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Abstract: Curcumin has previously been shown to enhance mood in non-depressed older adults.
However, observed benefits were limited to short-term supplementation (4 weeks). In a 16 week randomized,
double-blind, placebo-controlled, 2 X 2 factorial design trial, we supplemented overweight or obese
non-depressed adults (50-80 years) with curcumin (160 mg/day), fish oil (2000 mg docosahexaenoic
acid +400 mg eicosapentaenoic acid/day), or a combination of both. Secondary outcomes included
mental wellbeing measures (mood states and subjective memory complaints (SMCs)) and quality of
life (QoL). Furthermore, plasma apolipoprotein E4 (APOE4) was measured to determine whether
APOE4 status influences responses to fish oil. Curcumin improved vigour (p = 0.044) compared to
placebo and reduced SMCs compared to no curcumin treatment (p = 0.038). Fish oil did not affect
any mood states, SMCs or QoL; however, responses to fish oil were affected by APOE4 status. In
APOE4 non-carriers, fish oil increased vigour (p = 0.030) and reduced total mood disturbances (p =
0.048) compared to placebo. Improvements in mental wellbeing were correlated with increased QoL.
Combining curcumin with fish oil did not result in additive effects. This exploratory analysis indicates
that regular supplementation with either curcumin or fish oil (limited to APOE4 non-carriers) has the
potential to improve some aspects of mental wellbeing in association with better QoL.
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1. Introduction

Approximately 10-20% of older adults worldwide are affected by late-life depression, defined as a
major depressive episode after the age of 60 [1,2]. Unfortunately, depression often goes undetected in
the elderly due to individuals under-reporting their symptoms and symptoms being confused with
other age-related issues by family members or health care workers [3]. Consequently, depression is
often left untreated, which in turn can lead to poor quality of life (QoL) and an increase in morbidity,
disability and dependence [1]. Poor mood has also been shown to be closely associated with subjective
memory complaints (SMCs), which are considered to reflect early cognitive changes and to increase a
person’s risk to progress to mild cognitive impairments or dementia [4-7]. One potential preventative
strategy to reduce the risk of late-life depression is to supplement the diet with mood-enhancing
bioactive nutrients, such as long-chain omega-3 fatty acids (LCn-3 PUFAs) and curcumin, to improve
mood in order to counteract development of depressive symptoms and poor mental wellbeing.

Curcumin, the main active polyphenolic compound of the curry spice turmeric (Curcuma longa),
has been shown to reduce depressive symptoms in individuals suffering from depression [8] and,
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more recently, to improve mood in non-depressed healthy older adults [9,10]. In 2015, Cox et al.
showed that curcumin supplementation (80 mg per day) for four weeks significantly reduced fatigue
and attenuated negative effects of a cognitive test battery on calmness and contentedness [9]. In a
partial replication study, Cox et al. extended the curcumin supplementation and measured outcomes
at four and twelve weeks [10]. Again, fatigue was shown to be reduced following four weeks as
well as twelve weeks of supplementation. Furthermore, curcumin significantly reduced tension,
anger, confusion and total mood disturbance. However, these beneficial effects were only found
following 4 weeks of supplementation. Combining curcumin with other bioactive nutrients known to
counteract depressive symptoms, such as the LCn-3 PUFAs found in fish/seafood and fish oil, could be
a potential strategy to extend the mood-enhancing effects over longer periods due to potential additive
or synergistic effects of the combination [11].

A large body of epidemiological and observational studies shows an inverse association between
fish intake and the prevalence of depression and that depressed adults have lower blood and adipose
tissue levels of LCn-3 PUFAs [12,13]. This suggests that increasing one’s Omega-3 Index with fish oil
supplementation might help to counter depression. This has, however, proven difficult to confirm in
clinical trials, as they were mostly focused on people with clinical depression. Nevertheless, the majority
of these studies showed that fish oil supplementation can reduce depressive symptoms in a variety
of populations, including older adults [14-16]. Only a limited number of studies has examined the potential
of fish oil to prevent the risk of depression in mentally healthy older adults by enhancing their mood,
with mixed results. Additionally, these studies focused on depressive symptoms only, but did not measure
fish oil’s effects on other mood states [17-19]. This indicates a need for further investigation, which should
also take the apolipoprotein E4 (APOE4) status of participants into account, since the e4 variant of APOE
has been shown to influence the effects of fish oil [20-22]. However, it is unknown whether APOE4
status influences the effects of fish oil on mental wellbeing measures. In contrast, response to curcumin
supplementation seems to be unaffected by APOE4 status [23].

