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Abstract

Depression and inflammatory markers have a reliable cross-sectional association although
less is known about the prospective relationship. The current study investigated whether pro-
inflammatory markers are prospectively associated with depression, and whether indicators
of unhealthy lifestyle, physical health and psychosocial functioning may drive this
association. Participants were drawn from the Hunter Community Study, a community-
dwelling cohort of individuals aged 55-85 years (N = 1410). Participants completed baseline
physiological assessment, health-related questionnaires, and blood sampling for the analysis
of inflammatory markers, C-reactive protein (CRP) and interleukin (IL)-6. Participants
completed the same depressive symptom questionnaire again after 3.5 to 5.5 years.
Depression outcomes at follow-up were analysed dichotomously using established scale cut-
off scores and continuously as a “residual score”, representing the variation in follow-up
depressive symptoms not explained by baseline symptoms and age. Analyses were conducted
on males and females separately. At baseline, indicators of unhealthy lifestyle, physical
health and psychosocial functioning were associated with depressive symptoms and
inflammatory markers. For males, there were no relationships between inflammatory markers
and follow-up depression outcomes. In females, IL-6 was significantly associated with
depression outcomes in univariate, but not multivariate analyses. However, IL-6 significantly
mediated the association between the predictors of waist-to-hip ratio, smoking and
psychological coping at baseline, and follow-up depression outcomes. The results support the
inflammatory hypothesis of depression, although females may be more vulnerable to effects.
The findings raise the possibility that unhealthy lifestyle and psychosocial stress may drive

inflammation and subsequent depressive symptoms.
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Introduction

The inflammatory hypothesis of depression posits that inflammation may have a
causative role in depression. It is supported by observations of depressive-like behaviour
following cytokine administration in animals and humans, and idiopathic major depressive
disorder in patients treated with cytokines such as interferon-alpha or interleukin (IL)-2
(Anisman et al., 2005; Capuron et al., 2009; Dantzer et al., 2011; Miller et al., 2009; Myint et
al., 2009; Reichenberg et al., 2001). Furthermore, inflammatory mediators, including I1L-6, C-
reactive protein (CRP), and tumor necrosis factor are consistently elevated in depression
(Dowlati et al., 2010; Hiles et al., 2012; Howren et al., 2009). Emerging evidence from
randomised controlled trials suggests that anti-inflammatory medications may improve
depression outcomes (Akhondzadeh et al., 2009; Raison et al., 2013). Inflammatory
mediators interact with key biological systems implicated in depression, including altering
neuroendocrine stress activity, neural plasticity, cognitive functioning, reactive oxygen
species, and neurotransmitter metabolism and activity (Irwin and Miller, 2007; Miller et al.,
2009). Thus, a causal relationship is biologically plausible.

The source of the elevated inflammatory markers in depression remains unclear.
Recent theories, such as the social signal transduction theory (Slavich and Irwin, 2014) and
PATHOS-D (Raison and Miller, 2013), propose that real or imagined psychosocial stressors,
represented cortically, activate autonomic and hormonal inflammatory pathways and
upregulate inflammatory gene expression. This upregulation produces the elevated circulating
inflammatory mediators that cause cognitive, emotional and behavioural symptoms of
depression. However, the source of inflammation in people with depression may be broader
than this, involving factors such as nascent or apparent physical illness, including obesity,
and/or aspects of lifestyle (Berk et al., 2013). Aspects of physical illness and unhealthy

lifestyle, including central adiposity, low physical activity, poor diet quality, smoking and



alcohol use, are frequently observed in people with depression and also have inflammatory
consequences (Hamer et al., 2009a; Lopresti et al., 2013; Milaneschi et al., 2009; O'Connor et
al., 2009). For instance, adipose tissue, particularly hypertrophic abdominal fat, produces
inflammatory cytokines and mediators (Bastard et al., 2006; Maury and Brichard, 2010;
Odegaard and Chawla, 2013) and it may be this abdominal, and not subcutaneous, fat that is
associated with depression (Everson-Rose et al., 2009).

Little attention has been given to examining potential sources of inflammation in
depression within longitudinal contexts. Indeed, few published studies address longitudinal
evidence of whether elevations in inflammatory markers precede or follow depressive
symptoms, and the evidence that is published is mixed. Meta-analysis of longitudinal studies
indicate a small significant association between elevated CRP (eight studies) or IL-6 (three
studies) and subsequent depressive symptoms, with moderate heterogeneity (Valkanova et
al., 2013). There is also support for a bi-directional prospective relationship between
inflammatory markers and depressive symptoms (Hamer et al., 2009a; b; Matthews et al.,
2010). Given the limited and mixed evidence, further exploration of the prospective
relationship is warranted, with close consideration of the influence of effect modifiers. For
instance, although previous prospective studies have selectively examined women (Matthews
et al., 2007; 2010) or men (Boyle et al., 2007), typically gender is considered as a control
variable, rather than an effect modifier. There are well-established differences in the clinical
presentation of depression in men and women (Marcus et al., 2005), likely due to both social
factors and biological factors, including inflammatory markers and neuroendocrine stress
hormones (Edwards et al., 2006; Kudielka and Kirschbaum, 2005; Larsson et al., 2009;
Marriott and Huet-Hudson, 2006; McConnell et al., 2005). Therefore, examining the
prospective relationship between depression and inflammatory markers by gender is

pertinent.



To our knowledge, mediation analyses have not been completed to examine whether
inflammatory markers mediate the relationship between baseline health and lifestyle factors,
and later depression. This approach may highlight whether physical health and lifestyle could
be a source of elevated inflammatory markers observed in people with depression. The
current study explores the relationship between inflammatory markers, depressive symptoms
and indicators of psychosocial functioning, physical health, and unhealthy lifestyle (central
adiposity, low physical activity, poor diet quality, smoking and alcohol use). There are two
discrete aims. The first aim is to explore a practical question from a biomarker perspective:
whether baseline levels of inflammatory markers — IL-6 and CRP — are associated with levels
of depressive symptoms at follow-up, and whether the effects remain after adjusting for
confounding. The second aim is to examine lifestyle, physical health or psychosocial
functioning as predictors of depressive symptom outcomes at follow-up, and explore whether
inflammatory markers mediate this relationship, thereby providing evidence regarding

potential sources of inflammatory markers in depression.

Material and Methods

Participants

Participants were drawn from the Hunter Community Study, a study of the health of
older persons in the large regional centre of Newcastle, New South Wales, Australia
(McEvoy et al., 2010). Participants gave informed consent to participate. All procedures were
approved by the institutional ethics review board and conducted in accordance with the
Declaration of Helsinki. Briefly, between December 2004 and December 2007, community-
dwelling individuals from the Newcastle region were randomly selected from the Australian
electoral roll and invited to participate in the study. 3318 individuals agreed (44.5%

participation rate). The gender and marital status of these participants were similar to national



Australian profiles. Participants were re-contacted between January and December 2010 with
an invitation to complete follow-up questionnaires. By follow-up, the study team was notified
of 132 deaths (4%), 169 people actively withdrew (5%) and 767 (23%) were lost to follow-up
with unknown reasons, leaving 2250 who completed follow-up questionnaires. Those who
completed follow-up were significantly younger, were more likely to be married, had lower
IL-6, and had lower depressive symptoms (all p’s < .05).
Procedures

At baseline, participants completed self-report questionnaires and a face-to-face
clinical assessment to gather information regarding health status, functioning and health
behaviours (for detail on measures see McEvoy et al., 2010). 78% of participants provided a
serum blood sample for routine blood testing and for storage for future use, which included
analysis of CRP and IL-6. At follow-up, participants completed self-report questionnaires
with a focus on mental health.
Measures

Inflammatory markers: 12 hour fasting blood was collected (95% were collected in
the morning). Samples were centrifuged at 4°C and 3000g for 10 minutes, and serum was
stored at -80°C until analysis. High sensitivity CRP was analysed via CRP Flex System on
Dimension Vista System immunonephelometry (Siemens Healthcare Diagnostics, Newark,
DE, USA). The limit of detection was 0.16mg/L and coefficient of variation was 4.8%. High
sensitivity IL-6 was analysed via Access IL-6 magnetic bead/chemiluminescent
immunoassay (Beckman Coulter, Fullerton, CA, USA, ref A16369), performed on a
Beckman DxI. The lower limit of detection was 0.5pg/mL and coefficient of variation was
12%.

