanta
(GA, USA). Galovski and colleagues identified high rates of
depression in the wake of Michael Brown'’s death in Ferguson

uneven enforcement and punishment.®” Negative
interactions with police have been associated with worse
mental health among black men.” Descriptive studies
suggest an elevated prevalence of depression and post-
traumatic stress disorder among black Americans living
in communities where specific police killings of unarmed
black Americans have occurred.”* Anecdotal evidence
from traditional and social media suggests adverse
mental health impacts in the wake of these events.
However, the population-level health impacts of police
killings have not been quantified in nationally
representative data.

Our study aims to fill this gap. We estimated the impact
of police killings of unarmed black Americans on self-
reported mental health of black American adults in the
US general population. We used newly released data on
police killings combined with nationally representative
survey data from 2013 to 2015. We employed a quasi-
experimental design that leveraged state and temporal
variation in police killings of unarmed black Americans
to estimate causal effects.

Methods

Data sources and measures

We obtained data on respondents from the US Behavioral
Risk Factor Surveillance System (BRFSS), a nationally
representative, telephone-based, random digit dial survey
of non-institutionalised adults aged 18 years and older. We

(MO, USA). Geller and colleagues found a link between
aggressive policing practices such as stop-and-frisk and the
mental health of black men. To date, no study has assessed this
relationship in a national, population-representative sample.

Added value of this study

Combining recently compiled, validated data on police killings
with national, population-representative data from the
Behavioral Risk Factor Surveillance System (2013-15), we
assessed the spillover effect of police killings of unarmed black
Americans on the mental health of other black American adults
living in the same state. We found that the number of poor
mental health days increased by 0-14 days (95% Cl 0-07-0-22)
for each police killing in the previous 3 months. We found no
effect on the mental health of white respondents and no effects
of police killings of unarmed white Americans or armed black
Americans. At a population level, police killings of unarmed black
Americans might cause 55 million excess poor mental health
days peryear among black American adults in the USA.

Implications of all the available evidence

Police killings of unarmed black Americans have significant
effects on the mental health of other black Americans in the
general population. Interventions are needed to reduce the
prevalence of these killings and to support the mental health of
communities affected when they do occur.

used self-reported race to identify black American
respondents. We also extracted information on respondent
sex, age, and educational attainment. We used the 2013-15
BRFSS to match available data on the timing of police
killings. We note that some respondents in the 2015
BRFSS sample were in fact interviewed in early 2016.

Data on police killings were obtained from the Mapping
Police Violence (MPV) database, which has tracked police
killings in the USA since 2013.? The MPV database draws
from several media and crowd-sourced databases for police
killings, which helps to address concerns about under-
reporting in government statistics.” Suspected killings are
cross-checked against police and criminal records, social
media, and obituaries. The database includes information
on age, race, and sex of the victim; whether the victim was
armed (with any weapon that could be used to harm or kill
others); and location of the killing. We used data from the
MPV database up to and including 2016 to better quantify
the numbers of police killings occurring both before and
after the BRFSS interview dates.

Exposures

The primary exposure was the number of police killings
of unarmed black Americans occurring in the 3 months
prior to the exact date of the BRFSS interview in the
same state. BRFSS respondents were defined as exposed
on the basis of their state of residence and the interview
date. Thus, this exposure definition combines a range of
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potential exposure mechanisms including word of
mouth and stories in print, radio, television, and social
media. State of residence was used to define the exposure
for several reasons. First, it is the smallest geographical
area identified in the public-use BRFSS data files.
Second, Google search frequencies of victims' names
from recent high-profile police killings of unarmed black
Americans suggest that these events have their greatest
salience in the state media markets in which they occur
(appendix p 4). Third, existing literature shows a strong
relationship between state-level measures of racism and
police killings of unarmed black Americans. Fourth,
police killings might be seen to reflect local police-
community relationships and state legal environments.
Behavioural responses to police violence correlate
strongly with locally reported cases.”

