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Background—Exposure to the natural environment may improve health behaviors and mental
health outcomes such as increased levels of physical activity and lower levels of depression
associated with sleep quality. Little is known about the relationship between insufficient sleep and
the natural environment.

Purpose—To determine whether exposure to attributes of the natural environment (e.g.,
greenspace) attenuates the likelihood of reporting insufficient sleep among US adults.

Methods—Multiple logistic regression models were used to explore the association between self-
reported days of insufficient sleep (in the past 30 days) and access to the natural environment in a
multi-ethnic, nationally representative sample (n=255,171) of US adults =18 years of age enrolled
in the 2010 Behavioral Risk Factor Surveillance System.

Results—Using 1-to-6 days of insufficient sleep as the referent group for all analyses, lower
odds of exposure to natural amenities were observed for individuals reporting 21-to-29 days
(OR=0.843, 95% Confidence Interval (Cl) = 0.747, 0.951) of insufficient sleep. In stratified
analyses, statistically significant lower odds of exposure to natural amenities was found among
men reporting7-to-13-days (OR = 0.911, 95% CI = 0.857, 0.968), 21-to-29-days (OR=0.838, 95%
Cl=0.759, 0.924), and 30-days (OR=0.860, 95%CI1=0.784, 0.943) of insufficient sleep. Greenspace
access was also protective against insufficient sleep for men and individuals aged 65+.

Conclusions—In a representative sample of US adults, access to the natural environment
attenuated the likelihood of reporting insufficient sleep, particularly among men. Additional
studies are needed to examine the impact of natural environment exposure on sleep insufficiency
across various socio-demographic groups.

Introduction

Adequate sleep has been touted as a critical component of optimal health.! Individuals
attaining adequate or sufficient sleep have been shown to have better cardio-metabolic
profiles,23 functional capacity,* lower risk of overweight or obesity and death,>" compared
to individuals experiencing inadequate or insufficient sleep. In spite of the well-documented
benefits of adequate sleep for overall health, many US adults do not meet the recommended
7-8 hours of sleep at night.8 Several population-based studies indicate approximately 40%
of US adults sleep less than 7 hours daily.?10 In addition to sleep disorders,! socio-
environmental and lifestyle factors such as living in an impoverished neighborhood,11:12
shift work,131 lower physical activity levels,14 and depression are associated with curtailed
sleep.!

One environmental factor that has received less attention in sleep studies is exposure to the
natural environment or “natural amenities” - the “physical characteristics of an area that may
enhance the location as a place to live.”1> Specific features of an area that may improve
health behaviors and mental health outcomes related to sleep duration and quality include
access to greenspace, oceanfront or other bodies of water (blue space), as well as sunlight
exposure, and temperature. Greater accessibility to green landscapes has been associated
with higher levels of physical activity,16:17 which correlates to beneficial sleep patterns.18.19
Access to greenspace has also been shown to confer benefits for mental health,20 including
improving cognitive function and reducing anxiety disorders that may result in insufficient
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Methods

sleep.21-24 Among others, environmental factors such as light and thermal environments, as
well as access to water, play a pivotal role in shaping human sleep.

Turning to specific aspects of the natural environment, Wheeler et al., (2012) found a
gradient of increasing self-reported “good” health with increasing residential proximity to
the coast in England.2 Since sleep is considered one of the pillars of good health,28 residing
in areas with easy access to oceanfront or bodies of water may support good sleep habits.
Alternatively, access to water may enhance health because it increases physical activity.

The thermal environment, which is important for setting our sleep/wake cycles,?’ is
influenced by ambient temperature.28 Exposure to extremes of the temperature spectrum that
is not habitual where the body has an opportunity to adjust, disrupts various stages of rapid
eye movement and slow wave sleep cycles, in addition to changes in heart rate.282° Humid
conditions, in particular, increase the propensity for wakefulness,3° potentially placing
individuals who live in areas with higher temperatures at increased risk for insufficient sleep.

