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Abstract

Background—Evidence from cross-sectional studies has suggested a positive association
between moderate alcohol consumption and health-related quality of life but prospective data
remain scarce.

Objectives—To examine the bidirectional relationships between alcohol consumption and
health-related quality of life using a longitudinal study design.

Methods—A total of 92,448 participants of the Nurses’ Health Study Il reported their alcohol
consumption (in 1991, 1995, 1999, and 2003) and health-related quality of life (in 1993, 1997, and
2001). Using generalized estimating equations, we modeled the physical and mental component
summary (PCS and MCS) scores as a function of alcohol consumption 2 years earlier (n =
88,363), and vice versa (n = 84,621).

Results—Greater alcohol consumption was associated with better PCS scores 2 years later in a
dose-response manner up to ~1 serving daily [mean difference () = 0.67 £ 0.06 PCS units, for
moderate vs. infrequent drinkers]. After adjustment for previous PCS, a similar but attenuated
pattern was observed (8 = 0.33 + 0.07). Moderate alcohol consumption was not related to MCS,
whereas moderate to heavy alcohol consumption was associated with lower MCS scores ( = -0.34
+ 0.15). Higher PCS scores were associated with greater alcohol consumption 2 years later, also
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after adjustment for previous alcohol consumption ( = 0.53 £ 0.05 g/day). MCS was not
associated with alcohol consumption 2 years later.

Conclusion—Among young and middle-aged women, moderate alcohol intake was associated
with a small improvement in physical health-related quality of life 2 years later, and vice versa.
Moderate alcohol consumption was not associated with mental health-related quality of life in
either direction.
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Introduction

Results from cross-sectional studies suggest an association between moderate alcohol
consumption and higher health-related quality of life (HRQOL) [1-6]. However, excessive
alcohol consumption and binge drinking have been associated with poorer subjective health
[7, 8]. Indeed, in longitudinal studies, moderate alcohol consumption has been associated
with physical and mental health benefits such as a reduced risk of type 2 diabetes,
rheumatoid arthritis, and incident depression [9-11]. Moreover, moderate alcohol
consumption has been related to lower psychological distress, increased sociability, and
mood enhancement [12]. However, these associations may be biased by reverse causation.
For example, moderate drinkers may also engage in more social activities [13]. A few small
longitudinal studies have examined the associations between alcohol consumption and
HRQOL prospectively. Kaplan et al. [14] and Byles et al. [15] found that persistent
moderate alcohol consumption was related to a higher mental and physical HRQOL
compared to abstaining or decreasing alcohol consumption. This suggests that alcohol
consumption may influence subsequent quality of life. However, the reverse association, in
which HRQOL influences subsequent alcohol consumption, may also be true. Bell and
Britton suggested that the relationship between mental health and alcohol consumption is
driven by mental health [16], meaning that mental health influences change in alcohol but
not vice versa. Specifically, they demonstrated that individuals with better mental HRQOL
and high alcohol consumption showed a larger decrease in alcohol consumption in the
following 5 years [16]. Furthermore, individuals with poorer self-perceived health status
tend to be more likely to reduce or stop drinking alcohol than those with excellent health
status [17].

These studies provide evidence for a more complex, bidirectional relationship between
alcohol consumption and the physical and mental components of HRQOL. However, to our
knowledge, these relationships have not been investigated in any large-scale prospective
studies with repeated measures of both alcohol consumption and HRQOL. Therefore, the
aim of this study was to examine these bidirectional relationships in young and middle-aged
women who were followed for 12 years in the Nurses’ Health Study II.
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Methods

Study population

The Nurses’ Health Study Il was established in 1989, when 116,430 US female nurses aged
25-42 years responded to a mailed questionnaire regarding their diet and medical history.
The participants have been followed every 2 years with mailed questionnaires to collect diet,
lifestyle, and medical information. We excluded women with missing data on alcohol
consumption or HRQOL on every questionnaire throughout the study. Furthermore, we
excluded women who were diagnosed with multiple sclerosis or cancer (except those with
non-melanoma skin cancer) before 1991, when follow-up for these analyses started, because
these diseases have a large negative impact on HRQOL [18, 19]. Additionally, in each cycle,
we excluded women who were pregnant in the period from 2 years before exposure until the
outcome measurement time, as pregnancy causes most women to stop drinking and reduces
quality of life [20]. After these exclusions, 186,845 observations (from 88,363 participants)
remained for the analysis of the association between alcohol consumption and subsequent
HRQOL and 178,849 observations (from 84,621 participants) remained for the analysis of
the reverse association (Supplemental Table 1). The study flow is shown in Supplemental
Fig. 1. The study protocol was approved by the institutional review board of Partners Health
Care System. The completion and return of the self-administered questionnaires was
considered to represent informed consent.