We also constructed a binary exposure variable equal to
one if there had been one or more police killings of
unarmed black Americans in the same state during the
3 months prior to the BRFSS interview (vs none). Finally,
to more precisely elucidate the timing of the effects on
mental health, we defined a series of exposure variables
representing the number of police killings of unarmed
black Americans in the same state in each of the
6 months preceding and after the BRFSS interview date.

Outcomes

The primary outcome was the number of days in the
previous month in which the respondent’s mental health
was reported as “not good”. The specific question from the
BFRSS used to measure respondents’ mental health was
worded as follows: “Now thinking about your mental
health, which includes stress, depression, and problems
with emotions, for how many days during the past 30 days
was your mental health not good?” This survey item has
been shown to have a high degree of internal validity,
construct validity, criterion-related validity, and test-retest
reliability, and is widely used to monitor trends in
population mental morbidity.” We also considered two
secondary outcomes: whether or not an individual
reported at least 1 day of poor mental health (vs none) and
whether or not an individual reported 14 or more days of
poor mental health (vs less than 14 days) in the prior
month. The latter measure has been widely used to
quantify the population prevalence of frequent mental
distress because it correlates with severe mental health
conditions.”

Statistical analysis

To estimate the effect of police killings of unarmed black
Americans on self-reported mental health in the general
population of black American adults, we fit difference-in-
differences multivariable regression models specifying
the number of poor mental health days as the outcome
variable and the number of police killings of unarmed
black Americans in the 3 months prior to interview
as the primary exposure of interest. We estimated

least-squares regression models for the primary outcome
and report regression coefficients, which are interpretable
as rate differences. We also estimated robust Poisson
models for the primary and secondary outcomes, with
the exponentiated regression coefficients interpretable as
relative rates and risks,” respectively. In all models, we
adjusted for year-month fixed effects to account for
national secular trends in the outcome; state-month
fixed effects to account for time-invariant state-level
confounders and state-specific seasonality in mental
health; day-of-week fixed effects; and individual-level age
group (ranging from 18-24 years to 80 years and older in
5-year intervals), sex, and level of education fixed effects.
We also estimated models replacing the 3-month
exposure variable with the binary measure of any police
killing of an unarmed black American in the past
3 months. Further details on our methods are provided
in the appendix (pp 2-3).

Our models compare the mental health of black
Americans surveyed after a police killing of an unarmed
black American in the same state with the mental health
of black Americans residing in the same state but
surveyed before that event or more than 3 months after
the event, adjusting for state-specific seasonal patterns in
mental health and for temporal trends in mental health
of black Americans living in other states. The causal
identifying assumptions in our strategy are (1) no
endogenous selection into the sample—ie, the timing of
the BRFSS interview and participation in the interview
were random relative to the timing of police killings,
an assumption supported by the random-digit-dial
approach to sampling and by our investigation of
differential participation following police killings; and
(2) unconfoundedness—ie, police killings did not
coincide with other factors that could influence mental
health. After including state-month and year-month fixed
effects, the only unobserved confounders that could
remain would be factors that varied at the state-year-
month level and whose timing was correlated with police
killings and mental health in ways that deviated
from normal state-specific seasonal patterns. The
unconfoundedness assumption is supported by the
quasi-random timing of specific police killings. To the
extent that these assumptions are satisfied—which we
explored in several sensitivity analyses—our estimates
can be interpreted as causal effects.”

We note that our analysis defines as exposed any
person living in the state where the police killing
occurred, including some people who might not have
been substantively exposed to the police killing (or even
aware of it). Our causal estimates therefore have an
intention-to-treat interpretation, similar to a randomised
trial with non-compliance to treatment assignment.
Our models capture the aggregate population-level
effect, but probably underestimate the effect of police
killings on the mental health of subpopulations most
directly exposed.
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Characteristics

Black American

White American

Primary outcome*

Days of poor mental health 4-1(8-4,0-30)
Secondary outcomes*
Any poor mental health days 37858 (35%)
Frequent mental distresst 12714 (13%)
Exposuref
Number of police killings of unarmed black 1.0(1:3,0-7)
Americans
Any police killings of unarmed black 38993 (49%)
Americans
Covariates
Sex
Female 67683 (54%)
Male 36027 (46%)
Age group§
18-34 years 18093 (33%)
35-64 years 56640 (52%)
=65 years 27705 (14%)
Completed college or above 56341 (51%)

