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Abstract

Purpose Leptin influences inflammation and tumor growth and leptin signaling is often dysregulated among obese breast cancer
survivors. This leads to a lack of satiety and, ultimately, risk for further weight gain. Breast cancer survivors also experience high
rates of depression and anxiety, which are linked to leptin production. This study examined how a woman’s anxiety and
depressive symptoms, in combination with their obesity status, were associated with leptin.

Methods Breast cancer survivors (n =200, stages 0—I1la) completed a baseline visit before treatment and two follow-up visits, 6
and 18 months after treatment ended. Women completed anxiety and depression measures, and blood samples provided leptin
data at each visit. This study related fluctuations in a survivor’s own depression and anxiety (i.e., within-person effects), as well as
average effects of depression and anxiety (i.e., between-person effects) to changes in leptin depending on BMI.

Results Obese survivors’ leptin was significantly higher at visits when they had higher anxiety and depression symptoms than
their own average level of symptoms. In contrast, within-person fluctuations in depression and anxiety were not related to leptin
levels among non-obese survivors. No significant between-person effects of depression or anxiety on leptin emerged.
Conclusions Leptin is a critical risk factor for recurrence and further health consequences. Our findings highlight how psycho-
logical health influences leptin production among breast cancer survivors.

Implications for Cancer Survivors These results highlight a biological pathway that may facilitate further weight gain and health

risks among distressed, obese breast cancer survivors.
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Introduction

Breast cancer survivors experience serious psychological and
physical health risks during survivorship [1]. Obesity am-
plifies these risks, heightening risk for hypertension, diabetes,
coronary artery disease, and kidney disease [2]. Notably, obe-
sity also increases the risk for breast cancer recurrence and
obese breast cancer survivors are 30% more likely to die pre-
maturely compared to their non-obese counterparts [3, 4].
These risks highlight the importance of targeting obesity in
both cancer survivorship research and intervention and under-
standing the biological mechanisms by which obesity confers
risk so that these processes can be disrupted.

Leptin, an important biological mechanism underlying
obesity, regulates energy intake and suppresses food con-
sumption in conjunction with other peptide hormones [5].
Leptin crosses the blood-brain barrier in response to fat con-
sumption, signaling to the hypothalamus that satiety has been
achieved [6, 7]. For non-obese people, high leptin levels are
adaptive because high leptin helps regulate hunger and
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weight. However, people can become leptin-resistant, a phe-
nomenon that frequently co-occurs with obesity in which cells
become less responsive to leptin. In these situations, satiety
signals do not reach the brain, ultimately resulting in a contin-
ued desire to eat [8—11]. In short, higher leptin levels may only
be adaptive among non-obese individuals. Thus, it is critical to
know a person’s obesity status when examining leptin trajec-
tories over time.

Fatigue, a common problem among breast cancer survi-
vors, decreases the likelihood of engaging in physical activity,
thereby fueling weight gain [12]. Weight gain among breast
cancer survivors is common, contributing to heightened risk
for obesity. Obesity can increase risk for cardiovascular mor-
bidity among breast cancer survivors [13]. Leptin levels also
impact health outcomes in breast cancer survivorship. High
leptin levels increase cell proliferation and transformation in
breast cancer, thus promoting both tumor development and
growth [14-18]. Research also suggests that leptin increases
breast cancer risk [19]. Thus, although dysregulated leptin
production presents risks for both physically healthy women
and breast cancer survivors, dysregulated leptin among survi-
vors poses an additional threat to their physical wellbeing and
quality of life by increasing risk for morbidity and mortality.

Along with weight gain, breast cancer survivors also com-
monly experience psychological distress throughout survivor-
ship [20-23]. Psychological distress, including depressive and
anxiety symptoms, can influence leptin production. Animal
models highlight low leptin as a significant correlate of high
anxiety [24]. Among humans, evidence has linked low leptin
to higher anxiety and depressive symptoms independent of
body mass index (BMI) [25]. Among pre-menopausal, phys-
ically healthy women, higher depressive, and anxiety symp-
toms were associated with lower leptin while controlling for
BMI [26]. Women diagnosed with panic disorder also had
lower levels of resting leptin compared to psychologically
healthy controls [27]. One limitation of this prior work is that
BMI has typically served as a covariate, thus not fully ac-
counting for the role that obesity plays in leptin dysregulation,
as described above. One study testing interactions between
BMI and depressive symptoms among healthy adults found
that higher depressive symptoms were associated with low
and high fasting leptin among normal weight and overweight
adults, respectively [28].