We recently reported the independent and combined effects of fish oil and curcumin
supplementation for 16 weeks on systemic and cerebrovascular function (primary outcome
cerebrovascular responsiveness (CVR) to hypercapnia) in overweight or obese middle-aged and
older adults with a sedentary lifestyle [24]. In the same study, we also examined effects on mental
wellbeing measures (mood states and SMCs) and general health perception (QoL) and whether the
response to fish oil might be influenced by a participant’s APOE4 status. The aim of this exploratory
analysis was to (1) confirm the mood-enhancing benefits of curcumin reported by Cox et al. and
determine whether combining curcumin with fish oil would result in additional, longer-lasting benefits
on mood states, as well as improvements in SMCs and QoL; and (2) investigate the independent effects
of fish oil supplementation on mental wellbeing measures and QoL and whether they are affected by
APOE4 status.

2. Materials and Methods

2.1. Study Design and Population

Community-dwelling adults residing in the Hunter region of New South Wales, Australia, were
recruited to participate in a 16 week randomized, double-blind, 2 x 2 factorial, placebo-controlled
intervention trial. Volunteers were eligible if they were aged between 50 and 80 years, were overweight
or obesity (body mass index (BMI) 25-40 kg/mz) and had a sedentary lifestyle (<150 min of planned
physical activity per week). Volunteers were excluded if they had an average fish/seafood intake
above two serves per week or more than 300 mg/day of LCn-3PUFA from fish oil supplements,
had suspected dementia (<82/100 points on Addenbrooke’s Cognitive Examination III, determined
during first screening visit), were diagnosed with major depression (current diagnosis), had a history
of cardiovascular, kidney or liver disease or neurological condition, or were currently on insulin
or warfarin therapy. The trial was conducted at the University of Newcastle’s Clinical Nutrition
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Research Centre in accordance with the International Conference on Harmonization Guidelines
for Good Clinical Practice. This study was approved by the University of Newcastle’s Human
Research Ethics Committee (H-2016-0170) and registered with the Australian and New Zealand Clinical
Trials Register (ACTRN12616000732482p). Written consent was obtained from each participant prior
to commencement.

2.2. Study Procedures

Eligible participants attended the research facility for a total of four visits—two at the beginning
and two at the end of the intervention. The secondary outcomes described in this manuscript were
obtained during the second and fourth visit. During these visits, participants had fasted overnight
(at least eight h) for collection of a fasting venous blood sample (2 X 10 mL) by a trained phlebotomist
at a commercial pathology centre. One sample was used for routine analysis of cardiometabolic and
inflammatory markers in serum and the other was centrifuged to separate plasma from red blood cells
and respective aliquots were kept for further analysis of the Omega-3 Index (eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA) concentrations in erythrocyte membranes) [24] and plasma
APOE4 concentrations.

After blood collection, participants were offered water and snacks before filling in questionnaires
about their mental wellbeing and QoL. Mental wellbeing measures included mood states and SMCs.
Measures were repeated in the same order at the end of the intervention. Furthermore, in order to
assess participants’ depressive symptoms at baseline, the Centre for Epidemiologic Studies Depression
Scale (CES-D) questionnaire [25] was administered. A score above 16 out of 60 points indicates a risk
of depression.

2.2.1. Mood States

The Profile of Mood States (POMS) questionnaire, containing 65 descriptive words, was
used to assess participant’s various mood states over the last seven days before their scheduled
visit [26]. It contains six mood subscales, included tension-anxiety, depression, anger-hostility,
fatigue, confusion-bewilderment and vigour, which were then expressed as percentages of their
maximum score for each subscale. Total mood disturbance (TMD) was calculated by averaging
the percentages for all negative mood subscales and then subtracting the percentage obtained
for vigour. Values ranged from —100%, indicating low mood disturbance, to +100%, indicating high
mood disturbance.