Light is the pervasive and prominent zeitgeber (time giver) to resetting biological
rhythms.31-34 Light also plays a critical role in modulating sleep patterns and mood.32:36
Several studies have shown that infants exposed to more natural light during the day sleep
better at night, and influences the sleep-wake cycle in adulthood as well.3738 At the other
end of the life course, elderly individuals are more likely to have sleep disorders due to
limited exposure to daytime light.3940 Additionally, the influence of light exposure on mood
is also evident among individuals with seasonal affective disorder, where lower exposure to
light during winter months may reduce the production of melatonin via the pineal gland.#1:42
Notably, high exposure to light at night due to shift work may result in adverse health
outcomes such as certain forms of cancer, possibly due to the reduction in the secretion of
melatonin.3 Thus, exposure to light during daily periods that may not be optimal for the
sleep-wake cycle can result in circadian misalignment and increase the risk of sleep
disturbances and other adverse health outcomes.

Although various aspects of the natural environment have been shown to influence sleep
patterns, few studies have examined these relationships in large population-based samples in
the United States. The purpose of this study was to investigate the relationship between
exposure to various attributes of the natural environment and s/eep insufficiency. \We
hypothesize that individuals with higher exposure to positive attributes of the natural
environment will be less likely to report insufficient sleep.

The primary data source for this study was derived from the 2010 Behavioral Risk Factor
Surveillance System (BRFSS), a yearly, randomized telephone survey of behavioral risk
factors among US adults =18 years of age.** A multi-ethnic nationally representative sample
of adults (one per household) are sampled from all 50 states, the District of Columbia,
Puerto Rico, the US Virgin Islands, and Guam to track trends in health conditions and risk
behaviors in the US.#445 The BRFSS also contains geographically referenced data for
participants that permit analysis across US counties to contextualize health risk. The median
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cooperation rate for the BRFSS in 2010 was 76.9%, while the final response rate was
54.6%.46

To explore sleep insufficiency, the following question from the BRFSS was used, “During
the past 30 days, for about how many days have you felt you did not get enough rest or
sleep?” Although the BRFSS sample available for analysis included 451,072 participants,
after the exclusion of missing data on county codes, pregnant women, and covariates, the
final sample used in the present analysis consisted of 245,531 participants.

Guided by the literature examining socio-demographic determinants of sleep patterns,*’
covariates in our analysis included age as a continuous variable, and categorical variables for
gender, employment status, race/ethnicity (Black, White, Asian, Hispanic), level of
education, number of children, smoking status, alcohol use, body mass index, asthma status,
general health status, income level, disability status, physical activity and emotional support.

Natural Amenities

Participants with geographically-referenced data were assigned an amenity score based on a
natural amenity index developed by the USDA Economic Research Service.1°> The index
was developed to reflect the natural landscape of counties in the lower 48 states, including
varied topography such as lakes, oceanfront and climate to encompass all four seasons in the
United States. The index uses standardized z-scores of mean hours of sunlight, mean relative
humidity, mean temperature, and proportion of water, in addition to a topography variation
scale that accounts for the basic land formations (e.g., hills and mountains) in each county.
The scores for average temperature, mean hours of sunlight, and mean relative humidity
span a 29-year period (1941 — 1970). A score of 1 to 7 was then assigned to each county
based on the sum of the z-scores of each of the natural amenities. A higher score
corresponds to higher levels of natural amenities.

Access to greenspace was measured using the normalized difference vegetation index
(NDVI). The NDVI is a well-established vegetation index used to measure vegetation
biomass, greenness, and dominant species.*849 The NDVI scores are typically estimated
based on the ratio between reflectivity in the red, and near infrared bands, where chlorophyll
pigment strongly absorbs radiation in the red band, and is highly reflective in the near-
infrared band.4® The 2006 16-day Moderate-Resolution Imaging Spectroradiometer
(MODIS) data from the Global Land Cover Facility website was used to assign NDVI scores
for each participant using the geographically weighted centroid of each county, as home
addresses are not publicly available from the BRFSS.%0 The MODIS dataset includes
stretched NDV1 values that range from 0-250 by adjusting the original NDV1 values, which
typically range from -1 to + 1 using the formula (NDVI score*200) + 50. Higher NDVI
scores represent higher access to greenspace.