Victim reported as unarmed

Total 303 330
Age, years 324 (11-6) 382 (15-4)
Gender
Female 25 (8%) 44 (13%)
Male 278 (92%) 286 (87%)
Victim reported as armed
Total 753 1426
Age, years 321 (12-1) 40-2 (13-8)
Gender*
Female 24 (3%) 79 (5%)
Male 729 (97%) 1346 (94%)

Data are n, n (%), and mean (SD). Data were accessed on May 5, 2017. There were
4358 total police killings from Jan 1, 2013, to Oct 3, 2016; of these, 3116 were of
white or black Americans. Data presented here exclude police killings of victims

whose armed status was unknown. MPV=Mapping Police Violence. *There was
one police killing of an allegedly armed transgender victim who was white.

Table 2: Police killings in the MPV database, 2013-16

Data are n (%) or mean (SD, range), where the absolute number (n) refers to the
actual number of observations and the percentages refer to the weighted estimates
calculated using the BRFSS survey weights. All outcomes were assessed on the

103 710 black American respondents in the 2013-15 US BRFSS. For binary variables
(both secondary outcomes, any police killings of unarmed black Americans, sex, age
group, and college completion), percentages reflect the sample proportions
computed using BRFSS sampling weights. BRFSS=Behavioral Risk Factor
Surveillance System. *Outcomes are measured in the 30 days before the interview
date. 114 or more days of poor mental health. $All exposures are in the 3 months
prior to interview date in the same state as the respondent. §1272 (1%) respondents
were categorised as not responding or answered “don’t know”.

Table 1: Descriptive statistics for black Americans in the 2013-15 BRFSS

All models were estimated using standard BRFSS
survey weights to account for survey design and
differential non-response. The overall response rate of the
BRFSS ranges between 40% and 45% each year, which is
comparable to, if not higher than, other large population-
representative telephone surveys in the USA. We
computed heteroscedasticity-robust SEs corrected for
clustering at the state level. Clustered SEs adjust for
spatial and temporal error correlation among respondents
within the same state. We also calculated alternate SEs and
p values using the wild cluster bootstrap-t method, which
addresses the potential for over-rejection of the null
hypothesis when the number of cluster units is small.*

We conducted four sensitivity analyses to assess
the assumptions needed to infer causality in our
model. First, to investigate the possibility of residual
confounding, we estimated models replacing the
3-month exposure variable with 12 count variables
denoting exposures in each of the 6 months before
and after interview. This model allows a prespecified
falsification test: if there were unobserved confounders
at the state-year-month level, then we would expect the
changes in mental health to sometimes precede the
actual killing of an unarmed black American, given that

there is randomness in the specific timing of these
events. Second, we estimated models that additionally
included state-year fixed effects or census division-
month-year fixed effects (census divisions represent
nine geographical regions accounting for the 50 US
states). These additional models adjusted for
state-specific year-on-year secular trends (eg, worsening
crime) and regional shocks (eg, time-limited weather
events), respectively, ruling out additional classes of
potential confounders. Third, to assess the potential for
bias due to non-random participation in BRFSS
as a function of exposure to police killings, we re-fit
the regression models specifying individual-level
demographic characteristics (respondent sex, age, and
educational attainment) as the dependent variables.
Fourth, we estimated models that additionally included
a measure of participant income (which was reported by
only 85% of participants).

To assess the specificity of our findings to black
Americans, we estimated the effects of police killings of
unarmed black Americans on the mental health of
white respondents. We also estimated the effects of
police killings of armed black Americans and unarmed
white Americans on the mental health of both black and
white respondents. These analyses help to elucidate the
mechanisms accounting for our findings. If police
killings of unarmed black Americans affected the
mental health of other black Americans through
heightened perceptions of structural racism, activation
of prior traumas, or through racial identification with
the deceased, then we would expect no effect on the
mental health of white Americans, nor in any of the
cross-race analyses. By contrast, if police killings of
unarmed white or black Americans were broadly
interpreted as signals of general threats to personal
safety, we would expect meaningful cross-race effects of
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Primary outcome