2.2.2. Subjective Memory Complaints

SMCs were assessed using a 27-item ‘yes” or ‘no’ questionnaire, which is a self-assessment
of memory complaints. The first three questions were used to determine whether participants
had any subjective memory complaints: “Do you perceive any memory or cognitive difficulties?”,
“Would you ask a doctor about these difficulties?” and “In the last two years, has your memory or
cognition declined?”. The remaining 24 questions were more specific, relating to difficulties in remembering
conversations/appointments/names/recent news, concentration problems, difficulties starting or keeping
track of conversations and difficulties keeping track with daily activities due to any decline in memory
over the past two years. The positive responses (‘yes’) were summed and expressed as a percentage of the
maximum score (24 points).

2.2.3. General Health Perception (Quality of Life)

The 36-Item Short-Form Survey (SF-36) was used to measure participants’ perception of physical
and mental wellbeing in the last four weeks before their scheduled visit and reflects QoL [27,28].
It includes eight subscales (physical functioning, body pain, role of physical limitation, general health
perceptions (=physical wellbeing subcomponent), social functioning, general mental health, role of



Nutrients 2020, 12, 2902 40f 13

mental limitation and energy/vitality (=mental wellbeing subcomponent), each with a maximum score
of 100, indicating no disability. An average of all subscales yielded the overall QoL score.

2.2.4. APOE4 Analysis

Only plasma aliquots from participants who had been allocated to one of the fish oil treatments
(fish oil alone or in combination with curcumin, n = 65) were used to measure APOE4 concentrations,
since APOE4 status has previously been shown to influence responses to fish oil [20] but does not appear
to influence responses to curcumin supplementation [23]. APOE4 analysis was performed at the Hunter
Medical Research Institute by a trained researcher who was blind to the intervention procedures.
Plasma APOE4 concentrations were measured using a commercial Apolipoprotein E4 (human)
Enzyme-linked Immunosorbent Assay (ELISA) kit (Biovision, Milpitas, CA, USA). Sensitivity of the
assay was 25 ng/mL with a detection range of 50-800 ng/mL, 8% intra-assay reproducibility and
12% inter-assay reproducibility, as reported by the manufacturer. Participants with plasma APOE4
concentrations that fell within the detection range were deemed to be APOE4 carriers, i.e., with an
APOE2/E4, APOE3/E4 or APOE4/E4 genotype.

2.3. Investigational Product and Intervention

The intervention supplements were supplied by Blackmores Institute (Sydney, Australia) and
were identical in appearance to their respective placebos, identifiable only by code. Participants were
allocated to one of the four treatment groups by an independent investigator according to Altman’s
allocation by minimization method [29] based on their age, BMI and sex:

e  FOgroup: active fish oil capsules (Blackmores Omega Brain™: 400 mg EPA and 2000 mg DHA/day)
with placebo curcumin capsules (maltodextrin with yellow food colouring);

e  CUR group: active curcumin capsules (Blackmores Brain Active™: 800 mg Longvida® containing
160 mg curcumin/day) with placebo fish oil capsules (mix of corn and olive oil with 20 mg of fish
oil to match odour);

e FO + CUR group: active fish oil and active curcumin capsules;

e PL group: placebo fish oil and placebo curcumin capsules.

Participants were instructed to consume six capsules daily, two fish oil and one curcumin
(or matching placebos) in the morning and again in the evening with meals, and to record their
supplement intake in an assigned diary, together with any changes in medication intake. The curcumin
supplement was identical to that used in the studies by Cox et al. [9,10]. However, as our participants
were supplemented twice a day, their total dose was double that used previously. The twice daily
supplementation schedule was an attempt to increase curcumin’s efficacy by ensuring a sustained level
in the blood, as curcumin has a relatively short half-life (approx. 7.5 h for Longvida® curcumin [30]).
For fish oil, splitting the dose into twice per day can also help to minimize fishy burps, which are
commonly reported as an unpleasant side effect. The fish oil dose was based on previous literature
indicating the need for high DHA doses to see effects [18,31,32].

Participants were further instructed to maintain their habitual diet and exercise regimen.
At mid-intervention, participants were followed up with a phone call to enquire about their wellbeing.
At the end of the trial, participants returned any remaining supplements. Capsule counts and changes
in erythrocyte Omega-3 Index (analysed as described in Kuszewski et al. [24]) were used to monitor
overall compliance. Blinding was maintained until all data analysis had been completed.