Assessment of alcohol consumption

Alcohol consumption was assessed by a semi-quantitative food frequency questionnaire
(FFQ) in 1991 and every 4 years thereafter. The FFQ included separate items for regular
beer, light beer, white wine, red wine, and liquor with nine frequency responses ranging
from never or less than 1 per month up to 6 or more per day over the previous year. We
calculated total alcohol intake by multiplying the average consumption of each beverage by
the published alcohol content of the specified portion size based on periodically updated US
Department of Agriculture food consumption tables and then summing across beverages
[21]. We previously assessed the reproducibility and validity of self-reported alcohol intake
with the FFQ against 1-week dietary records completed every 3 months for a year among
173 participants of the Nurses’ Health Study (living in the Boston area), which is a similar
cohort of female nurses. The Spearman correlation coefficient between these two measures
of alcohol intake was 0.90 [22].

Assessment of HRQOL

HRQOL was measured using the Medical Outcomes Study 36-Item Short-Form Health
Survey (SF-36) in 1993, 1997, and 2001. The SF-36 is a self-administered questionnaire that
comprises eight scales of HRQOL.: (i) physical functioning, (ii) role limitations due to
physical health problems (role physical), (iii) bodily pain, (iv) general health perceptions, (v)
vitality, (vi) social functioning, (vii) role limitations due to emotional problems (role
emotional), and (viii) mental health. Each scale was scored separately from 0 to 100, with
higher scores reflecting better HRQOL [23]. There were two primary outcomes of this
study: the physical component summary (PCS) and the mental component summary (MCS)
scores. These component summary scores reflect overall physical and mental HRQOL. By
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design, the PCS and MCS scales represent orthogonal (i.e. uncorrelated) constructs [24].
Summary scores were standardized by using the mean, standard deviation, and factor score
coefficients for the SF-36 scales in the US general population, so that a mean PCS and MCS
score of 50 (standard deviation of 10) reflects the mean in the US general population [25].
The instrument has been extensively validated, and has good construct validity and high
test—retest ability and internal consistency [23, 26, 27].

In follow-up biennial questionnaires, we obtained self-reported information on demographic
and lifestyle factors [28], social integration [29], diseases, medication, and other
characteristics that were included as covariates in multivariable analyses: age (years), race
(white or non-white), region of residence (Northeast, Midwest, South, West, or outside the
USA), body mass index (BMI) (<18.5, 18.5-22.9, 23-24.9, 25-29.9, 30-34.9, or =35
kg/m?2), smoking status (never, past, or current smoking), physical activity (metabolic
equivalent of task-hours/week), energy intake (kcal/day), marital status (married or not
married), living arrangement (alone or with others), parity, employment status (employed or
not employed), night shift work [30], arthritis (i.e. osteoarthritis and rheumatoid arthritis),
diabetes mellitus, hypertension, hypercholesterolemia, asthma, premenstrual syndrome,
regular use (during the past 2 years) of antidepressants (selective serotonin reuptake
inhibitors, tricyclic antidepressants, or other), anxiolytics, analgesics (acetaminophen,
aspirin, or non-steroidal anti-inflammatory drugs), or oral contraceptives, and menopausal
status. Dietary information (in addition to alcohol) was obtained from repeated FFQs. To
reflect overall dietary quality, a diet score (without alcohol) was calculated based on the
2010 Alternative Healthy Eating Index (AHEI), where a higher score denotes better overall
dietary quality [31]. In addition, the frequencies of sugar-sweetened beverage and candy
consumption were added as covariates, because moderate alcohol consumption has been
related to lower intake of these food categories [32, 33].