Secondary outcomes

Poor mental health days
(OLS, rate difference)

Poor mental health days
(Poisson, rate ratio)

Any poor mental health days
(Poisson, risk ratio)

Frequent mental distress*
(Poisson, risk ratio)

Number of police killings of unarmed
black Americanst

0-14 (0-07-0-22)

p value 0-00047
<0-0001

0-35 (0-03-0-67)

Wild cluster bootstrap-t p valuet

Any police killings of unarmed black
Americans (vs none)t

0-032
<0-0001

p value

Wild cluster bootstrap-t p value

1.033 (1-016-1-051)

0-00011
<0-0001
1.087 (1-006-1:174)

0-035
<0-0001

Data are regression estimates (95% Cl). All outcomes were assessed on the 103 710 black American respondents in the 2013-15 US Behavioral Risk Factor Surveillance
System. Separate regressions were done for the two exposures (number of killings and any killings); additionally, each column represents a separate regression. 95% Cls are
corrected for clustering at the state level. All models were adjusted for respondent sex, age group, and level of education; and state-survey month, survey year-survey
month, and survey day of week fixed effects. OLS=ordinary least squares. *Defined as 14 days or more of poor mental in the past 30 days. tExposures are measured in the
30 days before the interview date. $Wild cluster bootstrap-t p values account for potential underestimates of SEs when the number of clusters is small. These were
estimated on least-squares (ie, linear probability model) versions of the models listed because they cannot be applied to non-linear estimators (eg, Poisson).

1.022 (1-008-1-036) 1.036 (1-007-1-068)

0-0018
<0-0001
1.055 (1-007-1-106)

0-016
<0-0001
1106 (0-986-1-240)

0-085
0-039

0-024
<0-0001

Table 3: Exposure to police killings of unarmed black Americans and poor mental health days among black Americans: regression estimates

these exposures. Although police killings of armed
victims could affect mental health via communal
bereavement, these killings are less likely to be perceived
as unjustified and we expected little effect on mental
health. We did not ex ante specify models examining the
consequences of police killings of armed white
Americans because our intent was to assess the
sensitivity of our findings to changes in the race or
armed status of the victim, holding fixed at least one
of these attributes. These specifications provide the
sharpest, most stringent test of whether killings
of black, unarmed victims have specific salience to
health outcomes.

Finally, we conducted two additional analyses to guide
interpretation of the results. First, we estimated models
differentiating between exposure to one police killing
versus exposure to two or more. These models help to
distinguish between threshold-related versus dose-
related consequences of these events. Second, we used
subgroup analyses to investigate whether the estimated
mental health impacts were confined to a particular
subset of black Americans. We stratified the estimates
by sex (male or female), age (18-34 years, 35—49 years,
50—64 years, or 65 years and older), education (less than
high school, high school graduate, or at least some
college), and household income (above and below the
sample median: <US$35000 or =$35000), and tested
the null hypotheses that the estimated effects were the
same in each subgroup. Unlike our primary
specifications, these analyses were not based on a-priori
hypotheses and therefore should be regarded as
hypothesis-generating exercises. Statistical power to
detect meaningful differences across subgroups was
limited by sample size.

Data sharing
Replication data and code for our models are available
from Harvard Dataverse.

Role of the funding source

The funders had no role in the design and conduct of the
study; collection, management, analysis, and interpretation
of the data; preparation, review, or approval of the
manuscript; and decision to submit the manuscript for
publication. The corresponding author had full access to
all the data in the study and had final responsibility for the
decision to submit for publication.

Results

Our final sample included 103710 black Americans
interviewed in the 2013-15 BRFSS, whose mean age was
44-9 years (SD 17- 3). After accounting for BRFSS sample
weights, approximately half of respondents were women,
and half had completed university (table 1). Respondents
experienced on average 4-1 days of poor mental health in
the month prior to interview; only 2348 (2-42%) survey
respondents, who were excluded from the final sample,
responded “don’t know” or did not answer this question.
38993 (weighted sample share 49%) respondents were
interviewed 0-3 months after at least one police killing
of an unarmed black American in the same state.
Respondents were exposed to an average of one police
killing of an unarmed black American (range 0-7) in the
3 months prior to interview, or four killings per year
(table 1). A map of police killings of unarmed black
Americans by state during the study period is shown in
the appendix (p 5), with descriptive statistics of the
victims in table 2.