2.4. Statistical Analysis

This is an analysis of secondary outcomes from our previously published clinical trial [24].
An estimated 136 participants were needed to detect a 0.7 effect size (Cohen’s d) difference between
treatment groups in the primary outcome (CVR to hypercapnia) at alpha = 0.05.
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Using a per-protocol analysis and setting compliance to 80%, significant effects of treatment on
mean changes in the variables (mood states, SMCs and QoL) between the groups were determined by
a one-way MANOVA (IBM SPSS version 24, New York, NY, USA). Effect sizes are indicated by Cohen’s
d or, if group sizes were different, by Hedge’s g. Using the 2 X 2 factorial design, effects of fish oil and
curcumin treatment were also assessed independently with two-way ANOVA:

e  Fish oil (FO and FO + CUR group) vs. no fish oil (CUR and PL group);
e  Curcumin (CUR and FO + CUR group) vs. no curcumin (FO and PL group).

To examine the influence of APOE4 status on fish 0il’s effects on mental wellbeing and QoL,
an independent t test was used to determine differences in response to fish oil between APOE4 carriers
and non-carriers. Additional post-hoc analyses (one-way MANOVA) were performed to look at
treatment changes in variables between groups in APOE4 non-carriers only.

Pearson’s correlation analysis was used to determine whether changes in mood states and SMCs
were related to changes in QoL. All results are presented as the mean + standard error of mean (SEM).
As this is an exploratory analysis, no adjustments were made for multiple comparisons.

3. Results

3.1. Participant Disposition and Baseline Characteristics

Of the 152 participants enrolled in this study between June 2017 and August 2018, 134 completed
the intervention and 126 were compliant with supplementation (PL n = 32, FO n = 32, CUR n = 31,
FO + CUR n = 31; for CONSORT diagram see Kuszewski et al. [24]). Four participants experienced
side effects with supplementation (digestive problems: PL n =1, CURn =1, FO + CUR n = 1;
reflux: PL n = 1) and seven reported unrelated health issues, of which two occurred before supplementation
was commenced. Of the remaining five health issues, two occurred in the fish oil group (pneumonia), two in
the curcumin group (vein thrombosis, knee operation) and one in the combination group (heart attack).
However, they were unlikely to be related to supplementation. For analysis of mental wellbeing measures,
three participants had to be excluded: one participant was unable to complete the mental wellbeing
questionnaires at week 16 (FO + CUR group), one participant experienced major life changes during the trial,
affecting mental wellbeing measures (CUR group) and one participant had incomplete data (FO group),
leaving 123 participants for the final analysis (PL n = 32, FO n = 31, CUR n = 30, FO + CUR n = 30).

Participants’ baseline characteristics are described in Table 1. Participants were, on average, elderly,
marginally obese, had low total mood disturbance and their average CES-D score was 9.0 + 0.6—well below
the cut-off score of 16/60 for suspected depression. Furthermore, 72% (1 = 109) of participants indicated
that they have SMCs (first question of the SMCs questionnaire), with the total score of SMCs averaging
36 + 2%. There were no significant differences in baseline characteristics between groups, except for the
POMS mood subscale of tension (PL: 16.0 + 2.2 vs. FO + CUR: 23.7 + 3.1, p = 0.040).
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Table 1. Participants’ baseline characteristics per group.

Characteristics PL FO CUR FO + CUR
(n = 36) (n=239) (n =38) (n=239)
Sex (female %) 50 56 55 56
Age (years) 65.4+1.3 65.4+1.2 65.4+1.2 66.2 +1.3
BMI (kg/mz) 31.0+0.7 31.0+0.7 30.5+0.7 309 +0.6
Depressive symptoms (%) 134+19 14.0+1.7 17.0+2.1 154 +2.4
Mood states (POMS)
Tension (%) 16.0 2.2 16.8 £2.2 231+29 23.7+3.1*%
Depression (%) 5.6 +1.1 79+18 9.6 +1.9 10.6 +2.1
Anger (%) 70+1.0 71+14 10.7 £ 2.0 105 +1.7
Fatigue (%) 281 +4.1 28.1+4.6 30.4 +3.9 283 +3.5
Confusion (%) 23.8+29 239+ 3.1 28.6 +3.3 245+28
Vigour (%) 562 +28 50.5 + 3.0 492 +28 525+ 3.5
TMD 2 (%) -40.1+ 3.6 -33.7+4.6 —28.7+42 -33.0+5.0
Subjective memory complaints (%) 375+4.1 33.7+4.1 35.7+39 394 +4.5
Quality of Life (%) 704 +24 725+19 67.1+25 69.4+24

Values are expressed as the mean + SEM. ? Greater negative value equals better overall mood. * Significant compared
to placebo, p < 0.05. BMI, body mass index; CUR, curcumin alone; FO, fish oil alone; FO + CUR, fish oil and
curcumin combination; PL, placebo; TMD, total mood disturbance.