Statistical Analysis

The primary independent variables were access to natural amenities and greenspace defined
as continuous variables above, while s/eep insufficiency was the primary outcome variable
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Results

for all analyses. Socio-demographic, lifestyle and psychosocial control variables were
examined using frequency distributions and summarized either as counts and percentages for
categorical variables or as means (+ standard deviations) for continuous variables.
Multivariate logistic regression models were fit in STATA 12 (Stata, version 12) by
categorizing insufficient sleep into five groups as 6 days or less (referent group), 7-13 days,
14-20 days, 21-29 days, and 30 days. These categories were selected based on pre-
established cut-off points for insufficient sleep using population-based US samples.51-53
Race, age and sex-specific differences on the influence of access to the natural environment
on insufficient sleep were also examined in stratified analyses. Sample weights developed
for the 2010 BRFSS were used in all analyses 44 to account for the complex sampling
design, and statistical significance was set at the p <0.05 level.

Table 1 presents characteristics of the sample (n=245,531). The mean NDVI score was 89.08
(£51.21), and the mean natural amenities score was 3.49 (£1.02). The sample was primarily
non-Hispanic White (80%), with non-Hispanic Blacks and Hispanics constituting 8.5% and
6.6%, respectively. Women comprised 64% of the study population and approximately 33%
of individuals were considered obese, based on a body mass index (BMI) of greater than or
equal to 30 kg/mZ2. Current smokers constituted less than 30% of the sample, and
approximately 50% reported more than 2 weeks of insufficient sleep. The mean age was
56.6 years (£15.17. Less than 1 week was the most common number of days reported by
participants (33.7%) as experiencing insufficient sleep.

Natural Amenities

With the exception of individuals reporting 14-to-20 days (OR=1.122 95% CI=1.012, 1.244;
p<0.05) and 30-days (OR=1.072, 95% C1=0.947, 1.213; p>0.05) of insufficient sleep,
individuals reporting 7-to-13 days (OR=0.923, 95%CI1=0.797,1.069), and 21-t0-29 days
(OR=0.843, 95%CI = 0.747, 0.951; p<0.01) had lower odds of access to natural amenities,
compared to individuals reporting 1-to-6 days of insufficient sleep (Table 2).

Males reporting 7-to-13 days (OR=0.911, 95% CI = 0.857, 0.968; p<0.01), 21-t0-29 days
(OR=0.838, 95% CI = 0.759, 0.924; p<0.001), or 30 days (OR=0.860, 95% CI = 0.784,
0.943; p<0.01) of insufficient sleep, had lower odds of access to natural amenities compared
to individuals reporting 1-to-6 days of insufficient sleep (Figure 1). We found a significant
trend in these findings (p<0.05). Among females, higher odds of access to natural amenities
for individuals reporting 14-to-20 days (OR=1.243, 95% CI = 1.091, 1.418; p<0.01), or 30
days (OR=1.331, 95% CI =1.146, 1.546; p<0.001) of insufficient sleep were observed,
compared to individuals reporting 1-to-6 days of insufficient sleep (Figure 2).

Among Whites, individuals reporting 14-to-20 days of insufficient sleep were more likely to
have higher odds of access to natural amenities (OR=1.264, 95% CI = 1.141, 1.399;
p<0.001) compared to individuals reporting 1-to-6 days of insufficient sleep. There were no
statistically significant associations observed between various categories of insufficient sleep
and odds of exposure to natural amenities for Blacks. Asians reporting 30 days (OR=1.214,
95%Cl, 1.004, 1.467; p<0.05) and Hispanics reporting 14-to-21 days (OR=1.128, 95%
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Greenspace

Cl=1.042, 1.220; p<0.01) of insufficient sleep had higher odds of exposure to natural
amenities (data not shown).