Statistical analysis

Primary analyses—We conducted two sets of analyses to examine the bidirectional
associations between alcohol consumption and HRQOL (PCS and MCS scores). In the first
analysis, we examined the association between alcohol consumption and HRQOL 2 years
later. For example, we used alcohol consumption in 1991 to predict HRQOL scores in 1993,
and alcohol consumption in 1995 to predict HRQOL scores in 1997. The following alcohol
consumption categories were used: former drinkers (drinking alcohol in the last 8 years, but
abstaining during the last year), abstainers (abstaining from alcohol in the last 8 years), and
infrequent (0.1-1.24 g/day), light (1.25-4.9 g/day), moderate (5.0-19.9 g/day), and
moderate to heavy drinkers (=20.0 g/day). We defined infrequent drinkers as the reference
group. In the second analysis, we examined the association between HRQOL (quintiles of
PCS and MCS scores) and alcohol consumption (continuous; g/day) 2 years later. In total,
three cycles were analyzed for both directions of the association (Supplemental Fig. 1).

In both sets of primary analyses, the following covariates were included in the model: age,
race, region of residence, BMI, smoking status, physical activity, energy intake, marital
status, living arrangement, parity, employment status, and rotating night shift work. This
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was termed the lifestyle-adjusted model. A second model, the morbidity-adjusted model,
was further adjusted for arthritis, diabetes mellitus, hypertension, hypercholesterolemia,
asthma, premenstrual syndrome, use of antidepressants, anxiolytic agents, regular
analgesics, and oral contraceptives, and menopausal status. Finally, a third model, referred
to as the diet-adjusted model, was further adjusted for the AHEI score without consumption
of alcohol, sugar-sweetened beverages, and candy.

To account for the effect of previous outcomes on current outcome variables, we further
adjusted for baseline outcomes (HRQOL in the first analysis and alcohol consumption in the
second analysis) in each model. For example, when we used alcohol consumption in 1995 to
predict HRQOL scores in 1997, we additionally adjusted for HRQOL scores in 1993. After
adjustment for baseline outcome variables, two cycles were available for the association
between alcohol consumption and HRQOL 2 years later, and three cycles were available for
the reverse direction.

Because each individual contributed repeated measures of HRQOL and alcohol
consumption, we used generalized estimating equations (GEES), using ‘PROC GENMOD’
in SAS software (SAS Institute, Cary, NC, USA), with an identity link (for normal
distribution) to estimate B-coefficients of a generalized linear model. We specified subjects
as the repeated factor with an exchangeable correlation matrix in the model to account for
the correlation of within-person repeated measures [34]. Linear mixed models yielded very
similar results.

Secondary analyses—We examined the potential non-linear relation between alcohol
consumption and PCS and MCS non-parametrically with restricted cubic splines [35]. Tests
for non-linearity used the likelihood ratio test, comparing the model with only the linear
term to the model with the linear and the cubic spline terms. Results using loess smoothers
and fractional polynomials yielded similar findings. We also tested whether results were
different if women drinking =35 g alcohol/day were excluded from the moderate to heavy
alcohol consumption group (=20 g alcohol/day). In addition, we examined the association
between alcohol consumption and the eight HRQOL scales 2 years later with GEE models.
The same covariates were used as in the primary analysis.

Because no single summary score for HRQOL exists in the SF-36, we examined the
associations between alcohol consumption and “overall HRQOL’ using both PCS and MCS
scores. In these, we defined ‘good HRQOL’ as having both high PCS and high MCS scores
and ‘poor HRQOL’ as having both low PCS and low MCS scores (i.e. above the 60th
percentile for good HRQOL and below the 40th percentile for poor HRQOL). These cut-off
levels were chosen a priori to yield ~15% of women in the good and poor HRQOL groups.
GEE models were used (Poisson distribution and a log link) to calculate the odds ratio (OR)
for good and poor overall HRQOL versus ‘intermediate’ HRQOL (i.e. not being in either of
the former categories.

In addition to examining total alcohol consumption as a primary outcome variable, we
separately determined the likelihood of being a drinker and the amount of alcohol consumed
among drinkers. We investigated the association between PCS and MCS scores and the
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prevalence ratio of any alcohol consumption using GEE models (Poisson distribution and a
log link). Former drinkers were excluded from this analysis.

All analyses were performed using SAS software, version 9.2. A two-tailed P-value of 0.05
was considered statistically significant. All values shown are mean difference (3-coefficient)
+ SE or OR and 95% confidence interval.