Depressive symptoms: Depressive symptoms were measured at baseline and follow-up

using the 20-item self-report Centre for Epidemiologic Studies Depression Scale (CES-D)



(Radloff, 1977). It provides a continuous score in the range of 0-60 based on the frequency of
depressive symptoms in the past week. A cut-off score of 16 is used as a marker of at least
mild and clinically relevant depressive symptomatology and possible depression (100%
sensitivity and 88% specificity for major depression) (Beekman et al., 1997). The scale was
designed for use in epidemiological studies and has been validated for use in older samples
(Beekman et al., 1997). For participants missing five or fewer items on the scale, values were
imputed based on the average of the items completed (in the final included sample, N = 115
[8.2%] were imputed at baseline; N = 193 [13.7%] were imputed at follow-up).

Lifestyle factors: Five factors were selected as indicators of unhealthy lifestyle:
adiposity (body mass index or waist-to-hip ratio), steps per day, percentage of energy intake
from saturated fat, smoking status, and alcohol misuse. Measures of adiposity were calculated
from measurements taken by trained staff during the physical assessment. Average steps per
day as an indicator of physical activity was obtained using measurements from a pedometer
worn over a week. Diet quality, including assessment of saturated fat intake, was assessed
using a previously validated semi-quantitative food frequency questionnaire (Smith et al.,
1998), from which nutrient intakes were determined using a custom-made nutrient analysis
programme based on the NUTTAB 2006 database (Food Standards Australia New Zealand,
2006). Saturated fat was selected as it is promoted as a key nutrient to reduce in public health
guidelines (National Health and Medical Research Council and Department of Health and
Ageing Australian Government, 2005; U.S. Department of Agriculture and U.S. Department
of Health and Human Services, 2010; World Health Organization, 2013) and this particular
aspect of diet is associated with elevated inflammatory markers (King et al., 2003). Smoking
status was self-reported. Alcohol use was also self-reported using a modified timeline follow-
back method (Cumming and Mitchell, 1997; Skinner, 1982; Sobell et al., 1979). Based on the

number of days when alcohol was consumed and number of standard drinks consumed in the



last month, we determined whether the participant drank above contemporaneous Australian
alcohol guidelines (>4 standard drinks per day for men, >2 standard drinks per day for
women) (National Health and Medical Research Council, 2001).

Physical health and psychosocial functioning: The number of physical illnesses that a
participant endorsed from a list of ten common illnesses was summed to create a proxy
indicator of physical health (0-10; asthma, hypertension, angina, osteoarthritis, rheumatoid
arthritis, heart attack, stroke, diabetes, atrial fibrillation, thyroid problems, osteoporosis, and
bronchitis/emphysema). Additional indicators of physical functioning were dimensions of the
Assessment of Quality of Life — 6D (AQoL-6D) (Richardson et al., 2012): Independent
Living (needing help with household tasks, mobility, walking, self-care) and Pain (frequency
of pain, discomfort, interference with activities). Indicators of psychosocial functioning were
the AQoL-6D Relationships dimension (satisfaction with intimate relationships, health and
family role, and health and community) and Coping dimension (energy, control of life,

coping with problems).

Data analysis

Analyses were conducted using Stata SE/11 (StataCorp LP, USA). Participants who
did not complete follow-up surveys (N = 1067), were without a blood sample (N = 734), or
who reported lupus erythematosus or use of immunosuppressants (N = 1) were excluded.
Furthermore, participants with high concentrations of inflammatory markers were also
excluded from analysis as a conservative indicator of probable acute illness [CRP>10mg/L
based on the guidelines of Clyne and Olshaker (1999) and IL-6>23pg/L which represented
values more than 3 standard deviations above the mean in this sample; N = 106]. The 1908
participants excluded from the analyses were significantly older, and were more likely to be

female and not married at baseline (p < .05).



As an alternative approach to using a clinical guideline of probable acute illness to
exclude cases, a secondary sensitivity analysis was conducted where a statistical criterion was
used to monitor outlying cases. To indicate influential data points, Cook’s distance was
calculated for key regression analyses between inflammatory markers and follow-up
depression outcomes. Cook’s distance values above N /4 were excluded (for females N = 32
for IL-6, N = 30 for CRP; for males N = 22 for IL-6, N = 30 for CRP).

All analyses were performed separately for females and males, as significant
interactions between IL-6 and gender were observed in dummy coded regression analyses
predicting baseline continuous CES-D score (t(1301) = 1.96, p = .05), follow-up continuous
score (t(1319) = 2.19, p = .03) and dichotomous score (Z = 1.94, p = .05). We explored cross
sectional associations between baseline inflammatory markers, depressive symptoms,
lifestyle factors, physical health and psychosocial functioning using age-adjusted, lifestyle-
adjusted and fully-adjusted multiple linear regression models with robust standard errors.
Semi-partial correlations were calculated to demonstrate the unique relationship between the
predictor and the outcome. Robust standard errors were used to account for observed
heteroscedasticity and non-normality of residuals via inspection of plotted residuals and
Breusch-Pagan/Cook-Weisberg tests.

To test the first study aim, we examined whether inflammatory markers, lifestyle
factors, physical health and psychosocial functioning were associated with follow-up
depressive symptoms. Baseline and follow-up measures of psychological symptoms were
strongly correlated, so instead of using follow-up scores as the outcome variable we derived a
residual score for each participant from a regression model of age and baseline CES-D score
predicting follow-up CES-D score. Thus, the outcome for these analyses (henceforth referred
to as “residual score™) represents the variation in follow-up depressive symptoms not

explained by baseline depressive symptoms and age. A high residual score indicates that the



participant had a higher than expected score at follow-up, relative to their baseline score and
age. We also completed logistic regression on the outcome of dichotomised high vs. low
depressive symptoms at follow-up, based on the established CES-D cut-off score of 16
(Beekman et al., 1997), excluding people with high depressive symptoms at baseline (CES-D
>16).

To explore the second aim, mediation analysis was applied using a model of a
lifestyle, health or psychosocial functioning indictor (based on a significant univariate direct
effect, p <.05) predicting residual CES-D score, mediated via IL-6 or CRP. Sobel-Goodman
mediation tests were completed and confidence intervals were derived based on Preacher and

Hayes (2004) methods, using a bias-corrected bootstrapping approach with case resampling.