Anxiety and depression can impair survivors’ physical
functioning and quality of life. Furthermore, these psycho-
logical experiences are highly individualized, and what one
woman considers a normal level of depression or anxiety
may be very high or low for another woman. The current
study used a novel approach to examine how anxiety and
depression are associated with fasting leptin in breast cancer
survivors across three visits. We assessed how both
between-person differences in depression and anxiety
levels and within-person changes in depression and anxiety
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over time, related to fluctuations in leptin across visits. The
between-person component examines the relationship be-
tween anxiety/depression and leptin for one woman relative
to another. In contrast, the within-person component pro-
vides a unique opportunity to understand changes in a sur-
vivor’s own depression and anxiety change before and after
treatment in addition to how these changes relate to leptin
across survivorship. Given that BMI is an important driver
ofleptin production, we also tested whether BMI moderated
the between- and within-person effects of depression and
anxiety on leptin. We hypothesized that the links between
depression and anxiety and leptin would be stronger in
obese survivors than non-obese survivors.

Methods

Participants and procedure

Participants were women with a breast cancer diagnosis (n =
200, stages 0—IIla) recruited from cancer clinics for a longitu-

dinal parent study on fatigue and immune dysregulation.
Sample characteristics are presented in Table 1. Women were

Table 1  Baseline characteristics of breast cancer survivors (N =200)
Mean (SD) Number (%)
Age 55.97 (11.53)
BMI 28.75 (7.24)
Underweight (BMI < 18.5) — 2 (1.0%)
Normal Weight (BMI 18.5-24.9) - 74 (37.0%)
Overweight (BMI 25.0-29.9) - 54 (27.0%)
Obese (BMI > 30.0) - 70 (35.0%)
Physical comorbidities 78 (1.31)
Race
White - 155 (77.5%)
Black - 32 (16.0%)
Asian American - 8 (4.0%)
Other - 5(2.5%)
Cancer stage
0 - 37 (18.5%)
1 - 89 (44.5%)
I - 54 (27.0%)
JIIE — 18 (9.0%)
Cancer treatment
Surgery only - 60 (30.0%)
Radiation and surgery - 53 (26.5%)
Chemotherapy and surgery - 33 (16.5%)
Radiation, chemotherapy, and surgery — 52 (26.0%)

No longer menstruating - 125 (62.5%)

SD, standard deviation; BMI, body mass index
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recruited within 1-3 months after their diagnosis to complete
(a) a baseline visit before cancer treatment and (b) two follow-
up visits, 6 and 18 months after treatment ended. Visit 2 oc-
curred, on average, a little over 1 year (M= 13.45 months,
SD =5.43) following the first visit while visit 3 occurred ap-
proximately 1 year following visit 2 (M = 12.10 months, SD =
3.33). Women completed self-report questionnaires and pro-
vided a blood sample at each visit. Exclusion criteria included
a diagnosis of stage IV breast cancer, a history of cancer ex-
cept basal or squamous cell skin carcinomas and significant
visual, auditory, or cognitive impairments. The Ohio State
University Institutional Review Board approved the project
and all participants provided written informed consent.

Predictors and moderators

Anxiety The 21-item Beck Anxiety Inventory (BAI) asked
women to rate how frequently they experienced anxiety symp-
toms over the last month [29]. Scores on the BAI range from 0
to 63 with higher scores indicating greater anxiety symptoms.
Cronbach’s « for the BAI ranged from .79 to .85 across the
three visits.

Depression The Center for Epidemiologic Studies Depression
Scale (CES-D), commonly used in cancer patients, provided
data on women’s depressive symptoms [30]. The CES-D is a
20-item scale that asks participants to indicate the frequency at
which they experienced depressive symptoms over the past
week. Scores on the CES-D range from 0 to 60 with higher
scores indicating greater depressive symptoms. Cronbach’s «
for the CES-D ranged from .89 to .91 across the three visits.

Body mass index Height and weight data from each visit were
measured by a nurse and used to calculate BMI, which served
as the moderator in all analyses. Consistent with prior re-
search, BMI category was dichotomized for all moderation
analyses (obese > 30/not obese < 30) [3, 26, 31, 32].

Covariates

Potential confounds were included based on their theoret-
ical and empirical relationships to anxiety, depression,
and leptin. All models adjusted for treatment type, cancer
stage, physical comorbidities, sleep, age, and post-
menopausal status. The widely used Charlson comorbidity
index, originally developed with breast cancer patients,
provided data on physical comorbidities [33]. The mea-
sure assigns weight to 19 medical conditions (range, 1 to
37), with greater scores equal to greater comorbidity bur-
den. The Insomnia Severity Index (ISI) provided data on
sleep [34]. Scores on the ISI range from 0 to 28 with
higher scores representing greater sleep difficulties.