Alcohol consumption and subsequent HRQOL

Baseline characteristics—The characteristics of participants in the Nurses’ Health
Study 1l by baseline alcohol consumption in 1991 are summarized in Supplemental Table 2.
Women drinking higher amounts of alcohol had a lower BMI and reported higher physical
activity. They were less often unemployed or married, and less often had children. The
prevalence of hypertension, hypercholesterolemia, osteoarthritis, diabetes, and asthma was
lower among women drinking alcohol up to a moderate amount (5.0-19.9 g/day). However,
regular use of analgesics was more common in higher alcohol consumers.

Alcohol consumption and subsequent PCS score—The associations between
alcohol consumption and subsequent PCS and MCS scores are shown in Table 1. The diet-
adjusted model showed that alcohol consumption was associated with higher PCS scores in
a dose—response manner, with women consuming =20 g/day having the highest PCS scores
compared to the infrequent drinkers reference group (B = 0.83 £ 0.11). After further
adjustment for previous PCS scores, the association between alcohol consumption and PCS
was attenuated. The dose-response relationship was only evident up to a moderate
consumption of 5.0-19.9 g/day ( = 0.33 + 0.07, for moderate vs. infrequent drinkers). For
comparison, in the lifestyle-adjusted model (also adjusted for previous PCS score), a 1-unit
increment in BMI was associated with a decrease of 0.20 in PCS score, and a 1-year
increment in age was associated with a 0.10 decrease. Furthermore, smoking was associated
with a decrease of 0.93 in PCS score (current vs. never smokers). The non-linear dose—
response relationship between alcohol intake and PCS score was confirmed in a restricted
cubic spline (Fig. 1; test for non-linear relationship: P < 0.001). Exclusion of women
drinking at least 35 g alcohol/day in the moderate to heavy alcohol consumption category
did not change the results ( = 0.43 + 0.12 and p = 0.48 £ 0.13 for the =20 g/day category
and 20-34.9 g/day category in the diet-adjusted model, respectively).

Alcohol consumption and subsequent MCS score—The diet-adjusted model
showed that light to moderate alcohol consumption was not associated with higher MCS
scores compared to infrequent drinking. However, compared to infrequent drinkers, MCS
score was lower among women drinking =20 g/day (f = —0.36 + 0.15) and higher among
abstainers (B = 0.34 + 0.08). After additional adjustment for previous MCS score, moderate
to heavy alcohol consumption remained associated with a lower MCS score (f = -0.34 £
0.15). This was further confirmed by results from a restricted cubic spline, which showed an
inverse linear relation between alcohol consumption and MCS score (P = 0.032). However,
after excluding women consuming at least 35 g alcohol/day in the moderate to heavy alcohol
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consumption category, no difference in MCS score was observed between the moderate to
heavy drinkers and the reference group (p = —0.25 £ 0.17 in the diet-adjusted model).

Alcohol consumption and subsequent HRQOL scales—The associations between
alcohol consumption and eight scales of the SF-36 are shown in Supplemental Fig. 2.
Compared to infrequent drinkers, abstainers and former drinkers scored lower on all scales
whereas moderate drinkers (5.0-19.9 g/day) scored higher on all scales, except for role-
emotional and mental health. Moderate to heavy drinkers (=20 g/day) scored higher on role-
physical and vitality, but lower on role-emotional and mental health.

Alcohol consumption and subsequent overall HRQOL—Moderate drinkers had a
lower likelihood of poor overall HRQOL (OR 0.90, 95% CI 0.84-0.97) and a higher
likelihood of good overall HRQOL (OR 1.09, 95% CI 1.02-1.16), compared to infrequent
drinkers (diet-adjusted model, additionally adjusted for previous PCS and MCS scores).

HRQOL and subsequent alcohol consumption

Baseline characteristics—The characteristics of the participants in the Nurses’ Health
Study 1l by baseline PCS and MCS scores are summarized in Supplemental Tables 3 and 4.
Women with lower PCS and MCS scores had higher BMI and energy intake and reported
lower physical activity. In addition, they more often worked rotating night shifts and used
antidepressants. Women with lower PCS scores were older, whereas women with lower
MCS scores were younger.

PCS score and subsequent alcohol consumption—The associations between PCS
and MCS scores and subsequent alcohol consumption are shown in Table 2. Subsequent
alcohol consumption was higher in women with higher initial PCS scores. Compared with
the lowest quintile of PCS score, women in the highest quintile consumed 0.58 + 0.06 g
alcohol per day more (diet-adjusted model). After further adjustment for previous alcohol
consumption, the association was attenuated; the difference in alcohol consumption between
the highest and the lowest quintile was 0.53 = 0.05 g/day.