Results

Sample description

Table 1 describes the baseline characteristics of the 1410 participants included in
these analyses. They were an average of 65.6 years old (SD = 7.1); 771 (50%) were females,
1074 (76%) were married or de facto/living with a partner, and all were living in the
community. By follow-up, most were still living in the community, with less than 1% in
retirement or hostel facilities.
Cross sectional associations

For females, most aspects of unhealthy lifestyle and all measures of physical health
and psychosocial functioning were significantly associated with IL-6 (ranging in size from j
=-0.01to p=0.37; Table 2; see also Supplementary Table 1). Only steps per day and current
smoking remained significant after adjusting for other predictors (# = -0.20, g = 0.10,
respectively). For males, similar patterns were observed (ranging from £ = 0.01 to = 0.37),

although waist-to-hip ratio, number of health problems and AQoL-6D Independent Living

10



remained significant after full multivariate adjustment (4 = 0.13; § = 0.10; = 0.11,
respectively). Similar patterns were observed for the association between CRP and other
factors (ranging from 5 = 0 to f = 0.42; Table 2; Supplementary Table 2). For females, after
full multivariate adjustment, once again steps per day and also safe use of alcohol remained
significant predictors (8 =-0.17; p = -0.09). For males, again waist-to-hip ratio and
Independent Living scores remained significant predictors after multivariate adjustment (5 =
0.16; p = 0.28, respectively).

Inflammatory markers, physical health, psychosocial functioning and many aspects of
unhealthy lifestyle were cross-sectionally associated with baseline CES-D scores, which were
largely similar for females and males (ranging from £ =0.02 to 5 = 0.62; Table 2;
Supplementary Table 3). For females, IL-6 and waist-to-hip ratio remained significant after
lifestyle adjustment, with similarly sized independent contributions according to semi-partial
correlations of 0.12 and 0.10, respectively. After full adjustment, only the psychosocial
indicators of Relationships and Coping were significant predictors (5 = 0.24; 5 = 0.49,
respectively). For males, after lifestyle adjustment, waist-to-hip ratio, steps per day and
energy from saturated fat remained significant, contributing similarly according to semi-
partial correlations (all r=0.08 or 0.09). After full adjustment, the significant predictors were
AQoL-6D Relationships, Coping and Pain dimensions (# = 0.19, = 0.40, p = 0.13,
respectively).

Baseline inflammatory markers and follow-up depressive symptoms

Fewer factors were significantly associated with CES-D residual scores (i.e., variation
in follow-up CES-D not explained by baseline CES-D and age; ranging from g =0to S =
0.14; Table 3). For females, IL-6 was no longer a significant predictor after lifestyle and full-
adjustment. Significant predictors of residual score after full multivariate adjustment were

waist-to-hip ratio, energy from saturated fat and AQoL-6D Pain (= 0.09, p = 0.11, 5 =0.16,
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respectively). For males, inflammatory markers were not significant univariate predictors,
whereas waist-to-hip ratio, Relationships, Coping and Pain were significant predictors (f
between 0.07 and 0.12). However, the multivariate models for males were poor and no
significant predictors were observed. Adding IL-6 to a multivariate regression model with
lifestyle factors did not improve the model for females (R? change .002; F(1,530) =0.91, p =
.34) or males (R? change < .001; F(1,542) = 0.001, p = .98). We also examined whether
inflammatory markers were associated with dichotomous depression at follow-up, excluding
participants with high depressive symptoms at baseline (CES-D > 16; Table 4). The only
significant predictor after multivariate adjustment was AQoL6-D Coping (OR = 37.64, p =
.001) in the model for females.

For the sensitivity analysis using a statistical criterion for outliers, the pattern of
results remained the same as in the final analyses included in Table 3: for females, significant
association between loglL-6 and depression residuals (b =0.61, SE = 0.31, t = 1.98, p =.048)
and not significant for logCRP and depression residuals; and for males, non-significant
associations between logCRP/loglL-6 and depression residuals.

Inflammatory markers as mediators of the lifestyle to depression relationship

The univariate significant predictors of residual depression score were entered as
predictors into a mediation analysis, with residual depression score as the outcome and 1L-6
or CRP as mediator (Table 5). For females, IL-6 was as a significant mediator of the
relationship between waist-to-hip ratio and depression outcomes, and current smoking and
depression outcomes (indirect effects 0.01 and 0.25, respectively), with direct effect effects
remaining significant (0.12 and 4.04, respectively). IL-6 also significantly mediated the
relationship between AQoL-6D Coping and depression outcomes (0.56), rendering the direct
effect non-significant (4.85). IL-6 was not a significant mediator for saturated fat intake or

Pain. For males, IL-6 was not a significant mediator of relationships between any predictors
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(waist-to-hip ratio, Relationships, Coping and Pain) and residual depression score. There
were no significant indirect effects of CRP as a mediator between predictors and residual

score for females or males.

Discussion

The current study sought to examine whether baseline levels of inflammatory markers
predict later depression outcomes, and whether the effects are driven by aspects of physical
health, unhealthy lifestyle and perceived psychosocial functioning. The strongest effects
observed were that unhealthy lifestyle factors drive depression both directly and indirectly via
inflammatory mediators. There was also evidence that the effect of psychological coping on
depression outcomes is through inflammation. These effects were observed for females only,
indicating evidence of a gender difference in the relationship between inflammatory markers,
depression, and physical and psychological functioning.

Firstly, this study replicates the clear cross-sectional inter-relationship between
inflammatory markers, depression, and health and lifestyle, while also highlighting gender
differences. The cross-sectional relationship between IL-6 and depression remained after
controlling for aspects of unhealthy lifestyle in females but not males. Estrogen is generally
anti-inflammatory, and thus, one possibility is that low levels of estrogen in these post-
menopausal women may make them more prone to depression via inflammatory states
(Straub, 2007). The sex differences observed in neuroendocrine stress responses may also
contribute (Kudielka and Kirschbaum, 2005). There is other evidence of sexual dimorphism
in relationships between inflammatory markers and health and lifestyle, for instance women
show a greater increase in IL-6 after a high fat meal than men (Payette et al., 2009), and
women have a higher proportion of fat mass than men and a stronger association between

adiposity and inflammatory markers (Thorand et al., 2006). Thus, gender seems to be an
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important effect modifier in the depression-inflammation relationship, particularly
considering the contribution of lifestyle.

The current study also sought to explore several unanswered questions regarding
prospective evidence for the inflammatory hypothesis of depression: namely whether
inflammatory markers have the potential to be useful biomarkers of later depression onset,
and whether unhealthy lifestyle, physical health and psychosocial stress (as indicated by
perceived quality of life) may be important potential sources of elevated inflammatory
markers. In females, but not males, IL-6 was a significant predictor of follow-up depression
outcomes. However, these effects were not significant after adjusting for lifestyle, which is
consistent with previous findings indicating that unhealthy lifestyle confounds the
relationship between depression and inflammatory markers (Duivis et al., 2011).

A noteworthy novel outcome in this study is that, for females, IL-6 mediates part of
the association of baseline adiposity, smoking and psychosocial coping, with later depression
outcomes. This highlights several potential sources of the inflammatory markers observed in
depression. The finding that the relationship between an individual’s perceived current ability
to cope with stress and later onset of depressive symptoms is mediated by inflammation is
consistent with contemporary depression theories which propose that perceived psychosocial
stress is the trigger for inflammation (Raison and Miller, 2013; Slavich and Irwin, 2014).
Although the variable of coping (consisting of an individual’s sense of energy, control of life,
and coping with problems) was used to infer psychosocial stress, the finding will be
strengthened if future studies consider alternative measures of psychosocial stress, such as
major life events scales, daily events or perceived stress scales.

