The Journal of Nutrition xxx (Xxxx) Xxx

r‘\
bl NTHE JOURNAL OF NUTRITION

American
Society for
Nutrition

Excellence in

journal homepage: https://jn.nutrition.org/

and Practice

Nutrition and Disease

An Examination into the Effects of a Saffron Extract (Affron) on Mood
and General Wellbeing in Adults Experiencing Low Mood: A
Randomized, Double-Blind, Placebo-Controlled Trial

Adrian L Lopresti ** ", Stephen J Smith *, Wolfgang Marx °, Marina Diez-Municio *,
Maria Inés Moran-Valero *
! Clinical Research Australia, Perth, Western Australia, Australia; > Health, Engineering and Education, College of Science, Murdoch University,

Perth, Western Australia, Australia; > IMPACT - the Institute for Mental and Physical Health and Clinical Translation, Food and Mood Centre,
School of Medicine, Deakin University, Barwon Health, Geelong, Australia; 4 Pharmactive Biotech Products SLU, Alcobendas, Madrid, Spain

ABSTRACT

Background: Saffron, derived from the stigmas of the Crocus sativus flower, has been shown in previous trials to have antidepressant effects
in clinically diagnosed adults. However, the recruitment of small sample sizes, short treatment periods, and variability in the quality of
studies have negatively impacted the strength of conclusions.

Objectives: The purpose of this 2-arm, 12-wk, parallel-group, randomized, double-blind, placebo-controlled trial was to examine the effects
of supplementation with a saffron extract (Affron) on mood and sleep in adults experiencing subclinical depressive symptoms.

Methods: Two hundred and two adults aged 18-70 with depressive symptoms were supplemented with 28 mg saffron daily or a placebo.
Outcome measures included the Depression, Anxiety, and Stress Scale — 21, Sleep Disturbance and Sleep-Related Impairment Scale, World
Health Organization-Five Well-Being Scale, and daily depression, stress, and anxiety ratings.

Results: On the primary outcome measure, compared to the placebo, saffron was associated with greater improvements in the Depression,
Anxiety, and Stress scale — 21 depression score (f: —2.92 points; 95% confidence interval: -5.13, —-0.71 points; Cohen’s d = 0.39), with 72.3%
of participants in the saffron group achieving a clinically significant change (a reduction of > 7 points) compared to 54.3% of participants in
the placebo group (P = 0.010). However, in the other secondary outcomes, there was no evidence of between-group differences. In
exploratory analyses across various strata and assumptions, improvements in sleep disturbances (p: —2.72 points; 95% confidence interval:
—4.99, -0.46 points; Cohen’s d = 0.44) were identified in a subset of participants with a greater severity of sleep disturbance. There were no
serious adverse reactions reported.

Conclusions: This study, the largest conducted to date on saffron, provides evidence supporting the beneficial effects of 3 mo of saffron
supplementation on depressive symptoms in adults. Large placebo responses were evident in this study, which require consideration in
future trials.

This trial was registered at Australian and New Zealand clinical trials registry as ACTRN12623001358639.
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Introduction is typically considered when a person experiences 2—4 depressive
symptoms, with 1 of them being either a depressed mood or loss
of interest or pleasure, during a 2-wk period [2]. Estimates of
prevalence rates of subclinical depression vary widely; however,
in a recent review, a point prevalence rate of 11% was identified
[3]. Subclinical depression is a significant risk factor for the

Subclinical, subthreshold, or minor depression (herein
referred to as subclinical depression) is defined as the presence of
depressive symptoms but without fulfilling all the diagnostic
criteria for major depressive disorder [1]. Subclinical depression

Abbreviations: AE, adverse event; CI, confidence interval; CTTES, Clinical Trials Treatment Expectancies Scale; DASS-21, Depression, Anxiety, and Stress Scale - 21;
FAS, full analysis set; GLMM, generalized linear mixed model; IP, investigational product; PPS, per-protocol set; PROMIS Sleep, PROMIS Sleep Disturbance and Sleep-
Related Impairment Scale; SIMR, single-item mood rating; WHO-5, World Health Organization-Five Well-Being Index.
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progression to major depressive disorder, and compared to
nondepressed adults, it is associated with substantially more
impairment in physical, social, and occupational function [2-4].
Alarmingly, a meta-analysis indicated that mortality rates in
subclinical depression are comparable with those in major
depressive disorder [5].

Pharmaceutical antidepressants are often recommended as a
primary treatment of major depressive disorder; however, in a
meta-analysis, it was concluded that they were unlikely to have
clinical advantages over placebo in people with subclinical
depression [6]. Interest in plant-based medicines (phytoceut-
icals) for the treatment of mood disorders is increasing. In
guidelines published by the World Federation of Societies of
Biological Psychiatry and Canadian Network for Mood and
Anxiety Treatments task force, it was concluded that there was
supporting grade A evidence and positive directionality for St
John’s wort, saffron, curcumin, and lavender for the treatment of
unipolar depression [7]. However, inconsistency in the quality
and standardization of phytoceuticals, trial heterogeneity, and
methodological limitations of many studies impacted the
strength of recommendations made by the task force. Moreover,
the effect of phytoceuticals on people with subclinical depression
has received little dedicated investigation.

Saffron stigmas, derived from the Crocus sativus flower, have
undergone >20 randomized clinical trials for the treatment of
major depressive disorder [7,8]. In several meta-analyses,
saffron was found to have larger antidepressant effects
compared to a placebo [8] and comparable efficacy to pharma-
ceutical antidepressants [9]. Although mechanisms associated
with saffron’s mood-enhancing effects require further investi-
gation, it is speculated that it may work through multiple actions
such as influencing neurotransmitter activity, moderating the
stress response (hypothalamus-pituitary-adrenal axis), and
reducing inflammation and oxidative stress [10-12].

Despite these overall positive findings, many saffron trials
have recruited small sample sizes, typically ranging from 40 to 80
people, with treatment durations mostly ranging from 4 to 8 wk.
Moreover, the populations investigated have typically comprised
adults with major depressive disorder [8,10,13], with little
investigation on people with subclinical depression. Therefore, in
an attempt to add to the body of evidence on the mood-enhancing
effects of saffron, the objectives of this study were to investigate
the efficacy of a saffron extract (Affron) administered for 12 wk to
adults with subclinical depression utilizing a robustly-powered
sample size of 202 participants. This makes it the largest study
conducted to date on the antidepressant effects of saffron. Based
on the existing evidence, it was hypothesized that saffron sup-
plementation in adults experiencing low mood/subclinical
depression would be associated with improvements in affective
symptoms, particularly in depressive symptoms. Moreover, as
saffron has been shown in several trials to support sleep in people
with insomnia and sleep disturbances [14-16], changes in sleep
outcomes were investigated as secondary outcome measures.

Methods

Study design and procedures
The study received ethics approval in Australia from the Na-
tional Institute of Integrative Medicine Human Research ethics
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committee (approval number 0134E_2023), and informed con-
sent was acquired from all participants. This trial was registered
prospectively with the Australian and New Zealand clinical trials
registry (ACTRN12623001358639).