3.2. Effects of Treatment on Mental Wellbeing Measures

Curcumin supplementation improved vigour compared to placebo (p = 0.044, Cohen’s d = 0.55).
Supplementation with fish oil, alone or in combination with curcumin, for 16 weeks did not significantly
affect mood states (Table 2).

Table 2. Treatment changes in measures of mental wellbeing and quality of life (n = 123).

PL FO CUR FO + CUR
(n=32) (n=31) (n =30) (n=30)
Tension (%) 04+15 -0.5+21 0.0+21 -08+25
Depression (%) -06+1.3 -1.6+1.8 -1.8+21 -0.1+1.6
Anger (%) -21+12 02+15 -21=x21 -22+17
Fatigue (%) -31+4.0 0.1+4.0 -1.5+35 3.8+39
Confusion (%) -31+24 -34+28 -7.6+3.1 -3.8+24
Vigour (%) -3.7+26 1.5+29 35+20* 25+24
TMD 2 (%) 2.0+38 -2.6+42 -6.1+3.3 -3.1+37
Subjective memory complaints (%) -1.8+£25 -26+24 -6.7+£27 -89+3.1
Quality of Life (%) 03+18 24+18 20+21 21+24

Values are expressed as the mean + SEM. ? Greater reduction is favourable. * Significant compared to placebo, p < 0.05.
BMI, body mass index; CUR, curcumin alone; FO, fish oil alone; FO + CUR, fish oil and curcumin combination;
PL, placebo; TMD, total mood disturbance.

SMCs were unaffected by fish oil supplementation, while curcumin and the combination of fish
oil and curcumin supplementation tended to reduce SMCs. Combining these two groups in the 2 x 2
factorial analysis showed a 21% reduction in SMCs from baseline following curcumin supplementation,
which was significant compared to no curcumin supplementation (CUR n = 60: 7.8 + 2.0% vs. no
CUR 7 =63: =2.2 +1.7%, p = 0.038, Cohen’s d = 0.38). This reduction was even more significant among
participants who reported SMCs at baseline (CUR 1 = 44: —9.4 + 2.5% vs. no CUR n = 48: 2.4 + 2.0%;
p = 0.029, Cohen’s d = 0.46). The reduction in SMCs following curcumin supplementation (n = 60) was
correlated with changes in confusion (R = 0.392, p = 0.002) and depression (R = 0.356, p = 0.006).

3.3. Effects of Treatment on Quality of Life

The overall score of QoL as well as the subcomponents of physical and mental wellbeing were not
significantly affected by treatment (Table 2). However, the observed changes in vigour were correlated
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with changes in overall QoL (whole study population n = 122: R = 0.323, p < 0.001; curcumin group
n =59: R =0.418, p = 0.001) and changes in SMCs were inversely correlated with changes in overall
QoL (whole study population n = 122: R = —0.360, p < 0.001; curcumin group n = 59: R = -0.472,
p <0.001).

3.4. Influence of APOE4 Status

Of the 65 participants who were taking fish oil supplements, 26% were APOE4 carriers, with an
average plasma APOE4 concentration of 76.7 + 10.9 ug/mL. APOE4 carriers were slightly younger
with a lower mean BMI but had the same percentage of self-reported depressive symptoms compared
to APOE4 non-carriers. Baseline demographics or wellbeing measures were not significantly different
between APOEA4 carriers and non-carriers (Table 3).

Table 3. Baseline demographics and wellbeing measures in APOE4 carriers vs. non-carriers.