The significant mediation effects of 1L-6 for the association between adiposity and
depression is particularly informative, given that waist-to-hip ratio endured as a significant

predictor of residual CES-D scores after adjusting for other lifestyle factors. Inflammatory
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mediators induced by hypertrophic, rather than lean, adipocytes (and excess nutrient intake)
are already suggested to be involved in the pathogenesis of aspects of the metabolic
syndrome, such as insulin resistance (Calay and Hotamisligil, 2013; Odegaard and Chawla,
2013), and may extend to depression. Other prospective studies also highlight the importance
of lifestyle in the depression-inflammation relationship; including that CRP only partly
explains the association between physical activity and risk of depression (Hamer et al.,
2009a) and that a healthy diet may minimise the effect of depression on inflammatory
markers (Milaneschi et al., 2009). The lack of association between physical activity and
depression in the current study is surprising, given previous studies (Azevedo Da Silva et al.,
2012; Hamer et al., 2009a; Song et al., 2012). Physical activity was measured via pedometer
in the current study. This provides a good measure of walking compared with sedentary
activity, which is a critical and effective indicator of physical health (Ewald et al., 2010), but
not the intensity of physical activity, which may be more closely related to depression.

The current results indicate that aspects of unhealthy lifestyle may be another
important source of the elevated inflammatory markers observed in depression, in addition to
psychosocial stress. Consequently, contemporary causal theories of depression involving
inflammation may need to consider unhealthy lifestyle and physical health alongside
psychosocial stressors. For instance, PATHOS-D suggests that psychosocial stress activates a
host defence response as part of an adaptive evolutionary process that primes the body,
immunologically and behaviourally, to combat infection and avoid pathogen exposure in
times of stress (Raison and Miller, 2013). The originally adaptive process is maladaptive in
the modern social context, presenting as depression. PATHOS-D hypothesises that since
other risk factors for depression that are largely non-social, such as aspects of unhealthy
lifestyle, are also pro-inflammatory, they may be associated with the pathways evolved to

fight infection. Further evidence as to whether unhealthy lifestyle and physical illness
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precedes or follows psychosocial stress and changes in inflammatory mediators will inform
modifications to theory.

This study must be viewed in light of several limitations. Firstly, we were limited in
the possible causal models that we could test due to the data available. Alternative
relationships, including whether baseline levels of depressive symptoms predict future levels
of inflammation, could not be tested, since we did not measure inflammatory markers at
follow-up. We also could not examine more complex, additive relationships or other possible
potential sources of inflammatory markers, including chronic psychosocial stress, biological
measures such as oxidative stress or hypothalamic-pituitary-adrenal axis activity. Future
epidemiological studies that measure inflammatory markers, psychological functioning, and
health and lifestyle indicators at multiple time-points are required to interpret the temporality
and mediation between these factors. Depression was not defined through clinical interview,
only through depressive symptom inventory, which may mean the effect sizes underestimate
the true effect, as suggested by meta-analysis of cross sectional studies comparing effect sizes
for diagnosed depression and elevated depressive symptoms (Hiles et al., 2012).
Consequently, we also did not have the ability to examine subtypes of depression, although
research indicates that melancholic vs. atypical depression are associated with differential
inflammatory and immune profiles (Hickman et al., 2014; Kaestner et al., 2005; Rothermundt
et al., 2001). There were also missing data and participants lost to follow-up. Blood was only
collected from participants able to attend a clinic session within office hours, which may have
led to a selective participant base. This was a community-dwelling older sample, and so does
not represent young or institutionalised persons. Due to limitations in available data, we also
do not know how changes in inflammatory or lifestyle indicators or incident pharmacological

or psychosocial intervention between baseline and follow-up may have impacted results.
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Our analyses have strengths over previous prospective studies of the depression-
inflammatory marker relationship, particularly in the application of mediation analysis to
identify objectively measured central adiposity as one important potential source of
inflammatory mediators. Furthermore, these results highlight that future examination of the
role of inflammation in depression need to consider that gender may act as an effect modifier,
and that contemporary inflammatory theories of depression may need to account for gender
differences and the role of unhealthy lifestyle. The findings that in females inflammatory
markers precede depression and that adipose tissue may be one source of inflammation has
consequences not only for theory, but also for the prevention and treatment of depression. It
highlights unhealthy lifestyle as an important intervention target for the prevention and
treatment for depression, through improvement of inflammatory pathways. These results may
extend to other aspects of psychopathology, as elevations in inflammatory markers may be a
feature of numerous psychopathologies, not simply depression, including anxiety (Copeland
etal., 2012; Vogelzangs et al., 2013), bipolar disorder (Modabbernia et al., 2013), psychosis

(Miller et al., 2011), and suicidal ideation (O'Donovan et al., 2013).
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Table 1. Baseline characteristics of included participants (N = 1410).

Total Males Females
Characteristic Mean (SD) Mean (SD) Mean(SD) p°?
Age (years) 65.6 (7.1) 66.0 (7.4) 65.1(6.8) .02
Centre for Epidemiologic Studies 6.8 (7.7) 6.2 (7.8) 7.2(75) .02
Depression Scale (CES-D)
IL-6 (pg/mL)® 2.4 (2.0) 2.5(1.9) 2.3(2.0) <01
CRP (mg/L)" 2.6 (2.1) 2.4 (1.9) 28(22) .01
Waist-to-hip ratio (as %) 89.4 (8.8) 95.5(5.8) 83.4(6.8) <.01
Body mass index 28.5 (4.6) 28.7 (4.0) 28.3(5.2) .08
Steps per day (in thousands) 7.2(3.1) 7.0 (3.3) 7.3(3.00 .16
% energy from saturated fat 11.5(3.1) 11.6 (3.1) 114(3.1) .24
Number of self-reported physical 1.4 (1.4) 1.3(1.3) 16(1.4) <01
health problems (0-10)
Assessment of Quality of Life
(standardised scores; 0-1)
Independent living 0.14 (0.17) 0.14 (0.17) 0.14(0.17) .70
Relationships 0.12 (0.17) 0.12(0.18) 0.12(0.17) .90
Coping 0.17 (0.16) 0.16 (0.15) 0.18(0.16) .04
Pain 0.28 (0.27) 0.27 (0.26) 0.29(0.27) .29
Characteristic N (%) N (%) N (%) p
Gender Male 699 (50.0)
Female 711 (50.0)
Marital status Married 1048 (76.0) 572 (83.6) 476 (68.6)
De facto/living 26 (1.9) 13 (1.9) 13 (1.9)
with partner
Widowed 132 (9.6) 29 (4.2) 103 (14.8)
Divorced or 135 (9.8) 50 (7.3) 85 (12.3)
separated
Never married 37 (2.7) 20 (2.9) 17 (2.9) <.01
CES-D category  Scores > 16 160 (12.3) 67 (10.3) 93 (14.2)
Scores < 16 1145 (87.7) 585 (89.7) 560 (85.8) .03
Current smoking  No 1299 (94.8) 645 (94.9) 654 (94.8)
Yes 71 (5.2) 35(5.2) 36 (5.2) <.01
Alcohol use No use 236 (17.1) 90 (13.1) 146 (21.0)
Safe use 888 (64.2) 426 (62.0) 462 (66.3)
Hazardous use 139 (10.0) 117 (17.0) 22 (3.2)
Use at unknown 121 (8.7) 54 (7.9) 67 (9.6) <.01

quantity

& p values refer to differences between males and females.
b Descriptive statistics report raw values, inferential statistics were conducted on log-
transformed values to correct for non-normality.
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efficients between baseline lifestyle factors, interleukin (IL)-6, C-reactive protein (CRP), and Centre for
cale (CES-D), adjusted (adj.) for age, age and lifestyle, and all predictors. Significant results using o = .05
. Further details including unstandardised coefficients and exact p values are included in supplementary
y tables 1, 2, 3).