This was a 12-wk, 2-arm, parallel-group, randomized, double-
blind, placebo-controlled trial (Figure 1). Participants were blin-
ded throughout the study, and researchers and the statistician were
blind to the treatment allocation until all outcomes were collected
and a blind review was completed. The recruitment of volunteers
occurred from May to August 2024 through social media adver-
tisements and emails to an in-house database of interested volun-
teers. Participants completed an online screening questionnaire,
where they provided demographic information, details of their
health status, medical history, and medication intake, and
completed the Depression, Anxiety, and Stress scale — 21 (DASS-21)
depression subscale. If they scored >10 on the DASS-21 depression
subscale and were deemed potentially suitable, based on the
eligibility criteria, they were contacted by a researcher for a tele-
phone interview. During this interview, a more comprehensive
assessment of the eligibility criteria was undertaken, relevant de-
mographic and sociographic details were obtained, and a full
explanation of the study was provided. If eligible and willing to
participate in the study, participants were then required to elec-
tronically sign the informed consent form. After completion of the
consent form, participants were randomly allocated to 1 of 2 groups
(saffron or placebo) on a 1:1 ratio using a randomization calculator
with the randomization structure consisting of 20 permuted blocks,
with 10 participants per block. A participant identification number
was designated based on the participant enrolment order, and the
randomization sequence was generated by an investigator not
directly involved in volunteer recruitment. All tablets were packed
in identical containers, and the study sponsor held the bottle codes.
Participants were immediately sent, by express freight, a 12-wk
supply of the study tablets. Study tablets were typically received
1-4 working days after the telephone interview. Participants were
instructed to notify researchers when the tablets were received,
after which time they were required to complete all self-report
questionnaires (week 0) and to commence their intake of study
tablets the following day. All self-report questionnaires were again
completed online every 4 wk (i.e., weeks 4, 8, and 12). Moreover,
every evening at 8 pm, participants were sent a link on their phone
to complete 3 single-item mood ratings (SIMR) and to indicate if
study tablets were consumed for the day.

Participants
Inclusion criteria

Inclusion criteria for the trial comprised the following: healthy
adults (female or male), 18-70 y; currently experiencing low
mood as demonstrated by a score of >10 at screening on the DASS-
21 depression subscale; nonsmoker; BMI (in kg/m?) between 18
and 35; had no plan to start a new intervention in the next 3 mo.

Exclusion criteria

The exclusion criteria comprised the following: a diagnosis of a
psychiatric disorder by a health professional in the last 12 mo;
currently receiving regular psychological therapy/counseling;
currently experiencing a severe life stressor (e.g., finances, work,
relationship, or health) that significantly influences daily function
and activity; in the last 3 mo a diagnosis of, or having an uncon-
trolled medical disorder comprising hyper/hypotension,
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[ Enrolment ]

Assessed for eligibility (n = 245)

Excluded (n = 43)

e Did not meet inclusion criteria
(n=28)

e Declined to participate (n = 15)

Randomised (n = 202)

[ Allocation ]

Placebo (n =101)

e Received intervention (n = 101)

e Did not receive allocated
intervention (n = 0)

Saffron (n = 101)

e Received intervention (n = 101)

e Did not receive allocated
intervention (n = 0)

[ Follow-Up 1
\S

e Lostto follow-up (n = 3)
e Discontinued intervention (n = 4)

e Lostto follow-up (n = 4)
e Discontinued intervention (n = 3)

[ Analysis ]
Analysed by Analysed
e FAS(n=101) e FAS(n=101)
e SAS(n=101) e SAS(n=101)
e PPS(n=87) e PPS(n=91)

Full Analysis Set (FAS); Safety Analysis Set (SAS); Per Protocol Set (PPS)

FIGURE 1. Systematic illustration of study design.

gastrointestinal disease, diabetes, cardiovascular disease, auto-
immune disease, endocrine disease, or cancer/malignancy; a
diagnosis of a neurological disease comprising Parkinson’s dis-
ease, Alzheimer’s disease, multiple sclerosis, stroke, or a brain
injury significantly affecting daily function; regular medication
intake comprising anticonvulsants, benzodiazepines, opioids,
corticosteroids, or immunosuppressants; a change in medication
in the last 3 mo or a plan to change during the study duration; in
the last 3 mo, commenced or modified the dose of nutritional and/
or herbal supplements that may have an effect on the treatment
outcomes; a current or 12-mo history of illicit drug use; alcohol
consumption of >14 standard drinks per week; pregnant,
breastfeeding, or a plan to become pregnant in the next 3 mo; any
major surgeries over the past 12 mo that continued to significantly
affect daily function; or planned significant lifestyle change in the
next 3 mo.

Interventions

The intervention comprised either a saffron extract (Affron)
or a placebo (microcrystalline cellulose). Participants were
instructed to consume 1 tablet in the morning and 1 tablet in the
evening with or without food, with the active intervention
delivering 28 mg Affron daily for 12 wk. This is the identical
daily dose that has been used in previous studies on Affron
[17-19]. The active and placebo tablets were identical in
appearance, matched for shape, color, and size, with both tablets
containing similar excipients (microcrystalline cellulose, calcium
phosphate dihydrate, magnesium stearate, and silicon dioxide).
Affron is produced from the stigmas of Crocus sativus L. and
standardized to contain >3.5% Lepticrosalides, a measure of
bioactive compounds contained in saffron, including safranal

and crocin isomers. Adherence to tablet intake was assessed by
asking participants to provide a count of remaining tablets on
week 12. Treatment blinding was evaluated by asking partici-
pants to guess their group allocation (placebo, saffron, or unsure)
at the end of the study, along with a reason for their prediction.

Outcome measures
Primary outcome measure

DASS-21 depression score. The DASS-21 is a validated self-report
questionnaire that assesses symptoms associated with depres-
sion, anxiety, and stress over the last 7 d [20]. It consists of 21
items, where 3 subscale scores (depression, anxiety, and stress)
are calculated. Scores range from O to 42 for each subscale.
Because a major criterion for study inclusion was the presence of
depressive symptoms, the bulk of clinical trials on saffron have
demonstrated positive effects on depression [7], and mechanistic
investigations suggest antidepressant activity [10], the DASS-21
depression subscale score was chosen, a priori, as the primary
outcome measure. In a study by Ronk et al. [21], a clinically
significant change index on the DASS-21 depression score for
outpatients with depression was calculated as 6.15. Therefore, a
reduction of >7 points in the DASS-21 depression score was
considered a clinically significant change.

S econdary outcome measures

DASS-21 anxiety and stress scores. The DASS-21 anxiety and
stress subscale scores were set as secondary outcome measures.

SIMR. To assess variability in mood over 12 wk, participants
completed a daily SIMR for depression, anxiety, and stress. The
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rating question was taken from each DASS-21 subscale, which
has been shown to be highly correlated with their respective
subscale total score [22]. The questions for the SIMR comprised
“Today I felt downhearted and blue” (depression), “Today I felt
scared without any good reason” (anxiety), and “Today I found it
difficult to relax” (stress). The identical rating system as the
DASS-21 was used, comprising ratings from 0 (did not apply to
me at all) to 3 (applied to me very much, or most of the time).