To further investigate this positive association between PCS score and subsequent alcohol
consumption, we analyzed whether the association was also evident among alcohol drinkers
only. In addition, we analyzed the association between PCS score and the likelihood of
drinking alcohol.

Among alcohol drinkers, women in the highest quintile of PCS score consumed 0.40 + 0.08
g alcohol per day more than women in the lowest quintile. The association between PCS
scores and subsequent alcohol consumption was linear, with higher scores associated with
higher consumption in a dose-response manner (Fig. 2).

We next tested the association between PCS and the likelihood of any alcohol intake. In the
diet-adjusted model we observed a linear association for PCS: women with a higher PCS
score had a higher likelihood of drinking (OR 1.11, 95% CI 1.10-1.13, for highest vs. lowest
quintile). Further adjustment for previous alcohol intake did not change the results.
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MCS score and subsequent alcohol consumption—No association was found
between MCS scores and subsequent alcohol consumption in both diet-adjusted models,
with and without adjustment for previous alcohol consumption (highest vs. lowest quintile
of MCS score: —0.03 £ 0.06 and 0.03 + 0.05 g/day, respectively).

Discussion

In this large, longitudinal cohort study we have provided evidence that the association
between alcohol consumption and HRQOL is bidirectional. Moderate alcohol consumption
was associated with better subsequent PCS, but not with subsequent MCS. In the reverse
direction, we observed an association between higher PCS score and higher subsequent
alcohol consumption. MCS was not related to subsequent alcohol consumption.

Comparison with other studies

Our findings confirm those of previous studies that have demonstrated a positive association
between moderate alcohol consumption and physical HRQOL. We observed a non-linear
dose-response relationship between alcohol consumption and PCS score 2 years later, with
the highest PCS scores in women drinking moderately. A similar association was observed
between alcohol consumption and scales of PCS, i.e. physical functioning, role-physical,
bodily pain, and general health. Previous studies also demonstrated higher scores for PCS
and its scales in moderate drinkers as compared to abstainers or light drinkers [1, 2, 5, 15].
Although the association found in this study is consistent with the findings of previous
studies, persisted after multivariate adjustment, and remained consistent across PCS scales,
the strength of the association was modest. The 0.33-unit higher PCS score observed in
moderate alcohol drinkers was comparable to the change in score for women with a 1.7-unit
lower BMI or for women 3.5 years younger in our sample.

We observed no association between moderate alcohol consumption and MCS score. This
has been investigated in two other (cross-sectional) studies. Valencia-Martin et al. [5] did
not find an association in male and female adults, whereas Chan et al. [3] reported higher
MCS scores in moderate drinkers among men only. However, several studies have shown a
positive association between moderate alcohol consumption and scales of MCS, such as
mental health [1, 15], vitality [1, 2], and social functioning [1, 15]. This parallels the higher
vitality and social functioning scores in moderate drinkers observed in the present study.

Overall, the likelihood of having a good HRQOL in both physical and mental domains was
highest among moderate drinkers. A similar positive association between moderate alcohol
consumption and quality of life [3, 14], subjective wellbeing [36], subjective health [7], and
life satisfaction [3] has been reported. As there is no measure available for SF-36 in which
PCS and MCS sores are integrated, we created this overall score to explore the association
between alcohol and overall HRQOL. However, this overall score has limitations, because
PCS and MCS are designed to be uncorrelated.

To our knowledge, this is the first study showing a positive association between PCS per se
and subsequent alcohol consumption. However, previous studies have reported an
association between subjective health status and alcohol use. Specifically, suboptimal health
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has been related to quitting or reducing alcohol consumption [17, 37]. Additionally,
abstainers have more characteristics related to a poor health status compared to light or
moderate drinkers [38]. However, after excluding abstainers and former drinkers from the
analysis, the positive relationship between PCS and subsequent alcohol consumption
persisted.

MCS was neither associated with subsequent alcohol consumption nor with the likelihood of
drinking alcohol. This finding contrasts with the results of Bell and Britton, showing an
inverse association between MCS score and change in alcohol consumption in 6330 mainly
male British civil servants [16]. Participants with good mental health appeared to reduce
their alcohol consumption, whereas individuals with poor mental health either increased or
maintained a high level of consumption. We cannot directly compare our results to theirs, as
in the present study most women (~70%) did not change their alcohol consumption between
measurements performed 4 years apart.