Outcomes
loglL-6 logCRP CES-D
Age Lifestyle Fully Age Lifestyle Fully Age Lifestyle Fully
adj. B adj. B adj. B adj. B adj. B adj. B adj. B adj. B adj. B
- - - 0.39* - - 0.14* 0.13* 0.04
0.37* - - - - - 0.13* - -
0.14* - - 0.13* - - - - -
0.11* 0.06 0.04 0.15* 0.10* 0.08 0.13* 0.11* 0.05
0.27* - - 0.40* - - 0.14* - -
is) -0.24* -0.22*  -0.20* -0.21* -0.19*  -0.17* -0.03 0.01 0.05
at 0.08* 0.07 0.06 0.08* 0.04 0.03  0.10* 0.07 0.02
0.13* 0.10* 0.10* 0.07 0.05 0.04  0.10* 0.07 0.06
) USe)
-0.09* -0.06 -0.04  -0.11* -0.11*  -0.09* -0.09 -0.03 -0.02
-0.01 -0.01 -0.01 0.003 0.02 0.02 0.02 0.01 0.02
ity -0.03 -0.03 -0.01  -0.09* -0.11* -0.07 -0.06 -0.03 -0.04
0-10) 0.09 - -0.01 0.04 - -0.05 0.18 - 0.07
Life
0.18* - 0.02 0.14* - 002  0.29* - -0.09
0.14* - 0.03 0.13* - 0.07 0.47* - 0.24*
0.13* - 0.07 0.11* - -0.001  0.62* - 0.49*
0.16* - 0.09 0.13* - 010 0.30* - 0.08
- - - 0.42* - - 0.04 -0.004 -0.07
0.37* - - - - - 0.09* - -
0.03 - - 0.09 - - - - -
0.18* 0.16* 0.13* 0.21* 0.19* 0.16*  0.13* 0.10* 0.04
0.19* - - 0.33* - 0.18* -
is) -0.11* -0.07 -0.04  -0.12* -0.06 -0.03 -0.12* -0.09* 0.03
at -0.02 -0.02 -0.01 0.05 0.05 0.05 0.09* 0.09* 0.04
0.06 0.01 0.0001 0.08* 0.06 0.02 0.04 0.04 0.0004
) USe)
-0.02 -0.03 -0.02  -0.11* -0.11 -0.10 -0.01 -0.004 0.02
0.04 -0.02 -0.03 -0.01 -0.06 -0.09 0.04 0.03 0.02
ity 0.01 -0.02 -0.02 0.68 0.01 0.004  0.13* 0.10 0.06
. N -0.03 .
0-10) 0.12 - 0.10 0.07 - 0.24 - 0.05
Life
0.16* - 0.11* 0.28* - 0.28*  0.47* - 0.06
0.10* - 0.04 0.11* - -0.03  0.51* - 0.19*
0.09* - -0.03 0.10* - -0.08  0.59* - 0.40*
0.11* - -0.01 0.17* - -0.004  0.38* - 0.13




Table 3. Association of baseline inflamatory markers, lifestyle factors, physical health and quality of life measures, v
scores, which represent the variation in follow-up Centre for Epidemiologic Studies Depression Scale (CES-D) score
and age.

Unadjusted Lifestyle adjusted?
Semi-
Gender Predictor variable b SE B p b SE B p partialr
Female logIL-6 118 052 009 024 057 058 004 .330 0.04
logCRP 031 042 -003 469 - - - ] -
;X;"St'to'h'p ratio (as 043 005 010 .009 012 005 009 .028 0.09
Body mass index 0.03 0.06 0.02 .609 - - - - -
Steps per day (in 004 012 -001 .739 009 013 003 .510 0.03
thousands)
% energy from
eatraten fat 033 011 012 .002 029 011 011 .012 0.10
)S/e”;;’ke now (0 no, 1 429 216 011 048 353 217 010 .104 0.10
Alcohol use (reference:
no use)
Safe use 109 089 -006 224 -163 099 -0.09 .101 -0.08
Hazardous use 106 277 002 703 -0.83 277 -0.02 .764 -0.02
Use at unknown 193 165 006 .241 030 181 001 .870 0.01
quantity
Number of self-reported
physical health -0.09 0.22 -0.02 .657 - - - - -
problems (0-10)
Assessment of Quality
of Life
Independent living 3.82 2.40 0.08 A11 - - - - -
Relationships 3.65 247  0.07 140 - - - - -
Coping 541 2.57 0.10 .036 - - - - -
Pain 446 140 014 002 - - - - -
Male  logIL-6 018 042 001 675 001 045 0001 .979  0.001
logCRP 059 041 006 .144 - - - ] ;
;Z;"St'to'h'p ratio (as 009 004 007 .02 009 005 007 .077 0.06
Body mass index 0.14 0.08 0.07 .070 - - - - -
Steps per day (in 004 008 -002 631 -003 009 -001 729  -001
thousands)
0
% energy from 004 008 -002 .660 -0.01 009 -0.01 .892 -0.01
saturated fat
)S/e”;;’ke now (0 no, 1 077 118 002 515 079 129 002 .541 0.02
Alcohol use (reference:
no use)
Safe use 002 085 -0002 .978 064 065 004 .327 0.03
Hazardous use 012 102 -0006 910 -0.10 0.89 -001 .907  0.004
Use at unknown 011 118 0004 924 036 111 001 .748 0.01

quantity



Number of self-reported

physical health -0.09 0.29 -0.02 .680 - - -
problems (0-10)

Assessment of Quality

of Life
Independent living 2.21 2.18  0.05 309 - - -
Relationships 5.20 1.84 0.12 .005 - - -
Coping 548 202 011  .007 - - -
Pain 548 202 011  .007

2 Lifestyle adjusted multivariate Females: F(9,539) = 2.57, p =.009; R2 0458 Males
F(8,542) = 0.72, p = .674, R? = .0068. Excluding CRP and body mass index, as they are
measuring similar latent variable as 1L-6 and waist-to-hip ratio, respectively. For females,
results were the same pattern when CRP (p =.207) was used instead of IL-6, although when
body mass index was used, body mass index was not a significant predictor (p = .577), while
energy from saturated fat remained significant (p = .011). For males, using CRP (p =.370)
instead of IL-6, or body mass index (p =.195) instead of waist-to-hip ratio, did not change
the pattern of results.

b Fully adjusted multivariate Females: F(14,515) = 2.10, p = .010; R? = .0683; Males : F(14,
524) = 0.91, p = .548, R? = .0204. Excluding CRP and body mass index, as they are
measuring similar latent variable as 1L-6 and waist-to-hip ratio, respectively. For females,
results were the same patten when CRP (p = .060) was used instead of IL-6, and when body
mass index was used, body mass index was not a significant predictor (p = .796), while
energy from saturated fat (p = .013) and pain (p = .011) remained significant. For males,
results were the same pattern when CRP (p =.191) was used instead of IL-6 and when BMI
(p =.174) was used instead of waist-to-hip ratio.



Table 4. Association of baseline inflamatory markers, lifestyle factors, physical health and quality of life measures,
no depression (Centre for Epidemiologic Studies Depression Scale [CES-D] scores >16 and <16, respectively), exc!