PROMIS sleep disturbance and sleep-related impairment scale. The
PROMIS sleep disturbance and sleep-related impairment scale
(PROMIS sleep) is a 16-item self-report inventory that measures
sleep quality and sleep-related impairment over the last week.
Questions are rated using a 5-point Likert scale, where compo-
nent scores are calculated for sleep disturbance and sleep-related
impairment [23]. Despite having fewer questions than the
Pittsburgh Sleep Quality Index and the Epworth sleepiness scale,
the PROMIS sleep correlated highly with these measures [24].
The PROMIS sleep is also able to significantly differentiate in-
dividuals with and without self-reported sleep disorders and
between those with treated and untreated sleep disorders [23].

World Health Organization 5 Well-Being Index (WHO-5). The
WHO-5 is a 5-item self-report questionnaire that assesses psy-
chological well-being [25]. Questions are rated based on the last
2-wk using a 5-point Likert scale.

Safety and expectancy measures

The tolerability of tablet intake was assessed monthly using
an online question enquiring about the experience of any adverse
events (AEs). Moreover, in week 12, participants completed the
Global Assessment of Tolerability to Therapy, where they indi-
cated that their tolerability to tablet intake ranged from poor to
excellent.

As expectancies can have a significant influence on outcomes
in placebo-controlled trials [26], and in line with recent guide-
lines in nutritional psychiatry [27], the Clinical Trials Treatment
Expectancies Scale (CTTES) was completed by participants at
baseline. The CTTES, a 6-item questionnaire, is a revision of the
Stanford Expectations of Treatment Scale [28], with wording
modified to reference clinical trials examining mood-related
changes.

Sample size calculations

An a priori power analysis was undertaken to estimate the
required sample size (based on a single outcome variable). In
previous depression studies on saffron, there has been significant
variability in the outcome measures used to detect changes in
depression symptoms. In a meta-analysis of randomized, double-
blind, placebo-controlled studies, effect sizes to detect significant
between-group differences in mean change scores in depression
symptoms varied from 0.11 to 3.24 with a pooled effect size of
0.99 [8]. In a study using the DASS-21 depression score as an
outcome measure, an effect size of 0.68 to detect a significant
between-group difference in the mean change in scores was
identified [19]. However, as we recruited adults with subclinical
depression, we predicted a smaller effect size of 0.4 to detect
between-group differences in mean changes in the primary
outcome (DASS-21 depression score). Based on a power of 85%
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and a type 1 error rate («) of 5%, the total number of participants
required to find an effect was 182. Assuming a 10% dropout rate,
a sample size of 202 people was needed to find an effect in the
primary outcome measure.

Statistical analysis

Outcome analyses for the self-report questionnaires were
conducted on the full analysis set (FAS) using an intention-to-
treat analysis and on the per-protocol set (PPS), with all partic-
ipants retained in originally allocated groups. FAS represents the
subset of participants who were randomly assigned, consumed
>1 dose of the investigational product (IP), and had available
efficacy data. PPS was defined as the subset of participants who
were randomly assigned, who consumed >1 dose of the trial
product, had available efficacy data, and had no major protocol
deviations (e.g., withdrew from the study, consumed <80% of
tablets, started prohibited concomitant medications, had missing
data, and/or completed assessments outside proposed time
windows). Reasons for exclusions in the PPS are detailed in the
Supplemental Table 1.

Generalized linear mixed models (GLMM) were used to assess
differences between intervention groups on the DASS-21,
PROMIS sleep, and WHO-5 scores. No manual imputation was
used for missing data, as GLMM handles missing data using
maximum likelihood estimation. Changes in scores from baseline
to week 12 were used to examine group differences. To examine
within-group changes over time, the GLMM was used, with time
points (weeks 0, 4, 8, and 12) included. Random intercepts were
utilized in each model, and covariates age, sex, BMI, and CTTES
positive and negative expectances scores were included (fixed
effects). To examine the clinical significance of the change in the
primary outcome measure (DASS-21 depression score), a Pear-
son y? analysis was undertaken where a reduction of >7 points
from baseline to week 12 was defined as a clinically significant
change [21]. Further, post hoc exploratory analyses were un-
dertaken on the DASS-21 stress and anxiety and PROMIS sleep
scores in a subset of participants experiencing more severe
symptoms at baseline. This comprised analyses of participants
scoring outside the normal range on the DASS-21 stress score
(>14), DASS-21 anxiety score (>8), and with a PROMIS sleep
T-score >75th percentile (T-score >56.5) at baseline. For the
SIMR scores (depression, anxiety, and stress), mean weekly rat-
ings were calculated using the daily ratings for each week from
baseline to endpoint (week 12). If a daily rating was not
completed, mean scores were calculated using the available
completed ratings for the week. In analyses using GLMM, where
applicable, y (with log link function) and normal (with identity
link function) target distributions were used. Appropriate
covariance structures were used to model correlations associated
with repeated time measurements in all models. Robust estima-
tions were used to handle any violations of model assumptions.
Planned contrasts conducted on the SIMR were adjusted using
the least significant difference. All data were analyzed using
SPSS (version 28; IBM) with a critical P value of P < 0.05. As
there was only 1 a priori primary outcome measure, there was no
adjustment to the P value for multiple testing. Moreover, no
adjustment to P values was undertaken for the secondary
outcome measures. These secondary findings are hoped to help
guide planning for future trials, but as this increased risk of type
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1 error, statistically significant secondary findings should be
considered tentative, requiring validation in future studies.

Results

Study population

A total of 245 people underwent a telephone screening, and
202 people were randomly assigned. The most common reasons
for exclusion were withdrawing consent after the telephone
interview (n = 15) and having a current mental health diagnosis
(n = 11). Baseline demographic and clinical characteristics are
detailed in Table 1. The 2 groups were similarly matched in age,
BMI, marital status, educational level, and sex distribution.
Baseline scores on outcome measures were also similar between
the 2 groups.

Outcome measures
Depressive symptoms

As demonstrated in Table 2 and Figure 2, based on the GLMM,
there was a statistically significant greater reduction of 2.92
points [95% confidence interval (CI): 0.71, 5.13 points] in the

TABLE 1
Baseline sociodemographic and clinical characteristics.
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saffron group compared to the placebo group in the DASS-21
depression score (primary outcome measure) from baseline to
week 12 (P = 0.010, Cohen’s d = 0.39). In the saffron group, the
DASS-21 depression score was reduced by a mean of 11.34
points (95% CI: -9.73, —-12.95 points), and in the placebo group,
it was reduced by 8.42 points (95% CIL: —6.79, -10.05 points).
After controlling for baseline scores (mean: 21.47), the DASS-21
depression score was reduced by 52.8% in the saffron group, and
in the placebo group, it was reduced by 39.2%. Based on a
Pearson y2 analysis, a larger proportion of participants in the
saffron group (n = 68; 72.3%) compared to the placebo group (n
= 51; 54.3%) achieved a clinically significant change in their
depression scores from week 0 to week 12 (>7 points) (P =
0.010). An analysis of the PPS (Supplemental Table 2) was
consistent with FAS findings, demonstrating significant between-
group differences in the change in the DASS-21 depression score
(B: —3.07; 95% CI: -0.82, -5.32; d = 0.41, P = 0.008). Statistical
analyses on the FAS without adjustment for covariates revealed
that the crude results were consistent with the adjusted data
(Supplemental Table 3)