In age-stratified analysis, among 26-t0-64 year olds, individuals reporting 21-29 days of
insufficient sleep were less likely to have exposure to natural amenities compared to
individuals reporting <6 days of insufficient sleep (OR=0.992, 95% C1=0987,0998; p<0.05).
For participants >65, the impact was even greater, with individuals reporting much lower
exposures to natural amenities if reporting 21-29 days (OR = 0.586, 95% CI1=0.488, 0.705,
p<0.001) or 30 days (0.840, 95% CI =0.759, 0.929, p<0.001) of insufficient sleep. (Results
not shown).

Individuals reporting 1-to-6 days of insufficient sleep were used as the reference group for
all analyses (Table 3). Individuals reporting 7-to-13 days (OR=0.995, 95% CI = 0.988,
1.002; p>0.05), or 21-to-29 days (OR=0.991, 95% CI = 0.986, 0.9996; p<0.001) of
insufficient sleep had lower odds of access to greenspace. Individuals reporting 14-to-20
days of insufficient sleep were statistically indistinguishable from individuals reporting 1 to
6 days of insufficient sleep.

In stratified analyses (Table 3), compared to males reporting 1-to-6 days of insufficient
sleep, males reporting 7-to-13 days (OR=0.991, 95% CI = 0.987, 0.995; p<0.001), 14-to-20
days (OR=0.996, 95% CI = 0.993, 0.998; p<0.001), 21-to-29 days (OR = 0.984, 95% ClI,
0.979, 0.990; p<0.001) or 30 days (OR=0.991, 95% CI = 0.986, 0.996; p<0.001) of
insufficient sleep, all had lower odds of access to greenspace. Among females, however,
individuals reporting 14-to-20 days (OR=1.009, 95% CI = 1.003, 1.015; p<0.01) or 30 days
(OR=1.015, 95%CI = 1.009, 1.021; p<0.001) of insufficient sleep had higher odds of
greenspace access compared to individuals reporting 1-to-6 days of insufficient sleep.

Among Whites, individuals reporting 14-to-20 days of insufficient sleep had higher odds of
access to greenspace compared to individuals reporting 1-to-6 days of insufficient sleep
(P<0.001). Among Blacks, however, we found that individuals reporting 14-to-20 days (OR
=0.987, 95% CI = 0.981, 0.993, p<0.001) or 21-t0-29 days (OR=0.975, 95%Cl, 0.971,
0.980, p<0.001) of insufficient sleep, had lower odds of exposure to greenspace, while
individuals reporting 30 days of insufficient sleep (OR=1.007, 95% CI = 1.002, 1.011;
p<0.01) had similar odds of exposure to greenspace compared to individuals reporting 1-to-6
days of insufficient sleep. There were no significant associations found between access to
greenspace and sleep insufficiency among Asians or Hispanics (results not shown).

The association between days of insufficient sleep and exposure to green space was less
robust compared to the association between days of insufficient sleep and natural amenities
by age. Individuals age 65 or older, however, had less access to greenspace when reporting
21-29 days of insufficient sleep (OR =0.971, 95% CI =0.963, 0.980, p<0.001) or 30 days of
insufficient sleep (OR=0.989, 95% CI =0.984, 0.995, P<0.001). (Results not shown)
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Discussion

Exposure to positive attributes of the natural environment (e.g., greenspace, oceanfront), and
the lower risk of adverse health outcomes such as cardiovascular disease,>* mental health,>®
and overall general health (de Vries et al., 2003),°6 has resulted in recent investigations
exploring similar associations with sleep.2% Consistent with the findings of Astell-Burt et al.
(2013)°7 in an Australian sample, we found individuals with lower odds of access to the
natural environment (greenspace and natural amenities) reporting more days of insufficient
sleep. However, with the exception of males, we did not find a consistent trend across
increasing categories of days of insufficient sleep with natural amenities. Compared to males
reporting 1 to 6 days of insufficient sleep, all males reporting a week or more of insufficient
sleep had lower odds of access to the natural environment. This finding may be due to the
positive impact of physical activity on sleep quality,18 where men are not only more likely to
exercise, but also to exercise outdoors, compared to women;>8:59 although we controlled for
physical activity, the crude measure in the 2010 BRFSS (which is dichotomous) could allow
unmeasured variation in physical activity to explain this relationship for males. Additionally,
greenspace access has been shown to have a greater impact on mental health, which
influences sleep insufficiency, 24 among individuals that are more physically active.29 A
longitudinal study exploring the impact of greenspace access on mental health outcomes,
also found a protective effect for men, but not for women.59 Women are also more likely to
report insomnia, anxiety and depression,61:62 all factors that may also increase sleep
insufficiency. As such, the natural environment may have less of an impact on sleep
insufficiency for women, which may explain why we did not observe statistically significant
protective odds for access to greenspace or natural amenities for women in this sample.
Women may also have concerns regarding safety and outdoor activities, which may limit the
time spent with exposure to nature, compared to men, or women’s access to nature may be
limited for other reasons.