Leptin collection

Fasting blood samples were collected between 7:00 and
10:00 AM. All blood samples for a woman were analyzed
within the same assay run. Determinations for leptin were
made using RIA kit instructions (Milipore Corporation, St.
Charles, MO 63304). For leptin, the intra-assay coefficient
of variation (CV) was 4.2% and inter-assay CV was 4.5%.
Leptin sensitivity was 0.5 ng/ml. Leptin data was log trans-
formed to better approximate normality of residuals.

Analytic plan

The sample size for this study was determined by a power
analysis conducted for the parent study. SPSS Version 26
was used to conduct all analyses. Preliminary analyses exam-
ined correlations between and among the main study vari-
ables. Growth models examined trajectories of change in the
key variables across visits using time as the predictor of de-
pression, anxiety, BMI, and leptin.

Mixed linear models tested the primary hypothesis that
depression or anxiety interact with BMI to predict leptin.
This modeling approach accounted for the non-
independence in participants’ data (i.e., the correlation be-
tween an individual’s scores on the same variable over time)
and maximized the use of existing data by including all par-
ticipants in the analyses, regardless of missing data points
[35]; the mixed models used restricted maximum likelihood
estimation, and a subject-specific random intercept captured
the within-subject correlation. Depression, anxiety, and leptin
were assessed at each visit, allowing for within-person and
between-person analyses. Variables at the within-person level
were person-centered so that participants’ scores at each visit
reflected how much higher or lower their depression and anx-
iety deviated from their own average across the study [36]. At
the between-person level, depression and anxiety were grand-
mean centered to represent the average associations between
psychological distress and leptin across persons throughout
the study. The within- and between-person effects of depres-
sion and anxiety were separated out by including the person-
centered variable at level 1 and the between-person variable at
level 2. Consistent with previous research, BMI was dichoto-
mized (obese = BMI > 30, non-obese = BMI < 30) and entered
as an interacting variable in all models [3, 26, 31, 32].
Significant interacting effects were probed separately for
obese and non-obese women. Models that included the inter-
action of BMI and between-person depression or anxiety did
not converge and thus these interactions were removed from
the final models.

Each model adjusted for physical comorbidities, age, sleep,
post-menopausal status (yes; no), and visit (1; 2; 3) as time-
varying (level 1) covariates, as well as treatment type (surgery
only; radiation and surgery; chemotherapy and surgery; and
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radiation, chemotherapy, and surgery) and cancer stage (0; I;
II; ITa) as time-invariant (level 2) covariates. All covariates
were included in the final models. Continuous covariates were
grand-mean centered to improve interpretability of the
intercepts.

Results
Descriptive statistics

Table 1 provides descriptive statistics and frequencies of all
control variables. Table 2 presents the means and standard
deviations of the CES-D, BAI, and leptin at each visit.
Across all survivors, growth models revealed that leptin did
not change significantly across visits (b =—.06, SE=.07,
p =.35). Depression (b =4.85, SE=.72, p <.001) and anxiety
(b =2.76, SE=.59, p <.001) both decreased across visits.
BMI increased significantly across visits (b =.35, SE=.22,
p <.01). Table 3 provides bivariate correlations among de-
pression, anxiety, leptin, BMI, and each covariate at visit 1.

Main effects of anxiety and depression predicting
leptin across visits

Anxiety Between-person fluctuations in anxiety did not signif-
icantly predict leptin (b =—10.94, SE=321.34, p =.97).
During visits in which a woman’s anxiety was higher than
her average (i.e., within-person effects), she had higher leptin
relative to visits when her anxiety was lower than her average
(b=1317.14, SE=354.41, p <.001).

Depression Between-person fluctuations in depression did not
significantly predict leptin (b = 618.71, SE =274.24, p =.06).
During visits in which a woman’s depressive symptoms were
higher than her average (i.e., within-person effects), she had
higher leptin relative to visits when her depressive symptoms
were lower than her average (b =1023.52, SE=310.61,
p<.01).