As demonstrated in Figure 3, based on the GLMM, there was a
significant group difference in the overall mean daily depression

Placebo (n = 101) Saffron (n = 101)

Age Mean (SE) 45.1 (1.31) 43.9 (1.35)
Sex, (%) Female 73 (72.3) 68 (67.3)
Male 28 (27.7) 33 (32.7)
Height (m) Mean (SE) 1.67 (0.01) 1.69 (0.01)
Weight (kg) Mean (SE) 70.6 (1.42) 72.4 (1.52)
BMI Mean (SE) 25.3 (0.40) 25.4(0.43)
Marital status (n %) Single 54 (53.5) 45 (44.6)
Married/defacto 47 (46.5) 56 (55.4)
Educational level (n %) Secondary 41 (40.6) 45 (44.6)
Tertiary 32 (31.7) 38 (37.6)
Postgraduate 28 (27.7) 18 (17.8)
International physical activity questionnaire category (n %) Low 53 (52.5) 49 (48.5)
Moderate 43 (42.6) 46 (45.5)
High 5 (5.0) 6 (5.9)
Pharmaceutical medication use (medications consumed No medications 77 (76.2) 71 (70.3)
by >5% of participants included) Antidepressants 6 (6.0) 6 (6.0)
Hormonal agents 7 (7.0) 9 (9.0)
Dyslipidemeics 4 (4.0) 5 (5.0)
Occupation (n %) Retired 3(3.0) 7 (6.9)
Unemployed 18 (17.8) 11 (10.9)
Services and sales worker 2 (2.0) 7 (6.9)
Professional 15 (14.9) 20 (19.8)
Elementary occupation 8(7.9 7 (6.9)
Plant and machine operators and 4 (4.0) 0 (0.0)
assemblers
Clerical support worker 7 (6.9) 8(7.9)
Craft and related trades worker 3(3.0) 3(3.0)
Manager 8(7.9) 10 (9.9)
Student 11 (10.9) 12 (11.9)
Technicians and associated trades 22 (21.8) 16 (15.8)
DASS depression score at screening Mean (SE) 25.42 (0.56) 25.26 (0.60)
DASS depression score at day 0 Mean (SE) 21.60 (0.84) 21.78 (0.84)
DASS anxiety score at day 0 Mean (SE) 11.21 (0.73) 11.80 (0.80)
DASS stress score at day 0 Mean (SE) 21.15 (0.80) 22.20 (0.84)
WHO-5 Mean (SE) 6.79 (0.33) 7.34 (0.35)
PROMIS sleep - sleep disturbance T-score Mean (SE) 58.88 (0.77) 59.20 (0.75)
PROMIS sleep - sleep-related impairment T-score Mean (SE) 60.83 (0.73) 60.49 (0.79)

Abbreviations: DASS-21, depression, anxiety and stress scale — 21; PROMIS sleep, PROMIS sleep disturbance and sleep-related impairment scale;

WHO-5, World Health Organization — 5 wellbeing index.
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TABLE 2

Change in self-report questionnaires (estimated marginal means) (full analysis set).
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Placebo (n = 101) Saffron (n = 101) Difference: P value! Cohen’s
Week 0 Week 4 Week 8 Week 12 Change Week 0 Week 4 Week 8 Week 12 Change AEEEED VR €
Saffron (B)
from from
baseline baseline
DASS-21 depression Mean 22.12 13.92 13.58 13.38 -8.42 22.24 13.20 11.00 10.64 -11.34 -2.92 0.010 0.39
score SE 0.88 0.88 0.88 0.90 0.83 0.86 0.88 0.88 0.88 0.82 1.13
DASS-21 anxiety Mean 11.44 6.70 6.18 5.58 -5.68 12.10 6.10 5.94 5.32 -6.52 -0.84 0.223 0.18
score SE 0.60 0.60 0.62 0.62 0.52 0.60 0.60 0.60 0.62 0.50 0.69
DASS-21 stress Mean 21.56 14.54 13.64 12.92 -8.68 22.56 1392 12.66 11.80 -10.41 -1.72 0.092 0.25
score SE 0.78 0.78 0.78 0.80 0.75 0.78 0.78 0.78 0.78 0.74 1.02
PROMIS sleep Mean 59.37 56.95 55.65 55.26 -4.30 59.79 5490 54.47 53.90 -5.75 -1.45 0.123 0.23
disturbance SE 0.86 0.83 0.81 0.81 0.69 0.86 0.79 0.79 0.78 0.69 0.93
(T-score)
PROMIS Mean 61.48 57.22 55.93 55.93 -5.72 61.25 54.77 54.73 53.22 -7.70 -1.98 0.078 0.26
sleep-related SE 0.93 0.87 0.86 0.85 0.83 0.92 0.83 0.84 0.82 0.82 1.12
impairment
(T-score)
WHO-5 Score Mean 6.55 9.56 10.11  11.24 4.30 7.16 10.94 1198 12.56 5.46 1.17 0.105 0.24
SE 0.48 0.48 0.48 0.49 0.53 0.47 0.48 0.48 0.48 0.52 0.72

Results (estimated means) are generated from generalized mixed-effects models adjusted for age, sex, BMI, and clinical trials treatment expectancies
scale positive and negative expectancies score. All within-group changes from weeks 0-12 were statistically significant at P < 0.001 with P values
generated from repeated measures generalized mixed-effects models adjusted for age, sex, BMI, and clinical trials treatment expectancies scale
positive and negative expectancies score (time effects week 0 and week 12).
Abbreviations: DASS-21, depression, anxiety, and stress scale — 21; PROMIS sleep, PROMIS sleep disturbance and sleep-related impairment scale;
WHO-5, World Health Organization-5 Well-Being Index.

1 p values refer to between-group differences in change in values from baseline to week 12 generated from generalized mixed-effects models and
adjusted for age, sex, BMI, and clinical trials treatment expectancies scale positive and negative expectancies score, and corresponding baseline

values.
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FIGURE 2. Change in DASS-21 depression scores over time (FAS). Error bars represent a 95% confidence interval. Sample size (placebo = 101,
saffron = 101). DASS-21, DASS-21, depression, anxiety, and stress scale — 21; FAS, full analysis set.

ratings comprising a mean 0.15 lower rating (95% CI: -0.02,
-0.29) in the saffron group compared to the placebo group over
the 12-wk intervention (P = 0.032).

Anxiety symptoms

As demonstrated in Table 2, based on the GLMM, there was no
significant between-group difference in the change in the DASS-
21 anxiety score (f: —0.84; 95% CIL: 0.51, -2.19; d = 0.18, P =
0.223). In the saffron group, the DASS-21 anxiety score was

reduced by a mean of 6.52 points (95% CI: -5.54, —7.50 points),
and in the placebo group, it was reduced by 5.68 points (95% CI:
—-4.66, —6.70 points). After controlling for baseline scores (mean:
11.35), the DASS-21 anxiety score was reduced by 57.4% in the
saffron group, and in the placebo group, it was reduced by
50.0%. An analysis of the PPS (Supplemental Table 2) was
consistent with FAS findings, demonstrating nonsignificant
between-group differences in the change in the DASS-21 anxiety
score (B: -0.95; 95% CIL: 0.44, -2.34; d = 0.21, P = 0.182).
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FIGURE 3. Mean weekly SIMR (FAS). Error bars represent a 95% confidence interval. P values refer to between-group differences in overall mean
daily SIMR collected from baseline to week 12 generated from generalized mixed-effects models and adjusted for age, sex, BMI, and clinical trials
treatment expectancies scale positive and negative expectancies scores. Sample size (placebo = 101, saffron = 101). FAS, full analysis set; SIMR,

single-item mood rating.