Age adjusted Lifestyle ac
Gender Predictor variable OR 95% ClI p OR 95% (
Female loglL-6 1.87 1.24 2.81 .003 1.57 0.98
logCRP 096  0.69 1.32 .793 - -
Waist-to-hip ratio (as %) 1.03 1.00 1.07 .075 1.02 0.98
Body mass index 1.03 0.98 1.09 .186 - -
Steps per day (in thousands) 0.99 0.89 1.09 .798 1.03 0.92
% energy from saturated fat 1.07  0.98 1.16 135 1.07  0.98
Smoke now (0 no, 1 yes) 2.88 1.09 7.60 .033 211 0.71
Alcohol use (reference: no use)
Safe use 0.70  0.37 1.32 271 0.58  0.29
Hazardous use 1.03 0.21 5.09 974 0.44 0.05
Use at unknown quantity 1.50 0.63 3.61 .362 1.10 0.39
Number of self-reported physical
health problems (0-10) 120 101 1.42 043 i i
Assessment of Quality of Life - -
Independent living 13.64 3.39 54.98 <.001 - -
Relationships 1299 270 62.50 .001 - -
Coping 7755 1465 41061  <.001 - -
Pain 584 236 1441 <001 - -
Male logIL-6 082 048 1.38 452 076 041
logCRP 138 094 2.03 .098 - -
Waist-to-hip ratio (as %) 1.04 0.99 1.10 .106 1.06  0.99
Body mass index 1.05 0.98 1.13 194 - -
Steps per day (in thousands) 0.98 0.88 1.09 732 099 0.89
% energy from saturated fat 098 0.89 1.08 720 1.00 0.90
Smoke now (0 no, 1 yes) 229 0.74 7.05 149 234  0.63
Alcohol use (reference: no use)
Safe use 092 0.40 2.10 .842 1.28 0.46
Hazardous use 0.88 0.30 2.62 824 0.77 0.20
Use at unknown quantity 0.54 0.11 2.68 449 0.84 0.15
Number of self-reported physical
health problems (0-10) 108 087 1.35 4TS i i
Assessment of Quality of Life
Independent living 37.59 6.65 212.46 <.001 - -
Relationships 39.82 9.03 175.60 <.001 - -
Coping 95.00 14.76 611.65 <.001 - -
Pain 417 136 12.80 013 - -

2 Lifestyle adjusted multivariate Females: ¥%(10) = 13.96, p = .124; pseudo R? = .041, area
under ROC curve = .63; Males y 2(10) = 8.18, p = .52, pseudo R? = .030, area under ROC

curve = .62. Excluding CRP and body mass index, as they are measuring similar latent
variable as IL-6 and waist-to-hip ratio, respectively. For females, when CRP was used instead

of IL-6, CRP was not a significant predictor (p = .409). When body mass index was used
instead of waist-to-hip ratio, body mass index was not a significant predictor (p = .457) and
IL-6 was marginally associated with depression (p =.087). For males, the pattern of results
did not change when using CRP (p = .215) instead of 1L-6 or body mass index (p = .146)

instead of waist-to-hip ratio.



b Fully adjusted multivariate Females: ¥?(14) = 33.94, p = .002; pseudo R? = .103, area under
ROC curve = .73; Males y 2(14) = 28.29, p = .01, pseudo R? = .103, area under ROC curve =
.76. Excluding CRP and body mass index, as they are measuring similar latent variable as IL-
6 and waist-to-hip ratio, respectively. For females, CRP was not a significant predictor (p =
.213) when used instead of IL-6, and BMI was not a significant predictor (p =.714) when
used instead of waist-to-hip ratio. Similar results were observed for males (p = .249 for CRP;
p =.641 for BMI).



Table 6. Mediation results examining either interleukin (IL)-6 or C-reactive protein (CRP) as a
mediator of the relationship between lifestyle factors or psychosocial functioning and the
residual score predicting follow-up depressive symptoms. Predictor variables were selected
from those that were significant predictors in univariate analysis.

Ratio

Indire of
Direct Boostrappe ct Boostrappe effect
effect d95% Cl effect d95% CI (indire

Gend Medi Predictor coeffici (bias coeffic (bias ct:
er ator variable ent corrected) ient corrected) direct)
Femal IL-6 Waist-to-hip ratio 0.1163 0.00 0.21 0.0124 0.00 0.03 0.1066
es 87 85 07 20
% energy from 0.3193 0.11 0.54 0.0117 - 0.04 0.0366
saturated fat %8 8 082 50
Smoke now (Ono, 4.0399 0.31 9.14 0.2492 0.00 0.76 0.0617
1 yes) 73 37 14 12
Assessment of
Quality of Life
Coping 4.8471 - 101 0.5580 0.06 1.34 0.1151
0.48 120 02 06
54
Pain 41087 1.21 7.10 0.3482 - 0.90 0.0847
91 70 0.04 29
88
CRP 0.1374 0.03 0.24 - - 0.00 0.0633
Waist-to-hip ratio 79 65 0.0087 0.02 53
81
% energy from 0.3334 0.11 0.54 - - 0.00 0.0072
95 71 0.0024 0.02 75
saturated fat 61
43750 0.83 9.24 - - 0.06 0.0196
Smoke now (0 no, 17 73 00858 051 08
1 yes)
90
Assessment of
Quality of Life
Coping 56286 0.86 11.2 - - 0.10 -
86 331 0.2235 094 52 0.0397
73
Pain 46695 2.00 7.61 - - 0.09 -
89 64 0.2125 0.71 27 0.0455
93
Males IL-6 0.0940 0.00 0.17 0.0005 - 0.01 0.0053
Waist-to-hip ratio 28 89 001 81
95
Assessment of
Quality of Life
Relationships 5.1542 1.75 9.28 0.0488 - 0.48 0.0095
53 03 025 00
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Coping 54587 150 9.17 0.0207 - 0.40 0.0038
81 26 031 21
31
Pain 1.8032 - 411 0.0329 - 0.29 0.0182
032 59 0.09 39
46 22
CRP 0.0813 - 016 0.0131 - 0.04 0.1611
Waist-to-hip ratio 0.00 27 0.00 06
27 72
Assessment of
Quality of Life
Relationships 49092 143 850 0.2937 - 1.00 0.0598
76 99 0.00 72
33
Coping 52157 142 9.09 0.2637 - 1.10 0.0506
99 02 0.04 67
77
Pain 1.5825 - 377 0.2535 - 0.80 0.1602
070 93 001 73
76 53
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Supplementary table 1. Association of lifestyle factors, physical illness and quality of life, with interleukin (IL)-6; adjusted for age only, age and lifestyle, and fully adjusted with all
predictors.

Adjusted for age Lifestyle adjusted ? Fully adjusted ®
Gender Predictor variable b Robgsé B p b Robgsé B p pafteiglr b Robgsé B p paft&;ranllr
Female CES-D 0.011 0.003 0.135 <.001 - - - - - - - - - -
CRP 0.287 0.027 0374 <.001 - - - - - - - - - -
Waist-to-hip ratio (as %) 0.011 0.004 0.113 .003 0.006 0.004 0.061 110 0.059 0.003 0.004 0.037 .345 0.035
Body mass index 0.033 0.004 0.271 <.001 - - - - - - - - - -
Steps per day (in thousands) -0.049  0.008 -0.240 <.001 -0.046 0.009 -0.222 <.001 -0.205 -0.042 0.009 -0.204 <.001 -0.185
% energy from saturated fat 0.015 0.007 0.076 .040 0.014 0.008 0.072 .063 0.071 0.012 0.008 0.060 119 0.059
Smoke now (0 no, 1 yes) 0.351 0.117 0.125 .003 0.285 0120 0.104 .018 0.102 0.275 0.125 0.103 .028 0.100
Alcohol use (reference: no
use)
Safe use -0.118  0.060 -0.089 049 -0.082 0.062 -0.061 184 -0.051 -0.048 0.061 -0.036 428 -0.030
Hazardous use -0.034 0.122 -0.010 779  -0.026  0.127 -0.007 .838 -0.007 -0.016 0.130 -0.005 901 -0.004
Use at unknown -0.072  0.092 -0.034 433 -0.065 0.099 -0.028 515 -0.025 -0.014 0.102 -0.005 911 -0.004
guantity
Number of self-reported 0.042 0.017 0.094 .016 - - - - - -0.002 0.021 -0.005 917 -0.004
physical health problems
(0-10)
Assessment of Quality of
Life
Independent living 0.652 0.144 0.180 <.001 - - - - - 0.078 0.201 0.021 .700 0.015
Relationships 0540 0.150 0.144 <001 - - - - - 0.112 0.190 0.029 555 0.023
Coping 0.492 0.128 0.128 <.001 - - - - - 0.281 0.172 0.070 103 0.059
Pain 0371 0.089 0.161 <.001 - - - - - 0.206 0.123 0.089 .094 0.066
Male CES-D 0.003 0.003 0.031 393 - - - - - - - - - -
CRP 0.293 0.027 0369 <.001 - - - - - - - - - -
Waist-to-hip ratio (as %) 0.019 0.004 0.180 <001 0.018 0.004 0.164 <.001 0.160 0.014 0.004 0.130 .001 0.121
Body mass index 0.029 0.005 0.188 <.001
Steps per day (in thousands) -0.021  0.007 -0.113 .003 -0.013 0.008 -0.072 079 -0.066 -0.008 0.008 -0.043 .308 -0.038
% energy from saturated fat  -0.005 0.007 -0.024 506 -0.004 0.008 -0.019 612 -0.019 -0.003 0.008 -0.013 720 -0.013