Table 2 Study variable means and standard deviations (N =200)
Visit 1 Visit 2 Visit 3
Anxiety 11.91 (9.5) 9.68 (8.8) 9.09 (8.0)
Depression 11.36 (7.6) 7.20 (7.3) 7.04 (7.0)
Leptin 40.52 (42.17) 38.58 (36.06) 52.92 (69.98)
BMI 29.00 (7.30) 28.48 (7.07) 28.73 (7.14)

BMI, body mass index. Anxiety was measured using the Beck Anxiety
Inventory. Depression was measured using the Center for
Epidemiological Studies Depression Scale. Leptin means and standard
deviations are measured in ng/ml and represent values prior to natural
log transformation
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Covariates In models with only the covariates included to
predict leptin, post-menopausal survivors had significantly
higher leptin compared to pre-menopausal women (b =
—.20, SE =.09, p =.02). Physical comorbidities, cancer stage,
treatment, and age were not related to leptin (all ps > .25).

Moderating effect of BMI on links between
depression/anxiety and leptin

Anxiety BMI significantly interacted with anxiety at the
within-person level to predict leptin (b =1235.38, SE=
449.22, p <.01). As shown in Fig. 1, obese survivors’ leptin
was higher at visits where they were more anxious than usual
compared to visits where they were less anxious than usual
(b=1317.14,SE=354.41, p <.001). In contrast, leptin levels
did not differ based upon within-person anxiety for non-obese
survivors (b =81.76, SE =305.85, p =.79).

Depression The interaction between obesity and within-
person depressive symptoms predicting leptin is presented in
Fig. 2. Fluctuations in depressive symptoms at the within-
person level interacted with BMI to predict leptin (b =
940.88, SE =382.28, p =.02). Specifically, obese survivors
had higher leptin levels at visits where their depressive symp-
toms were higher than usual compared to visits when their
depressive symptoms were lower than usual (b =1023.52,
SE=310.61, p <.01). The association between depression
and leptin was not significant for non-obese survivors (b =
82.65, SE=239.30, p =.73).

Discussion

Consistent with our hypotheses, this study demonstrated that at
times when breast cancer survivors experienced higher than their
usual levels of anxiety and depressive symptoms, they had higher
leptin relative to when they were experiencing lower than usual
levels (a within-person effect). This effect was moderated by
BMI, such that within-person fluctuations in anxiety and depres-
sive symptoms predicted leptin among obese, but non-obese,
survivors. In contrast to these within-person effects, how a
woman’s depressive or anxiety symptoms compared to other
survivors (between-person effects) was not associated with leptin
levels. Accordingly, these results demonstrate how individual-
level psychological functioning is related to leptin. These find-
ings illustrate the utility of a within-person approach to examine
how changes in a survivor’s own symptoms impact leptin, and
ultimately health, across time.

Among obese survivors, at visits where women had higher
anxiety and depression compared to their own average, they
also had higher fasting leptin. This is important because ele-
vated leptin among obese survivors poses significant threats to
their health and mortality, including increased risk for
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Table 3 Baseline correlations

among study variables 1 2 3 4 5 6 7 8 9
1. Depression -
2. Anxiety 6%
3. BMI 14% 18 -
4. Leptin A1 .09 .66+
5. Age —30%* = 25%* .02 18% -
6. Comorbidities .01 5% .04 .05 19* -
7. Menopause -.09 -.07 12 9% .68%* 13 -
8. Cancer Tx 12 16%* .08 .07 —.15% 02 -.12 -
9. Stage .02 .04 20%% 267 -.02 .00 .01 457 -

*p <.05, **p <.001; BMI, body mass index; Cancer Tx, cancer treatment type; Stage, cancer stage. Depression
was measured using the Center for Epidemiological Studies- Depression scale. Anxiety was measured using the
Beck Anxiety Inventory. Correlations with leptin were conducted using untransformed values. BMI was treated as
a continuous variable in these correlations

inflammation, weight gain, and cancer recurrence [37, 38].
Elevated leptin and leptin resistance among obese survivors
may contribute to engagement in unhealthy behaviors such as
overeating and a sedentary lifestyle. These behaviors increase
the likelihood of experiencing long-term health risks through-
out survivorship along with continued obesity. Obesity can
also increase risk for cardiovascular morbidity among breast
cancer survivors [13]. More broadly, leptin signals immune
cells to activate, promoting the release of proinflammatory
cytokines [38]. Inflammation contributes to tumor initiation,
growth, and metastases, ultimately resulting in poorer progno-
ses, risk for recurrence, and reduced survival among cancer
patients [39—41]. Inflammation also has bidirectional associa-
tions with both depressive and anxiety symptoms [42, 43].
Importantly, inflammation also contributes to leptin resistance
[44, 45]. Future research should seek to understand the inter-
relationships among inflammation, leptin resistance, and psy-
chological distress such as anxiety or depression. Taken to-
gether, our findings therefore highlight the biological under-
pinnings of how obesity may increase morbidity and mortality
among breast cancer survivors.