Lower odds of exposure to natural amenities were associated with 1 week and 3 weeks of
insufficient sleep, but not 14-to-20 or 30 days. Similar results were found for access to
greenspace, with individuals reporting 7- to-13 days, and 21-to-29-days of insufficient sleep
having lower odds of access to greenspace, compared to 1-to-6-days. The positive
associations observed between exposure to the natural environment and fewer days of
reported insufficient sleep are aligned with studies demonstrating the restorative effect of
exposure to nature on psychosocial factors associated with sleep (e.g., stress),83-6651 which
may improve sleep sufficiency. In a study comparing individuals engaged in Shinrin-yoku
(forest walking/breathing), to individuals walking in urban city environments, researchers
found improved physiological outcomes for the Shinrin-yoku group, such as decreased
salivary cortisol, blood pressure, pulse rate, and lower parasympathetic nerve activity?,
which all play a role in sleep sufficiency.58 The lower humidity found in the forest
environments was also correlated with lower fatigue scores among participants, which might
explain why individuals (particularly men) with higher odds of exposure to natural amenities
in our study reported fewer days of insufficient sleep.5”

Interestingly, across the entire sample and in sub-group analyses, individuals reporting 21—
29 days of insufficient sleep consistently had lower odds of access to greenspace and natural
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amenities compared to individuals reporting less than 1 week of insufficient sleep. Although
this finding was not statistically significant for women or all racial/ethnic groups, 3 weeks
may be a threshold where access to the natural environment possibly confers benefits for
sleep sufficiency independent of individual-level factors. Adults may be able to find other
ways to cope with limited sleep for less than 3 weeks, but environmental factors such as a
restorative natural environment may be needed to improve sleep sufficiency. Prospective
studies using objective measures of habitual sleep, over either longer and shorter periods of
time, however, are needed to further explore this hypothesis. Given the positive impact of
greenspace and the natural amenities on other health outcomes influenced by sleep such as
diabetes, %9 our study has important implications for population-based health programs
concerned with developing policies to improve the “outdoor” environment as a mechanism
for reducing adverse health outcomes.’® Additional factors (e.g., air quality) in the natural
environment may be important to consider with respect to influences on sleep quality for
racial ethnic groups, especially since we found that higher levels of exposure to positive
attributes of the natural environment did not result in better sleep quality for Whites. The
stronger protective effect observed for individuals aged 65+ with exposure to the natural
amenities compared to younger adults is consistent with studies indicating that exposure to
aspects of the natural environment (e.g., light), may improve sleep patterns.39:40