APOE4 Non-Carrier APOE4 Carrier

(n = 48) (n=17) p-Value

Sex (female %) 52 53
Age (years) 663 +12 64.0+1.8 0.298
BMI (kg/m?) 31.5+0.6 293 +0.7 0.052
Depressive symptoms (%) 152+ 1.8 154 +4.2 0.953
EPA (%) 1.06 + 0.37 1.04 £ 0.44 0.807
DHA (%) 549 +1.36 573 +1.31 0.527
Tension (%) 209 +2.3 255+53 0.356
Depression (%) 104 +1.8 9.7+34 0.855
Anger (%) 85+14 122 +£3.1 0.214
Fatigue (%) 303 +4.1 23.3+£39 0.219
Confusion (%) 26.8 +2.8 223 +4.0 0.388
Vigour (%) 494 +27 522 +5.7 0.619
TMD 2 (%) -300+42 -33.6+8.0 0.671
Subjective memory complaints (%) 419+38 30.6 £6.5 0.137
Quality of life (%) 69.5 +2.0 72.7 £ 34 0.430

Values are expressed as the mean + SEM. ? Greater negative value equals better overall mood. APOE4, apolipoprotein E4;
BMI, body mass index; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; TMD, total mood disturbance.

APOE4 status significantly influenced effects of fish oil on mental wellbeing measures but not QoL.
In general, while APOE4 carriers had a negative response to fish oil supplementation, i.e., greater mood
disturbance and more SMCs, APOE4 non-carriers showed improvements in all mental wellbeing
measures (Figure 1). Changes in tension (p = 0.014, Hedge’s g = 0.74), depression (p = 0.003, Hedge’s
g = 0.90), anger (p = 0.043, Hedge’s g = 0.60), confusion (p = 0.028, Hedge’s g = 0.66), total mood
disturbance (TMD) (p = 0.016, Hedge’s g = 0.72) and SMCs (p = 0.015, Hedge’s g = 0.75) following fish
oil supplementation were significantly different between APOE4 carriers and non-carriers.

There were no differences between APOE4 carriers and non-carriers in erythrocyte EPA and DHA
levels at baseline or in the changes in EPA (APOE4: 1.25 + 0.32% vs. non-APOE4: 1.21 + 0.47%, p =0.756)
and DHA (APOE4: 4.16 + 1.33% vs. non-APOE4: 4.65 + 1.39%, p = 0.256) levels following treatment.
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Figure 1. Differences between APOE4 carriers (1 = 16) and APOE4 non-carriers (1 = 44) in treatment changes
of mental wellbeing measures and quality of life following fish oil supplementation. * Significant, p < 0.05.
TMD: total mood disturbance, SMC: subjective memory complaints, QoL: quality of life.

3.5. Subanalysis in APOE4 Non-Carriers

Since APOE4 status influenced responses to fish oil supplementation, we re-examined the effect
of fish oil supplementation in APOE4 non-carriers after excluding APOE4 carriers from the fish oil
and fish oil + curcumin group (n = 17). This exploratory subanalysis showed a significant increase
in vigour (p = 0.030, Hedge’s g = 0.56) and decrease in TMD (p = 0.048, Hedge’s g = 0.55) following
fish oil supplementation compared to placebo (Table 4). The decrease in TMD following fish oil
supplementation was inversely correlated with changes in vigour (R = —0.937, p < 0.001) and positively
correlated with changes in fatigue (R = 0.590, p = 0.004). The combination of fish oil and curcumin
significantly decreased SMCs (p = 0.029, Hedge’s g = 0.57).

Table 4. Subanalysis of treatment changes in measures of mental wellbeing and quality of life in APOE4
non-carriers (n = 106).

PL FO CUR FO + CUR
(n=32) (n=22) (n =30) (n=22)
Tension (%) 04+15 -3.6+18 0.0+21 -2.7+3.0
Depression (%) -06+1.3 -44+19 -1.8+21 -1.7+19
Anger (%) -21+12 -1.8+13 -21+21 -29+20
Fatigue (%) -31+4.0 -3.8+44 -1.5+35 23+438
Confusion (%) -31+24 -79+27 -7.6+3.1 -44+31
Vigour (%) -3.7+26 48+33* 35+20% 3.6+3.1
TMD 2 (%) 2.0+38 -9.1+40* -6.1+3.3 -54+48
Subjective memory complaints (%) -1.8+£25 -6.1+£26 -6.7+£27 -11.0+£39*
Quality of life (%) 03+18 46+20 20+21 1.8+29

Values are expressed as the mean + SEM. ? greater reduction being favourable. * Significant compared to placebo,
p <0.05. CUR, curcumin alone; FO, fish oil alone; FO + CUR, fish oil and curcumin combination; PL, placebo;
TMD, total mood disturbance.