Smoke now (0 no, 1 yes)
Alcohol use (reference: no
use)
Safe use
Hazardous use
Use at unknown
guantity
Number of self-reported
physical health problems
(0-10)
Assessment of Quality of
Life
Independent living
Relationships
Coping
Pain

0.157

-0.023
0.071
0.025

0.057

0.617
0.361
0.355
0.267

0.095

0.064
0.080
0.100

0.016

0.122
0.137
0.145
0.086

0.055

-0.018
0.043
0.011

0.123

0.164
0.102
0.086
0.111

.098

.726
374
.806

<.001

<.001
.009
.014
.002

0.036

-0.037
-0.039
-0.052

0.097

0.070
0.084
0.107

0.013

-0.029
-0.024
-0.022

.708

.598
643
.628

0.012

-0.019
-0.017
-0.018

0.0002

-0.019
-0.050
-0.036

0.045

0.407
0.136
-0.131
-0.020

0.102

0.073
0.086
0.108

0.020

0.206
0.219
0.227
0.126

0.0001

-0.015
-0.031
-0.015

0.096

0.105
0.038
-0.031
-0.008

.998

797
.566
741

.026

.049
.535
.564
873

0.0001

-0.010
-0.021
-0.012

0.084

0.072
0.029
-0.025
-0.007

2 Lifestyle adjusted multivariate, females: F(8,603) = 9.67, p <.001, R? = .125; males: F(8, 597) = 13.27, p <.001, R? = .133. Excluding CRP and body mass
index, as they are measuring similar latent variables as IL-6 and waist-to-hip ratio, respectively. For both females and males, using body mass index instead of
waist-to-hip ratio did not change the pattern of results, except that body mass index was a significant predictor (p <.001).

b Fully adjusted multivariate, females: F(13,576)=6.82, p < .001, R? = .145; males F(13,573) = 9.28, p <.001, R? = .156. Excluding CRP and body mass

index, as they are measuring similar latent variables as IL-6 and waist-to-hip ratio, respectively. Using body masss index instead of waist-to-hip ratio did not
change the pattern of results, except that body mass index was a significant predictor (p < .001) for females, and for males body mass index was a significant
predictor (p =.004) and Independent Living was no longer significant (p = .102).
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Supplementary table 2. Association of lifestyle factors, physical illness and quality of life, with C-reactive protein (CRP); adjusted for age only, age and lifestyle, and fully adjusted
with all predictors.

Adjusted for age Lifestyle adjusted ? Fully adjusted °
Semi- Semi-
Gender Predictor variable b  Robust B p b  Robust B P  partial b  Robust B p partial
SE SE r SE r
Female CES-D 0.014 0.004 0.130 .001 - - - - - - - - - -
IL-6 0.508 0.051 0.390 <.001 - - - - - - - - - -
Waist-to-hip ratio (as %) 0.018 0.006  0.147 .002 0.012 0.006  0.097 044 0.096 0.010 0.006  0.084 .088 0.080
Body mass index 0.063 0.006 0.398 <.001 - - - - - - - - - -
Steps per day (in -0.057 0.011 -0.211 <.001 -0.051 0.012 -0.189 <.001 -0.190 -0.047 0.013 -0.174 <.001 -0.158
thousands)
% energy from saturated fat ~ 0.020 0.010 0.079 .034 0.011 0.010 0.044 .249 0.047  0.009 0.010 0.033 399 0.032
Smoke now (0 no, 1 yes) 0.242 0.137  0.066 .078  0.175 0.012 0.049 219 0.048 0.149 0.144 0.042 301 0.041
Alcohol use (reference: no
use)
Safe use -0.192 0.076 -0.112 012 -0.189 0.079 -0.108 017 -0.089 -0.164 0.080 -0.093 .040 -0.077
Hazardous use 0.016 0.157  0.003 918  0.070 0.163  0.015 .666 0.014 0.075 0.163 0.016 .646 0.015
Use at unknown -0.254 0.112 -0.092 024 -0.294 0.131 -0.110 024 -0.096 -0.227 0.138 -0.074 101 -0.064
quantity
Number of self-reported 0.025 0.023 0.043 281 - - - - - -0.028 0.028 -0.049 317 -0.042
physical health problems
(0-10)
Assessment of Quality of
Life
Independent living 0.637 0.195 0.135 .001 - - - - - 0.081 0.299 0.016 787 0.012
Relationships 0.637 0.196 0.130 .001 - - - - - 0.329 0.260  0.065 .206 0.050
Coping 0.558 0.193 0.112 .004 - - - - - -0.005 0.246 -0.001 .985 -0.001
Pain 0.399 0.116  0.132 .001 - - - - - 0.296 0.166  0.097 074 0.072
Male CES-D 0.009 0.004 0.085 .059 - - - - - - - - - -
IL-6 0.534 0.054 0424 <.001 - - - - - - - - - -
Waist-to-hip ratio (as %) 0.029 0.005 0.213 <.001 0.026 0.005 0.192 <.001 0.185 0.022 0.006 0.158 <.001 0.147
Body mass index 0.065 0.007 0.334 <.001
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Steps per day (in
thousands)
% energy from saturated fat
Smoke now (0 no, 1 yes)
Alcohol use (reference: no
use)
Safe use
Hazardous use
Use at unknown
quantity
Number of self-reported
physical health problems
(0-10)
Assessment of Quality of
Life
Independent living
Relationships
Coping
Pain