Fig. 1 The Interaction between

obesity status (obese vs. non- 188
obese) and anxiety. Within-

person fluctuations (e.g., how a 80
woman’s anxiety differed from 70
her own average) in BAI are rep- - 60
resented in this graph. Leptin 3 50
levels were significantly higher 9 40
among obese survivors compared

no non-obese survivors regardless 30
of their anxiety (p <.01). 20
Untransformed leptin values were 10
used in this figure and values are 0

measured as ng/ml

This study is the first to examine depression and anxiety’s
associations with leptin among breast cancer survivors.
Previous researches testing the influence of psychological fac-
tors such as depression and anxiety on leptin remain limited.
Generally, depression and anxiety are associated with low
leptin among physically healthy adults, but many studies con-
trol for BMI and do not test differences between obese and
non-obese people despite research suggesting leptin functions
differently in obese individuals [25-27]. Women’s leptin
levels in this study were higher than previous research among
physically healthy women [46]. Although research on normal
levels of leptin is sparse, some research suggests that leptin is
higher among women with breast cancer compared to physi-
cally healthy controls, likely accounting for the higher levels
found among the survivors in this study [19]. High leptin
promotes tumor development and growth along with cardio-
vascular morbidity among breast cancer survivors, contribut-
ing to increased risk for comorbid conditions, reduced quality
of life, and mortality [14—18].

Our study extends findings where depressive symptoms
predicted lower and higher leptin among normal weight and

Low Anxiety High Anxiety

= = Non-obese
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Fig. 2 The interaction between 100
obesity status (obese vs. non- %
obese) and depression. Within-

person fluctuations (e.g., how a 80
woman’s depression differed 70
from her own average) in CES-D - 60
are represented in this graph. g 50
Leptin levels were significantly 9 40
higher among obese survivors

compared no non-obese survivors 30
regardless of their depression 20
(p <.01). Untransformed leptin 10
values were used in this figure 0

and values are measured as ng/ml

overweight adults with diabetes, respectively [28]. Breast can-
cer survivors experience increased risk for depression and
anxiety, both of which contribute to significant downstream
health consequences including obesity [1]. These results un-
derscore the need for screening and treating depression and
anxiety in breast cancer survivors, in line with recommenda-
tions from the American Society of Clinical Oncology and
accreditation standards for cancer facilities set forth by the
American College of Surgeons Commission on Cancer [47,
48]. Understanding psychological pathways that may enhance
or exacerbate obesity and its health risks in survivors provides
novel information regarding potential preventative physical
and psychological interventions.

This study had several strengths. First, this study’s design
allowed us to test how depression, anxiety, and leptin changed
from diagnosis to 18 months after treatment. Our longitudinal
design provided a way to examine both within- and between-
person changes in anxiety and depression. Previous research is
mixed on whether leptin is typically higher or lower in breast
cancer, possibly due to the role of intervening factors such as
cancer stage and menopause status [19, 49, 50]. Depression
and anxiety in this study were linked to leptin after adjusting
for age, physical comorbidities, menopause status, cancer
stage, sleep, and treatment. Limitations include the fact that
the women were not particularly diverse in terms of race and
ethnicity. The breast cancer survivors in this study endorsed
relatively low rates of depressive and anxiety symptoms, and
these results therefore may not be generalizable to women
with diagnosable depressive and anxiety disorders. This study
also assessed fasting leptin rather than postprandial changes in
leptin, an important arena for future research. Furthermore,
this study does not allow inferences about how depression
and anxiety might be related to leptin among women without
a breast cancer history. The behavioral and physiological
mechanisms that may drive the relationship between psycho-
logical health and leptin should be explored in future research.

In sum, this longitudinal study demonstrated that obese
survivors’ leptin was higher at visits where she had more
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anxiety and depressive symptoms than what was usual for
her, compared to visits when they had fewer symptoms than
usual. These data suggest that leptin, a hormone involved in
appetite regulation and inflammation, may be one factor that
links depressive and anxiety symptoms to weight gain and
obesity. Within-person fluctuations in depression and anxiety
influenced leptin among women who are already obese, po-
tentially increasing risk for related diseases throughout survi-
vorship. These novel data provide another perspective on how
psychological functioning influences appetitive hormones,
thus highlighting important pathways to improve long-term
physical health.
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