Statistical analyses on the FAS without adjustment for covariates
revealed that the crude results were consistent with the adjusted
data (Supplemental Table 3). Moreover, as demonstrated in
Figure 3, based on the GLMM, there were no significant group
differences in mean daily anxiety ratings.

As 33% of participants (n = 67) at baseline had DASS-21
anxiety scores in the normal range (<7), an exploratory

analysis was undertaken to examine if there were any between-
group differences in changes in the DASS-21 anxiety score in
participants scoring outside the normal range (>7) at baseline.
Based on the FAS, this confirmed that in participants who scored
>7 at baseline on the DASS-21 anxiety scale, there were no
between-group differences in changes in the DASS-21 anxiety
score (B: —0.89; 95% CIL: 0.99, -2.77; d = 0.17, P = 0.358)
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(Supplemental Table 4). From week 0 to week 12, in the saffron
group, the DASS-21 anxiety score reduced by 9.14 points (95%
CI: -7.77,-10.51 points), and in the placebo group, it reduced by
8.25 points (95% CI: -6.90, —-9.60 points). Similar nonsignificant
findings were demonstrated in the PPS (Supplemental Table 5).

Stress symptoms

As demonstrated in Table 2, based on the GLMM, there was no
significant group difference in the change in the DASS-21 stress
score (p: —1.72; 95% CI: 0.28, -3.72; d = 0.25, P = 0.092). In the
saffron group, the DASS-21 stress score was reduced by a mean of
10.41 points (95% CI: —-8.96, —11.86 points), and in the placebo
group, it was reduced by 8.68 points (95% CI: -7.21, -10.15
points). After controlling for baseline scores (mean: 21.53), the
DASS-21 stress score was reduced by 48.3% in the saffron group,
and in the placebo group, it was reduced by 40.3%. An analysis
of the PPS (Supplemental Table 2) was consistent with FAS
findings, demonstrating nonsignificant between-group differ-
ences in the change in the DASS-21 stress score, although a trend
was detected (f: -1.97; 95% CIL: 0.11, -4.05; d = 0.29, P =
0.065). Statistical analyses on the FAS without adjustment for
covariates revealed that the crude results were consistent with
the adjusted data (Supplemental Table 3). As demonstrated in
Figure 3, based on the GLMM, there were no significant group
differences in mean daily stress ratings.

As 20% of participants (n = 41) at baseline had DASS-21
stress scores in the normal range (<14), an exploratory anal-
ysis was undertaken to examine if there were any between-group
differences in changes in the DASS-21 stress score in participants
scoring outside the normal range (>14) at baseline. Based on the
FAS, this confirmed that in participants who scored >14 at
baseline on the DASS-21 scale, there were no between-group
differences in changes in the DASS-21 stress score (f: —-2.14;
95% CI: 0.23, -4.51; d = 0.30, P = 0.078) (Supplemental
Table 4). From week O to week 12, in the saffron group, the
DASS-21 stress score reduced by 12.48 points (95% CI: -10.78,
-14.18 points), and in the placebo group, it reduced by 10.34
points (95% CI: —-8.60, —12.08 points). However, based on the
PPS, between-group differences in changes in the stress score
became significant (p: —2.54; 95% CI: -0.09, -4.99; d = 0.35, P =
0.045) (Supplemental Table 5). From week 0 to week 12, in the
saffron group, the DASS-21 stress score reduced by 12.55 points
(95% CI: -10.83, —14.28 points), and in the placebo group, it
reduced by 10.02 points (95% CI: -8.19, —-11.85 points).

Sleep disturbance

As demonstrated in Table 2, based on the GLMM, there was no
significant group difference in the change in the PROMIS sleep
disturbance score (p: —-1.45; 95% CI: 0.37, -3.27; d = 0.23, P =
0.123). After controlling for baseline scores (mean: 59.17), the
sleep disturbance score was reduced by 9.7% in the saffron
group, and in the placebo group, it was reduced by 7.3%. An
analysis of the PPS (Supplemental Table 2) was consistent with
FAS findings, demonstrating nonsignificant between-group dif-
ferences in the change in the PROMIS sleep disturbance score (p:
-1.58; 95% CI: 0.32, -3.48; d = 0.25, P = 0.106). Statistical
analyses on the FAS without adjustment for covariates revealed
that the crude results were consistent with the adjusted data
(Supplemental Table 3).
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A sub-group exploratory analysis of participants having a
baseline T-score >75th percentile (>56.5) revealed a significant
group difference (Supplemental Table 4) (f: -2.72; 95% CI:
-0.45,-4.99; d = 0.44, P = 0.020). For participants in the saffron
group who scored above the 75th percentile on the sleep
disturbance scale at baseline, the T-score reduced by 7.55 points
(95% CI: -2.94, -5.66 points), and in the placebo group, it
decreased by 4.83 points (95% CI: -2.94, -5.66 points). After
controlling for baseline scores (mean: 63.55), the sleep distur-
bance score was reduced by 11.9% in the saffron group, and in
the placebo group, it was reduced by 7.6%. An analysis of the
PPS (Supplemental Table 5) was consistent with FAS findings,
demonstrating significant between-group differences in the
change in the PROMIS sleep disturbance score (p: —-2.79; 95% CI:
-0.44, -5.14; d = 0.45, P = 0.022).

Sleep-related impairment

As demonstrated in Table 2, based on the GLMM, there was no
significant group difference in the change in the PROMIS sleep-
related impairment score (p: -1.98; 95% CIL: 0.22, -4.18; d =
0.26, P = 0.078), although a strong trend was detected. In the
saffron group, the PROMIS sleep disturbance score was reduced
by a mean of 7.70 points (95% CI: —2.94, -5.66 points), and in
the placebo group, it was reduced by 5.72 points (95% CI: -2.94,
-5.66 points). After controlling for baseline scores (mean:
60.62), the sleep disturbance score was reduced by 12.7% in the
saffron group, and in the placebo group, it was reduced by 9.4%.
An analysis of the PPS (Supplemental Table 2) was consistent
with FAS findings, demonstrating nonsignificant between-group
differences in the change in the PROMIS sleep-related impair-
ment score (f: -2.01; 95% CI: 0.28, -4.30; d = 0.26, P = 0.087).
Statistical analyses on the FAS without adjustment for covariates
revealed that the crude results were consistent with the adjusted
data (Supplemental Table 3).