Although there are many strengths of this study, there are also several limitations. Our
exposure measurements were derived at the county-level rather than smaller units of
geography (e.g., census tracts), which may capture better the actual environment used by
participants. Another assumption was that proximity to the natural environment was equated
with utilization, as there were no questions in the secondary data sources used to assess
actual use or time spent in the natural environment for each participant. Although we
examined access to greenspace separately from our index of natural amenities, it was not
possible to disentangle which other aspects of natural amenities (e.g., access to water, or
living in a county with warm temperatures) exerted the greatest influence on sleep
insufficiency. We were also unable to control for the number of children in a household
based on stages of human development (e.g., infants and toddlers vs. teenagers), where
caregiving responsibilities at each stage may differentially impact parental/adult sleep
quality. Moreover, there are differences in the time frame of the environmental measures and
the primary outcome. The natural amenities index uses mean environmental scores (e.g.,
temperature) for January and July, so we compared the temperatures for these months for
2010, and then for the time period for the index, 1941 — 1970 from the US National Oceanic
and Atmospheric Administration. We did not find significant differences — for example, the
mean July temperature for 1941-1970 was 73.58°F while for 2010, it was 74.71°F. Perhaps
most troubling, this study, like prior, related studies, is cross-sectional, thus limiting causal
associations due to the differences in the timing between the primary exposure and outcome.
Additionally, we did not account for aspects of the social environment (e.g., crime) that
could potentially negate (e.g., lower likelihood of exploring one’s environment) the positive
impact of exposure to the natural environment. Sleep insufficiency was also based on self-
reports, thus it is difficult to validate objectively these observations.

Notwithstanding these limitations, this study makes a meaningful contribution to the
literature as one of the few studies examining the influence of the natural environment on
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sleep insufficiency in the US. Our composite measure of natural amenities relied on
approximately 3 decades of data on the natural environment, thus providing a more stable
measure of the environment. We also used a well-established, nationally representative
sample of the US population.

Conclusion

In a nationally representative sample of US adults, access to natural amenities and
greenspace was shown to attenuate the likelihood of reporting insufficient sleep, particularly
for men. Our findings suggest a link between our natural environment and health and the
need to preserve its future. Additional studies may be needed to determine whether this
relationship holds at smaller levels of geography and to disentangle whether specific
characteristics of the natural environment may be more likely to improve sleep sufficiency
across various socio-demographic groups.
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Highlights

e Exposure to the natural environment influences sleep quality.

» Insufficient sleep among men and individuals aged 65+ was attenuated by the

natural environment.

e Preserving the natural environment may be important for improving sleep

quality.
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Odds of Access to Natural Amenities By Days per Month of Insufficient Sleep for
Males, BRFSS 2010
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Figure 1.
Odds of Access to Natural Amenities by Days of Insufficient Sleep for Males
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Odds of Access to Natural Amenities By Days per Month of Insufficient Sleep for

Days
of Insufficient Sleep

Figure 2.

Females, BRFSS 2010
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Summary characteristics of the study sample, BRFSS 2010 sleep insufficiency analysis, n=245531

Table 1

Variable | N | Percent
Race

White 195,110 | 80.34
Black 20685 8.52
Asian 2996 1.23
Hispanic 15,983 6.58
All others 8080 3.33
Total 242,854 | 100.00
Sex

Male 88068 35.87
Female 157,463 | 64.13
Total 245,531 | 100.00
Heavy Alcohol Use ™

No 237,209 | 97.82
Yes 5276 2.18
Total 242,485 | 100.00
Smoking Status

Never | 126,888 | 51.87
Former Smokers 65,198 26.65
Current Smokers 52,563 21.49
Total | 244,649 | 10000
Body Mass Index Category

<25 81,442 33.17
25-29 Overweight | 83,578 34.04
>=30 Obese 80,509 | 32.79
Total 245,529 | 100.00
Employment Status

Unemployed/Retired/Homemaker 105,065 | 42.93
Employed 139,672 | 57.07
Total | 244,737 | 100.00
Marital status

Never Married | 31,057 12.69
Divorced/Separated/Widowed 68,498 27.99
Married 145,190 | 59.32
Total 244,745 | 100.00
Days of Insufficient Sleep in 30 days

<=6 days | 82618 | 3365
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Variable N Percent

7 to 13 days 45,962 18.72

14 to 20 days 48,381 | 19.70

21 to 29 days 28,242 11.50

30 days 40,328 | 16.42

Total 245531 | (100%)

Age [median] (std dev) 245,531 | 56.60 [57] (15.17)
Greenspace Score

Mean [median] (std dev) 242130 | 89.08 [51] (51.21)
Natural Amenity Index

Mean [median] (std dev) 243304 | 3.49[3] (1.02)

*
>2 drinks per day for men; >1 drink per day for women
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