For the primary outcome, each additional police killing
of an unarmed black American in the respondent’s state
of residence in the 3 months prior to interview was
associated with a 0-14 day (95% CI 0-067-0-22;
p=0-00047) increase in the number of poor mental health
days, representing a relative increase of 3-3% (1-6-5-1;
p=0-00011) at the population level (table 3). Exposure to
one or more police killings was associated with a 0- 35 day
(0-03-0-67; p=0-032) increase in poor mental health days.

www.thelancet.com Published online June 21,2018 http://dx.doi.org/10.1016/50140-6736(18)31130-9

For the replication data and
code see https://doi.
0rg/10.7910/DVN/VGYIOE


https://doi.org/10.7910/DVN/VGYI0E
https://doi.org/10.7910/DVN/VGYI0E
https://doi.org/10.7910/DVN/VGYI0E

Articles

0-4]

024

0.2

Change in number of poor mental health days

Falsification test

T T T
2 0 2 4

Months since police killing

o

Figure 1: Changes in the number of poor mental health days in the 6 months before and after exposure to
police killings of unarmed black Americans

The figure displays coefficients for the association between the number of police killings of unarmed black
Americans (in the same state as the respondents) and the mental health of black respondents 6 months on
either side of the shooting. Vertical bars indicate 95% Cls. Estimates in the shaded region represent the impacts
of a police killing on mental health outcomes assessed within the 6 months before the police killing event

(ie, falsification test).

Police killing exposure type and BRFSS population group
Victim: unarmed black Americans
Mental health of black Americans*

Number of killings*

Any killings*

Mental health of white Americans

Number of killings

Any killings

Victim: armed black Americans
Mental health of black Americans

Number of killings

Any killings

Mental health of white Americans

Number of killings

Any killings

Victim: unarmed white Americans
Mental health of black Americans

Number of killings

Any killings

Mental health of white Americans

Number of killings

Any killings

—0I<6 —0!4 —0I~2 0 0!2 0!4 0-6

Change in poor mental health days

Figure 2: Changes in poor mental health days associated with exposure to police killings by race of police
killing victim, whether the victim was armed, and race of the BRFSS respondent

Each estimate in this figure is derived from a separate regression. See appendix for full estimates. BRFSS=Behavioral
Risk Factor Surveillance System.*Primary analysis.

Exposure to police killings was associated with significant
increases in both secondary outcomes (table 3).

With respect to the timing of effects, increases in the
primary outcome were observed in the 2 months after

exposures to police killings of unarmed black Americans
(figure 1). The largest estimate corresponds to police
killings that occurred 30-60 days prior to the interview:
each additional police killing during this time window
was associated with 0-23 more days of poor mental
health (95% CI 0-05 to 0-41; p=0-014). Within the first
month after a killing (during which, on average, only
half of the 30-day recall period occurred after the
exposure), respondents reported 0-10 additional days
(—0-06 to 0-26; p=0-20) of poor mental health per each
additional killing. There were neither substantively nor
statistically significant associations between police
killings of unarmed black Americans and the mental
health of black respondents interviewed 3-6 months
after the police killing, nor with the mental health of the
respondents interviewed in the 6 months prior to the
police killing (falsification test; figure 1).

The findings were unchanged with further adjustment
for income, state-year fixed effects, or census division-
month-year fixed effects (appendix p 6). We found no
evidence of differential selection into the sample by
exposure to police killings (appendix p 7). Coefficient
estimates were similar in magnitude for exposure to one
police killing versus two or more (appendix p 8).

In subgroup analyses, point estimates were similar
across sex and income groups. Larger associations were
estimated for individuals aged 50-65 years and for those
with less than high school education, but differences
across age and education subgroups were not statistically
significant (appendix p 9).

When examining the mechanisms u