A sub-group exploratory analysis of participants having a
baseline T-score >75th percentile (>56.5) revealed a near sig-
nificant group difference (Supplemental Table 4) (p: —2.74; 95%
CI: -0.04, -5.44; d = 0.37, P = 0.050). For participants in the
saffron group who scored above the 75th percentile on the sleep-
related impairment scale at baseline, the T-score reduced by 9.94
points (95% CI: —2.94, -5.66 points), and in the placebo group, it
decreased by 7.19 points (95% CI: -2.94, -5.66 points). After
controlling for baseline scores (mean: 64.56), the sleep-related
impairment score was reduced by 15.4% in the saffron group,
and in the placebo group, it was reduced by 11.1%. An analysis
of the PPS (Supplemental Table 5) was consistent with FAS
findings, demonstrating nonsignificant between-group differ-
ences in the change in the PROMIS sleep-related impairment
score, although a strong trend was detected (p: —2.72; 95% CI:
0.10, -5.54; d = 0.36, P = 0.062).

General well-being

As demonstrated in Table 2, based on the GLMM, there was no
significant group difference in the change in the WHO-5 total
score (f: 1.17; 95% CI: -0.24, 2.58; d = 0.24, P = 0.105). In the
saffron group, the WHO-5 total score was increased by a mean of
5.46 points (95% CI: 4.44, 6.48 points), and in the placebo
group, it was increased by 4.30 points (95% CL: 3.26, 5.34
points). After controlling for baseline scores (mean :7.04), the
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WHO-5 score was increased by 77.6% in the saffron group, and
in the placebo group, it was increased by 61.0%. An analysis of
the PPS (Supplemental Table 2) was consistent with FAS find-
ings, demonstrating nonsignificant between-group differences in
the change in the WHO-5 score, although a strong trend was
detected (f: 1.37; 95% CI: -0.08, 2.82; d = 0.28, P = 0.066).

Intake of supplements

IP bottles with remaining tablets were counted by partici-
pants on week 12. Based on these details, 95% of participants
who completed the study took over 80% of their tablets.

Adverse reactions and treatment discontinuation
Participants reported no serious AEs, and there was a similar
frequency of AEs classified as possibly or probably related to the
tablet intake (Supplemental Table 6). In the placebo group, 1.0%
(n = 1) of participants experienced a treatment-related AE,
whereas in the saffron group, 2.97% (n = 3) of participants
experienced a treatment-related AE. In the saffron group,
treatment-related AEs included abdominal pain (n = 1), head-
aches (n = 1), and skin boils/ itchy skin (n = 1). The global
assessment of tolerability to therapy results is detailed in Sup-
plemental Table 7, which indicates that in both groups, over 95%
of participants reported good or excellent tolerability of tablets.
A total of 14 people discontinued the study, comprising 7
people in each group. In the saffron group, reasons provided for
study discontinuation included no reason given (n = 4), adverse
reaction possibly associated with IP intake (n = 1), the reoc-
currence of a previous medical condition that was unrelated to IP
intake (n = 1), and inconsistent tablet intake (n = 1). In the
placebo group, discontinuation reasons included no reason given
(n = 3), adverse reaction possibly associated with IP intake (n =
1), increased personal stressors (n = 1), commencement of an-
tidepressant medication due to a worsening mood (n = 1), and an
illness occurring before IP commencement (n = 1). An analysis of
participants discontinuing treatment revealed they had charac-
teristics similar to those of the total sample, as they were similar
in sex distribution, age, BMI, DASS-21 depression score at
baseline, and CTTES positive and negative expectancies scores.

Efficacy of participant blinding

To assess the effectiveness of condition concealment during
the trial, participants predicted their condition allocation (i.e.,
placebo, saffron, or unsure) at the end of the study. Overall group
concealment was high, as 59.1% of participants in the placebo
group and 60.0% of participants in the saffron group were unsure
or incorrectly guessed treatment allocation. These rates are
similar to other trials conducted on saffron and other botanicals
for the treatment of mood disturbances [29-31]. For participants
in the placebo group who correctly guessed their group alloca-
tion, the reasons given for the correct prediction included
experiencing no mood improvement (n = 36, 38.7%) and there
was no saffron taste/odor (n = 2, 2.2%). For participants in the
saffron group who correctly guessed their group allocation, the
reasons given for the correct prediction included experiencing a
mood improvement (n = 33, 34.7%), there was a saffron tas-
te/odor (n = 7, 7.4%), or due to the experience of an adverse
reaction (n = 1, 1.1%).
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Discussion

The results of this 12-wk, randomized, double-blind, placebo-
controlled study add to the body of evidence of the antidepressant
effects of a saffron extract (Affron) but in a population of gener-
ally healthy adults with subclinical depression. Based on the re-
sults of the primary outcome measure (DASS-21 depression
score), saffron at a dose of 14 mg twice daily was associated with
a statistically significant greater reduction in depressive symp-
toms compared to the placebo. In the saffron group, the DASS-21
depression score was reduced by a mean of 53% from baseline to
week 12, compared to a smaller mean reduction of 39% in the
placebo group. These results are considered clinically meaningful
as 72% of participants in the saffron group, compared to 54% of
participants in the placebo group, achieved a clinically mean-
ingful reduction of 7 or more points on the DASS-21 depression
score from baseline to week 12. An examination of secondary
outcome measures comprising the DASS-21 anxiety and stress
scores, WHO-5 total score, and PROMIS sleep scores revealed no
significant between-group differences in changes in these scores
over time. As not all participants at baseline presented with dis-
turbances in anxiety, stress, or sleep, an exploratory analysis was
undertaken on a subset of participants with symptomatic prob-
lems in these areas. This revealed that in a subset of participants
with sleep problems (represented by a T-score >75th percentile
at baseline), there were significant between-group differences
comprising a reduction of 12% in the sleep disturbance score in
the saffron group (8% reduction in the placebo group), and a 15%
reduction in the sleep-related impairment score (11% reduction
in the placebo group). However, due to the exploratory nature of
these analyses, these findings should be viewed cautiously.

As a monotherapy or adjunctive treatment of depression,
saffron has undergone >14 randomized, double-blind clinical
trials, with the bulk of evidence confirming its antidepressant
efficacy [7]. Treatment is typically administered at 28-30 mg
daily for 6-8 wk to adults diagnosed with major depressive dis-
order. In a meta-analysis by Marx et al. [8], an effect size of 0.99
(95% CI: 0.80, 1.19) was calculated based on the results from 14
trials. Twelve of these trials were conducted in Iran and 2 in
Australia. In comparison to these trials, a smaller effect size of
~0.4 was identified in this study. The recruitment of a nonclin-
ical, generally healthy population of people with subclinical
depression and/or the utilization of the DASS-21 to assess
depressive symptomatology could account for this smaller effect
size. In the majority of trials, the Beck Depression Inventory and
the Hamilton Depression Rating Scale were used as outcome
measures. However, as high correlations between the DASS-21
depression score and these outcome measures have been identi-
fied [32-34], the discrepancy in effect sizes is unlikely to be
primarily attributed to this factor. It is important to note that most
of the studies have been conducted in Iran [8]; therefore, cultural
variables, including differences in diet, lifestyle, environmental
stressors, and even the intestinal microbiome, are plausible fac-
tors that require evaluation in future trials [35,36].