The increase in overall QoL score following fish oil supplementation was not significant, but
changes in vigour were correlated with changes in overall QoL (whole group n = 106: R = 0.287,
p = 0.003; FO supplementation n = 44: R = 0.433, p = 0.003), and changes in TMD were inversely
correlated with changes in overall QoL (R= —0.453, p < 0.001; FO supplementation n = 44: R= -0.597,
p <0.001).
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4. Discussion

This exploratory analysis provides supportive evidence of curcumin’s mood-enhancing effects
and furthermore shows curcumin’s potential to reduce SMCs in overweight or obese middle-aged
and older adults without clinical depression. However, combining curcumin with fish oil did not
result in any additional benefits on mental wellbeing. Fish oil supplementation alone did not affect
mental wellbeing, although the response to fish oil was significantly affected by APOE4 status.
APOE4 non-carriers showed improvements in mental wellbeing, whereas APOE4 carriers did not
respond to fish oil. A subanalysis of the whole study cohort, excluding APOE4 carriers, revealed that
fish oil supplementation improved vigour and decreased TMD.

QoL was not significantly improved, which might be due to the fact that baseline overall QoL scores
were already relative high (average 69.9 + 2%) and comparable to results from a large survey across
Australian households [27], showing an average overall score of 71%. Nevertheless, improvements in
vigour and SMCs following curcumin supplementation and improvements in vigour and TMD following
fish oil supplementation were correlated with improved overall QoL, suggesting that curcumin’s and fish
oil’s effects are clinically relevant.

4.1. Curcumin Supplementation

The observed mood-enhancing effect of curcumin, i.e., increase in vigour, is consistent with previous
studies study by Cox et al., which found reductions in fatigue following 4 and 12 weeks of supplementation
in older non-depressed adults [9,10]. Furthermore, Cox et al. found significant reductions in tension,
anger, confusion and TMD following supplementation. However, these effects were only short-term and
were not sustained after 12 weeks of supplementation [10]. In both studies, Cox et al. supplemented their
participants with 400 mg Longvida curcumin (80 mg curcumin) once a day; however, we chose to give
this dose twice daily to ensure a sustained level of curcumin in the blood. Consistent with findings from
Cox et al. we observed reductions in confusion and TMD following 16 weeks of curcumin supplementation;
however, they were not significant compared to placebo and combining curcumin with fish oil did not
result in additional effects on these outcomes. Thus, it might be possible that curcumin has only short-term
effects on confusion and TDM but stronger, longer-lasting effects on fatigue-vigour. Further studies are
warranted to confirm the promising mood-enhancing effects of curcumin in older adults without clinical
depression and identify the underlying mechanisms and how the efficacy of curcumin could be improved.
Moreover, we found that the change in vigour was positively correlated with change in quality of life;
however, further investigation is needed to determine whether the mood-enhancing effects of curcumin
can help to prevent the onset of depression.

Next to improvements in vigour, we found that curcumin reduced SMCs, which—to the best
of our knowledge—is the first evidence of this benefit. Increasing evidence links SMCs to increased
dementia risk, suggesting that SMCs reflect early, subtle cognitive changes [7]. This is supported by
neuroimaging studies, which indicate changes in brain structure and function in individuals with
SMCs [33]. SMCs have also been shown to be closely related to poor mood and negatively impact QoL
in healthy older adults [4,34]. The observed attenuation in SMCs following curcumin might thus be
partly mediated by its mood-enhancing effects, which resulted in slight, non-significant reductions in
depressive mood and confusion that were, however, significantly correlated with decreased SMCs.
Additionally, our observation that the reduction in SMCs following curcumin was related to increased
QoL is encouraging. Targeting SMCs might thus offer an early window of opportunity to intervene
prior to the development of poor mood and the detection of measurable cognitive deficits.