-0.028

0.012
0.266

-0.173
-0.023
0.053

0.038

1.295
0.469
0.499
0.507

0.010

0.010
0.132

0.085
0.109
0.129

0.022

0.191
0.176
0.201
0.122

-0.117

0.049
0.076

-0.108
-0.011
0.018

0.065

0.275
0.106
0.097
0.168

.006

.208
.045

.042
.830
.681

.085

<.001
.008
.013
<.001

-0.015

0.010
0.215

-0.173
-0.122
0.035

0.010

0.010
0.145

0.091
0.117
0.141

-0.064

0.049
0.058

-0.107
-0.060
0.011

141

220
139

.058
295
.805

-0.060

0.050
0.059

-0.073
-0.042
0.010

-0.008

0.013
0.087

-0.166
-0.189
0.013

-0.019

1.389
-0.155
-0.439
-0.012

0.010

0.010
0.143

0.095
0.119
0.145

0.026

0.302
0.245
0.254
0.163

-0.033

0.049
0.023

-0.102
-0.092
0.004

-0.032

0.284
-0.034
-0.083
-0.004

434

.208
.540

.080
112
929

461

<.001
528
.085
943

-0.029

0.048
0.022

-0.067
-0.062
0.004

-0.028

0.195
-0.026
-0.067
-0.003

2 Lifestyle adjusted multivariate females, F(8,612) = 5.81, p <.001, R? = .072; males F(8,597) = 5.06, p < .001, R? = .063. Excluding IL-6 and body mass

index, as they are measuring similar latent variables as IL-6 and waist-to-hip ratio, respectively. For females, using body mass index instead of waist-to-hip
ratio lead to a different pattern of results, where only body mass index (p <.001) and alcohol use at an unknown quantity (p = .023) were significant
predictors. For males, adding body mass index instead of waist-to-hip ratio, body mass index was significant (p < .001), with no other significant predictors.

b Fully adjusted multivariate females, F(13, 576) = 4.22, p < .001, R? = .086; males F(13,573) = 5.28, p <.001, R? = .109. Excluding IL-6 and body mass

index, as they are measuring similar latent variables as IL-6 and waist-to-hip ratio, respectively. For females, using body mass index instead of waist-to-hip

ratio resulted in different significant predictors: body mass index (p < .001), Independent Living (p = .030) and Pain (p = .016). For males, the pattern of

results remained the same when body mass index was used instead of waist-to-hip ratio (body mass index p < .001).
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Supplementary table 3. Association of baseline inflammatory markers and lifestyle factors, physical illness and quality of life, with baseline depressive symptoms (Centre for
Epidemiologic Studies Depression Scale; CES-D); adjusted for age only, age and lifestyle, and fully adjusted with all predictors.

Adjusted for age Fully adjusted # Fully adjusted °
Gender Semi- Semi-
Robust Robust partial Robust partial
Predictor variable b SE B p b SE B p r b SE B p r
Female loglL-6 1.712 0.480 0.143 <001 1.523 0.517 0.129 .003 0.120 0.445 0.421 0.038 295 0.035
logCRP 1.199 0.396  0.130 .003 - - - - - - - - - -
Waist-to-hip ratio (as %)  0.148 0.052 0.129 005 0.119 0.058 0.105 .039 0.101 0.054 0.039 0.048 172 0.045
Body mass index 0.193 0.071 0.135 .007 - - - - - - - - - -
Steps per day (in -0.084 0.114 -0.034 463  0.025 0.118 0.010 831 0.009 0.118 0.088 0.048 184 0.043
thousands)
% energy from saturated  0.231 0.113  0.097 .041 0.165 0.115 0.070 152 0.069 0.064 0.083 0.027 441 0.027
fat
Smoke now (0 no, 1 3.280 1.500 0.101 029 2243 1569 0.071 153 0.069 1.887 1.234 0.060 127 0.059
yes)
Alcohol use (reference:
Nno use)
Safe use -1.071 0.771 -0.068 165  -0.496 0.787 -0.031 529 -0.026 -0.284 0.630 -0.018 .652 -0.015
Hazardous use 0.896 1.555 0.020 565  0.566 1552 0.013 .716 0.012 0.741 1.538 0.017 .630 0.016
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Use at unknown -1.446 1.092 -0.056 186 -0.760 1.361 -0.027 577 -0.024 -1.066 1.170 -0.038 .362 -0.033
quantity
Number of self-reported 0.976 0.233 0.183 <.001 - - - - - 0.379 0.205 0.072 .065 0.062
physical health
problems (0-10)
Assessment of Quality
of Life
Independent living  12.693 1.967 0.289 <.001 - - - - - -3.837 2.371 -0.086 .106 -0.061
Relationships 21.583 1.994 0474 <.001 - - - - - 10.906 2.217 0.237 <.001 0.185
Coping 28.819 2024 0615 <.001 - - - - - 23.210 2.530 0.485 <.001 0.413
Pain 8.450 1.214 0.302 <.001 - - - - - 2.264 1.266 0.082 074 0.060
Male logIL-6 0.448 0.525 0.036 393  -0.052 0.528 -0.004 922 -0.004 -0.860 0.436 -0.070 .050 -0.064
logCRP 0.843 0.428  0.085 .049 - - - - - - - - - -
Waist-to-hip ratio (as %)  0.182 0.057 0.134 .001 0.133 0.063  0.097 .034 0.092 0.051 0.051 0.038 323 0.035
Body mass index 0.352 0.087 0.178 .000 - - - - - - - - - -
Steps per day (in -0.293 0.100 -0.123 .003 -0.212 0.099 -0.090 .033 -0.082 0.063 0.071 0.027 371 0.024
thousands)
% energy from saturated  0.208 0.095 0.085 029 0.219 0.103  0.086 .033 0.085 0.102 0.080 0.041 202 0.040
fat
Smoke now (0 no, 1 1.294 1.357 0.036 341 1.279 1574  0.035 417 0.034 0.018 1.059  0.0004 .987 0.001

yes)
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Alcohol use (reference:
Nno use)

Safe use
Hazardous use

Use at unknown
quantity

Number of self-reported
physical health
problems (0-10)

Assessment of Quality
of Life

Independent living
Relationships
Coping

Pain

-0.234
0.728

3.969

1.379

22.724
22.342
30.658

11.318

0.838

1.091

1.750

0.289

2.581

2.503

2.378

1.553

-0.014

0.035

0.126

0.238

0.474

0.508

0.585

0.379

.780

.505

.024

<.001

<.001

<.001

<.001

<.001

-0.072

0.064

3.242

0.889

1.200

1.800

-0.004

0.031

0.102

935

594

.072

0.003

0.021

0.086

0.325

0.298

2.019

0.310

2.768

8.673

20.575

3.858

0.675

0.968

1.346

0.237

2.956

2.902

2.896

1.411

0.020

0.015

0.064

0.053

0.057

0.193

0.398

0.127

.630

.759

134

191

.349

.003

<.001

<.001

0.014

0.010

0.053

0.046

0.039

0.150

0.319

0.099

aLifestyle adjusted multivariate females: F(9,558) = 2.69, p = .005, R? = .049; males: F(9,574) = 2.82, p = .002, R? = .044. Excluding CRP and body mass
index, as they are measuring similar latent variables as IL-6 and waist-to-hip ratio, respectively. For females,using body mass index instead of waist-to-hip
ratio, body mass index was not significant (p = .118), but the pattern for other predictors remained the same. Using CRP (p = .030) instead of IL-6 also did

not change the pattern of results. For males, using body mass index instead of waist-to-hip ratio, body mass index (p = .003) and energy from saturated fat (p

=.043) were significant, and steps per day (p = .073) trended to significance. Using CRP (p = .584) instead of IL-6 did not change the pattern of results.

b Fully adjusted multivariate females: F(14, 541) = 17.66, p < .001, R? = .045; males: F(14,545) = 14.72, p < .001, R? = .423. Excluding CRP and body mass
index, as they are measuring similar latent variables as IL-6 and waist-to-hip ratio, respectively. For females, using body mass index instead of waist-to-hip
ratio or CRP instead of IL-6 did not change the patterns of results, except neither were significant predictors (body mass index p = .628; CRP p =.201). For
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males, using body mass index instead of waist-to-hip ratio, body mass index was not a significant predictor (p = .988), IL-6 was no longer a signficiant
predictor (p =.072), and other predictors remained the same. Using CRP instead of IL-6, the pattern of results remained the same, although CRP was not
significant (p = .443).
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