Strengths, limitations, and directions for future
research

The results of this study provide further confirmation of the
antidepressant effects and tolerability of saffron but in adults
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with subclinical depression and over a treatment duration of 12
wk. The use of validated self-report measures administered
monthly, along with daily mood ratings, provides a clearer un-
derstanding of the progression of mood-related changes after
saffron administration. Moreover, an analysis of reliable change
indices in the DASS-21 depression score demonstrated that for a
significant portion of participants supplemented with saffron
(72%), clinically meaningful changes were achieved. However, it
is important to note that in this study, there were significant
placebo responses. For all the administered outcome measures,
statistically significant improvements were observed in the pla-
cebo group. In fact, clinically meaningful reductions in the DASS-
21 depression score occurred in 54% of participants. Placebo
responses are common in depression trials and have been
observed in previous saffron trials conducted by our research
group [18,37,38]. It is important to note that most of the placebo
responses occurred in the first 4 wk of treatment, with little
improvement occurring thereafter. This may be partly attributed
to the population recruited in this trial comprising adults with
subclinical depression. Details of participants’ history of
depressive symptoms and stability of symptoms over time were
not examined, which could contribute to the identified signifi-
cant improvements or regression to the mean changes seen in
both the placebo and saffron groups over time. Therefore, uti-
lizing measures to detect treatment effects more sensitively will
be important in future trials. This includes utilizing outcome
measures that can detect small but meaningful changes, intro-
ducing placebo analyzing phases, and extending treatment pe-
riods >4 wk, which may result in a waning of the placebo
response over time [39,40]. Recruiting participants with a
long-term state of subclinical depression will also help confirm
the findings identified in this study.

Itisimportant to highlight the eligibility criteria utilized in this
study as they are applicable to the generalizability of the findings.
Generally, healthy adults with subclinical depression were
recruited, and only 6% of participants were taking a pharma-
ceutical antidepressant. Participants were excluded if they were
recently diagnosed with a significant medical condition and/or
had an unmanaged medical disease. Moreover, nicotine smokers,
significantly under- or overweight participants, people with high
alcohol intake, or regular users of illicit drugs were excluded. A
population of generally healthy participants was recruited in the
study for several reasons. Research has consistently demonstrated
that having a comorbid medical condition and the previous-
mentioned risk factors can be considerable contributors to
depressive symptoms and are associated with treatment-resistant
depression [41-45]. In fact, when such comorbidities are present,
treatment guidelines often include more comprehensive in-
terventions that target psychological, lifestyle, and dietary factors,
along with medical treatments that specifically target physical
complications associated with these conditions [46,47]. As a
stand-alone intervention, the administration of saffron to partic-
ipants with such comorbidities would, therefore, not be based on
evidence-based best practice. Moreover, in most countries, saffron
is classed as a dietary herbal supplement that is available in retail
channels without prescription. Accordingly, in most countries,
structure, function, or health claims, but not disease-related
claims, are only permitted for dietary supplements. Because of
these reasons, the results of this study should be considered
applicable to generally healthy adults with subclinical depression.
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Further research into the efficacy and safety of saffron in people
presenting with these comorbid conditions is required, ideally
administered as an adjunct intervention. Some efficacy has been
demonstrated in people with depression and cardiovascular dis-
ease, diabetes, and in females undergoing treatment of breast
cancer, although further research is advised [48-50].

In this study, several secondary and exploratory analyses
were undertaken to help understand the therapeutic efficacy of
saffron. These demonstrated between-group differences in
changes in sleep outcomes in a subset of participants presenting
with sleep-related problems and nonsignificant group differ-
ences in changes in anxiety and stress. However, these findings
should be viewed cautiously due to an increased risk of type 1
error. Moreover, as participants presenting with stress and anx-
iety were not specifically recruited, the nonsignificant effects of
saffron on these symptoms should also be examined further in
future trials. In previous trials on saffron, stress-reducing and
anxiolytic effects have been identified [7,51], and several
meta-analyses have confirmed sleep improvements in people
with insomnia and sleep-related problems [14-16]. Other study
limitations included the potential effect of regression to the
mean bias associated with natural symptom variation. Moreover,
dose-response effects were not examined in this study, which
will be important to investigate in future trials.

Finally, a further examination into the mechanisms of action
associated with the antidepressant effects of saffron is required.
It is speculated that saffron may work through multiple physio-
logical mechanisms. It has been shown to influence the activity
of neurotransmitters such as serotonin, dopamine, and glutamate
[52,53], modulate the stress response through its effect on
hypothalamus-pituitary-adrenal axis activity [54], increase
neurotrophins such as brain-derived neurotrophic factor [55,
56]; and reduce inflammation and oxidative stress[10-12,57].
However, further research is required to elucidate how saffron
works to reduce depressive symptoms.

In summary, this study builds on the World Federation of
Societies of Biological Psychiatry and Canadian Network for
Mood and Anxiety Treatment guidelines published in 2022,
supporting saffron’s antidepressant efficacy [7]. It provides
additional evidence of safety and efficacy in nonclinical pop-
ulations over a longer treatment duration of 12 wk and utilizes a
robust sample size. Future trials in participants with varying
symptomatology and demographic and sociographic character-
istics, along with an examination into the mechanistic actions of
saffron, will be important to complete in the future.

Acknowledgments

We thank Pharmactive Biotech Products, SLU, for funding the
project and supplying the investigational products used for this
study.

Author contributions

The authors’ responsibilities were as follows-ALL, SJS,
MD-M, MIM-V: conceptualization and methodology; ALL:
formal analysis; ALL, SJS: investigation; ALL, SJS: wri-
ting—original draft preparation; ALL, SJS, WM, MD-M, MIM-
V: writing—review and editing; and all authors: read and
approved the final manuscript.



A.L. Lopresti et al.

Conflict of interest

ALL is the Managing Director of Clinical Research Australia, a
contract research organization that receives research funding
from nutraceutical companies. ALL has also received presenta-
tion honoraria from nutraceutical companies. SJS is an employee
of Clinical Research Australia. WM has received funding and/or
attended events funded by Cobram Estate Pty. Ltd. and Bega
Dairy and Drinks Pty. Ltd. WM has also received travel funding
from the Nutrition Society of Australia, consultancy funding
from Nutrition Research Australia and ParachuteBH, and
speakers’ honoraria from VitaFoods, the Cancer Council
Queensland, and the Princess Alexandra Research Foundation.
MD-M and MIM-V are employees of the study sponsor, Phar-
mactive Biotech Products SLU.

Funding

This study received funding from Pharmactive Biotech
Products, SLU. Pharmactive Biotech Products also provided the
investigational products used in this study. The funder was
involved in the conceptualization of the study design but was not
involved in the conduct of this study, data collection, or the
decision to publish the results.

Data availability

The datasets generated during and/or analyzed during the
current study are available from the corresponding author upon
reasonable request.

Appendix A. Supplementary data
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.tjnut.2025.05.024.

References

[1] M.R. Rodriguez, R. Nuevo, S. Chatterji, J.L. Ayuso-Mateos, Definitions
and factors associated with subthreshold depressive conditions: a
systematic review, BMC Psychiatry 12 (2012) 181, https://doi.org/
10.1186/1471-244X-12-181.