Nevertheless, changes in SMCs during the 16 week intervention period and correlations with
changes in mood states and QoL need to be interpreted with caution. The assessment of SMCs
estimates SMCs over the last two years; therefore a longer intervention time is needed to meaningfully
monitor changes in SMCs. Moreover, assessment of SMCs in a clinical setting has its limitations as it is
difficult to distinguish between worried and well individuals and those who have subtle cognitive
impairments [35]. Lastly, a further limitation is that the SMCs questionnaire utilized in this study,
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although more extensive than others with 27 items, has not been validated before in cognitively
unimpaired elderly.

To the best of our knowledge, only two other studies have examined the potential of diet or
dietary supplements to reduce SMCs. An observational study showed an inverse correlation between
adherence to a healthy diet—mix of a Mediterranean diet and Dietary Approaches to Stop Hypertension
(DASH) diet—and SMCs in adults aged above 70 years who did not suffer from depression [36].
Moreover, a 12 week clinical trial of BrainPower Advanced, a supplement containing a mix of
15 ingredients (Ginkgo biloba extract, green tea extract, L-pyroglutamic acid amongst others), showed
improvements in SMCs compared to placebo in older adults (average 67 years) [37].

A healthy diet and dietary supplements, such as curcumin, might thus have the potential
to attenuate SMCs. However, future studies are needed to confirm these encouraging findings,
further investigate the long-term effects of reducing SMCs on cognitive function, mood and QoL and
explore potential underlying mechanisms. These studies might also need to incorporate neuroimaging
to more accurately assess SMCs in individuals at baseline.

4.2. Effects of Fish oil Supplementation Influenced by APOE4 Status

In line with two previous studies conducted in healthy older adults without clinical depression, fish oil
supplementation did not significantly affect mental wellbeing measures [17,19]. However, we found that
the effect of fish oil on mental wellbeing was significantly influenced by APOE4 status; subanalysis in
APOE4 non-carriers showed that fish oil supplementation significantly improved vigour and reduced TMD.
The reduction in TMD was mostly driven by changes in vigour and fatigue. Improvements in these mood
subscales might increase motivation to be more proactive in making healthy lifestyle choices such as eating
a more healthy diet, which in turn can further improve mood and mental wellbeing [38,39].

Our finding that APOE4 status affects the response to fish oil supplementation is consistent with
previous literature demonstrating a fish 0il-APOE4 interaction [20,22]. For instance, APOE4 carriers
were shown to be less sensitive to the protective effects of fish oil/consumption of fatty fish on cognitive
function and all-cause dementia risk [40,41]. The mechanisms underlying the differential responses to
fish oil are, however, poorly understood and need further investigation.

4.3. Combination of Fish Oil and Curcumin

The combination of fish oil and curcumin had neither an additive nor synergistic influence on
mental wellbeing and QoL. Since this is the first exploratory analysis to look at the effects of this
nutrient combination on mental wellbeing, further investigations are needed to identify whether there
are potential synergistic effects between LCn-3PUFAs and curcumin in humans and whether they
might depend on an optimal dose combination of fish oil and curcumin or might only benefit certain
population groups.

4.4. Study Limitations

As this was an exploratory analysis of secondary outcomes of a large interventions study, it was
not powered to detect differences in changes in mental wellbeing measures and QoL.

Another limitation is that APOE4 status was determined by measuring APOE4 in plasma, which is
notas informative as APOE4 genotyping. It only indicates that a participant has the APOE4 allele, but not
how many copies. Therefore, the exact genotype remains unknown. Our finding that the response to
fish oil on mental wellbeing measures is dependent on APOE4 status is preliminary; further studies
are needed to confirm this finding and whether it can be extrapolated to other populations.

5. Conclusions

This exploratory analysis of a 16 week dietary intervention trial in overweight or obese middle-aged
and older adults without clinical depression adds further evidence that curcumin supplementation has
potential beneficial effects on mood. Furthermore, our findings indicate that curcumin supplementation
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can reduce SMCs and that the improvements in both mood and SMCs are associated with improved QoL.
These potential benefits of curcumin warrant further evaluation. Combining curcumin with fish oil did
not result in additional benefits. Fish oil independently improved vigour and total mood disturbance,
but only in APOE4 non-carriers. The observation that the mental wellbeing response to fish oil was
influenced by APOE4 status should be followed up with studies designed to compare effects of fish oil
on mental wellbeing between APOE4 carriers and non-carriers.
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