Some limitations of our study warrant consideration. First, alcohol intake was self-reported
by a semi-quantitative FFQ, which generally causes underreporting of alcohol intake,
especially at higher levels of alcohol [39]. However, a validation study in nurses showed a
high correlation between alcohol consumption from the FFQ and four 1-week dietary recalls
and HDL cholesterol, a strong biomarker of alcohol intake [22].

Secondly, the time lag of 2 years between alcohol consumption and HRQOL measurements
may have introduced misclassification bias, as changes in alcohol intake or HRQOL could
have occurred during that period. However, alcohol intake and HRQOL both tended to be
stable over 4 years, as most women did not change their alcohol intake and average changes
in PCS and MCS scores were small. Therefore, we do not expect this to have a large
influence on our results.

Thirdly, the distribution of the PCS and MCS scales was not as widespread as the
distribution in the US general population; in particular, the standard deviations were
somewhat smaller (~9 vs. 10, respectively). However, average PCS and MCS scores were
comparable to those of the US population for women of 35-44 years (51.9 and 49.1 in our
sample vs. 51.7 and 47.8 in the US population, respectively), indicating that the women in
the cohort had HRQOL that was comparable to that of other American women of their age
[40]. We excluded women who were pregnant in a given cycle, but the fact that pregnant
women could re-enter the cohort in the next cycle was an important advantage of our
longitudinal study design.

Fourthly, although we controlled for a large number of health behaviors and
sociodemographic factors, residual confounding remains possible. In particular, limited
information was available on socioeconomic status, sleep quality, and disorders such as
depression and anxiety. However, related covariates such as antidepressant and anxiolytic
medication use and sociodemographic factors (race, region, marital status, employment
status, and night shift work) were examined in the model. In addition, our study population
primarily consisted of white educated US women with high and fairly homogeneous
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socioeconomic status. Therefore, we expect that the influence of residual confounding on
our results will be limited. However, this may limit generalizability to other ethnic and
socioeconomic groups (as well as men).

Finally, a limited number of participants were heavy alcohol consumers (>40 g/day).
Therefore, we could not examine the association between heavy drinking and HRQOL, and
the results are not generalizable to heavy alcohol consumers.

Conclusion

In summary, the results of this study support the presence of a bidirectional relationship
between alcohol consumption and HRQOL. Among young and middle-aged women, greater
alcohol intake (up to ~1 serving daily) was associated with a small improvement in physical
HRQOL 2 years later, and vice versa. No significant relationship was observed between
moderate alcohol consumption and mental HRQOL in either direction.

These results indicate the importance of exploring bidirectional associations in studies
concerning alcohol consumption. Additionally, the current US guidelines on alcohol
consumption recommend consuming alcohol in moderation (up to 1 serving per day for
women) if alcohol is consumed at all [41]. Our results are in agreement with these
guidelines: moderate alcohol consumption may be beneficial for physical HRQOL, whereas
drinking more than 1 drink per day may be harmful for mental HRQOL.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
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Non-linear dose—response relationship between alcohol consumption and subsequent
physical component summary (PCS) scores. Data are derived from a restricted cubic spline
generalized estimating equation model (lifestyle-adjusted model) in alcohol consumers. The
model is adjusted for previous PCS score, age, physical activity, energy intake, body mass
index, smoking, marital status, employment status, night shift work, race, region, living
arrangement, and parity. Alcohol consumption is winsorized at the 99.5th percentile. The
95% confidence interval is indicated by the gray area. P < 0.001, test for non-linear

relationship.
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Fig. 2.
Li?\ear dose-response relationship between physical component summary (PCS) scores and
subsequent alcohol consumption. Data are derived from a restricted cubic spline generalized
estimating equation model (lifestyle-adjusted model) in alcohol consumers. The model is
adjusted for previous alcohol consumption, age, physical activity, energy intake, body mass
index, smoking, marital status, employment status, night shift work, race, region, living
arrangement, and parity. PCS scores are winsorized at the 99.5th percentile. The 95%
confidence interval is indicated by the gray area. P < 0.001, test for linear relationship.
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