J.M. Fils, E.C. Penick, E.J. Nickel, E. Othmer, C. Desouza, W.F. Gabrielli,
et al., Minor versus major depression: a comparative clinical study,
Prim. Care Companion J Clin. Psychiatry. 12 (1) (2010).
PCC.08m00752. https://doi.org/10.4088/PCC.08m00752blu.

R. Zhang, X. Peng, X. Song, J. Long, C. Wang, C. Zhang, et al., The
prevalence and risk of developing major depression among individuals
with subthreshold depression in the general population, Psychol. Med.
53 (8) (2023) 3611-3620, https://doi.org/10.1017/
50033291722000241.

H.R. Wagner, B.J. Burns, W.E. Broadhead, K.S. Yarnall, A. Sigmon,

B.N. Gaynes, Minor depression in family practice: functional morbidity, co-
morbidity, service utilization and outcomes, Psychol. Med. 30 (6) (2000)
1377-1390, https://doi.org/10.1017/s0033291799002998.

P. Cuijpers, N. Vogelzangs, J. Twisk, A. Kleiboer, J. Li, B.W. Penninx,
Differential mortality rates in major and subthreshold depression: meta-
analysis of studies that measured both, Br. J Psychiatry. 202 (1) (2013)
22-27, https://doi.org/10.1192/bjp.bp.112.112169.

C. Barbui, A. Cipriani, V. Patel, J.L. Ayuso-Mateos, M. van Ommeren,
Efficacy of antidepressants and benzodiazepines in minor depression:
systematic review and meta-analysis, Br. J Psychiatry. 198 (1) (2011)
11-16, https://doi.org/10.1192/bjp.bp.109.076448.

J. Sarris, A. Ravindran, L.N. Yatham, W. Marx, J.J. Rucklidge,

R.S. McIntyre, et al., Clinician guidelines for the treatment of psychiatric
disorders with nutraceuticals and phytoceuticals: the World Federation
of Societies of Biological Psychiatry (WFSBP) and Canadian Network for
Mood and Anxiety Treatments (CANMAT) Taskforce, World J Biol.
Psychiatry. 23 (6) (2022) 424-455, https://doi.org/10.1080/
15622975.2021.2013041.

[2]

[3]

[4]

[51

(6]

(71

11

[81

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

The Journal of Nutrition xxx (xxxx) xxx

W. Marx, M. Lane, T. Rocks, A. Ruusunen, A. Loughman, A. Lopresti, et
al., Effect of saffron supplementation on symptoms of depression and
anxiety: a systematic review and meta-analysis, Nutr. Rev. 77 (8) (2019)
557-571, https://doi.org/10.1093/nutrit/nuz023.

A. Shafiee, K. Jafarabady, N. Seighali, I. Mohammadi, S. Rajai Firouz
Abadi, F.S. Abhari, et al., Effect of saffron versus selective serotonin
reuptake inhibitors (SSRIs) in treatment of depression and anxiety: A
meta-analysis of randomized controlled trials, Nutr. Rev. 83 (3) (2025)
e751-e761, https://doi.org/10.1093/nutrit/nuae076.

A.L. Lopresti, P.D. Drummond, Saffron (Crocus sativus) for depression: a
systematic review of clinical studies and examination of underlying
antidepressant mechanisms of action, Hum. Psychopharmacol. 29 (6)
(2014) 517-527, https://doi.org/10.1002/hup.2434.

M. Shafiee, S. Arekhi, A. Omranzadeh, A. Sahebkar, Saffron in the
treatment of depression, anxiety and other mental disorders: current
evidence and potential mechanisms of action, J Affect Disord 227
(2018) 330-337, https://doi.org/10.1016/j.jad.2017.11.020.

S. Abdian, S. Fakhri, S.Z. Moradi, M.R. Khirehgesh, J. Echeverria,
Saffron and its major constituents against neurodegenerative diseases: A
mechanistic review, Phytomedicine 135 (2024) 156097, https://
doi.org/10.1016/j.phymed.2024.156097.

S. Chauhan, A. Tiwari, A. Verma, P.K. Padhan, S. Verma, P.C. Gupta,
Exploring the potential of saffron as a therapeutic agent in depression
treatment: A comparative review, Yale. J Biol. Med. 97 (3) (2024)
365-381, https://doi.org/10.59249/XURF4540.

M.P. Munirah, M.N. Norhayati, M. Noraini, Crocus sativus for Insomnia:
A Systematic Review and Meta-Analysis, Int J Environ Res Public
Health 19 (18) (2022) 11658, https://doi.org/10.3390/
ijerph191811658.

J. Lian, Y. Zhong, H. Li, S. Yang, J. Wang, X. Li, et al., Effects of saffron
supplementation on improving sleep quality: a meta-analysis of
randomized controlled trials, Sleep Med 92 (2022) 24-33, https://
doi.org/10.1016/j.sleep.2022.03.001.

S.K. Sadat Rafiei, S. Abolghasemi, M. Frashidi, S. Ebrahimi, F. Gharei,
Z. Razmkhah, et al., Saffron and sleep quality: A systematic review

of randomized controlled trials, Nutr. Metab. Insights. 16 (2023)
11786388231160317, https://doi.org/10.1177/11786388231160317.
A.L. Lopresti, P.D. Drummond, A.M. Inarejos-Garcia, M. Prodanov,
affron®, a standardised extract from saffron (Crocus sativus L.) for the
treatment of youth anxiety and depressive symptoms: A randomised,
double-blind, placebo-controlled study, J Affect Disord 232 (2018)
349-357, https://doi.org/10.1016/j.jad.2018.02.070.

A.L. Lopresti, S.J. Smith, S.D. Hood, P.D. Drummond, Efficacy of a
standardised saffron extract (affron®) as an add-on to antidepressant
medication for the treatment of persistent depressive symptoms in
adults: A randomised, double-blind, placebo-controlled study,

J Psychopharmacol 33 (11) (2019) 1415-1427, https://doi.org/
10.1177/0269881119867703.

G. Kell, A. Rao, G. Beccaria, P. Clayton, A.M. Inarejos-Garcia,

M. Prodanov, affron® a novel saffron extract (Crocus sativus L.)
improves mood in healthy adults over 4 weeks in a double-blind,
parallel, randomized, placebo-controlled clinical trial, Complement Ther,
Med. 33 (2017) 58-64, https://doi.org/10.1016/j.ctim.2017.06.001.
T.A. Brown, B.F. Chorpita, W. Korotitsch, D.H. Barlow, Psychometric
properties of the Depression Anxiety Stress Scales (DASS) in clinical
samples, Behav. Res. Ther. 35 (1) (1997) 79-89, https://doi.org/
10.1016/50005-7967(96)00068-x.

F.R. Ronk, J.R. Korman, G.R. Hooke, A.C. Page, Assessing clinical
significance of treatment outcomes using the DASS-21, Psychol. Assess.
25 (4) (2013) 1103-1110, https://doi.org/10.1037,/a0033100.

J.C. Verster, E. Sandalova, J. Garssen, G. Bruce, The use of single-item
ratings versus traditional multiple-item questionnaires to assess mood
and health, Eur. J Investig. Health Psychol. Educ. 11 (1) (2021)
183-198, https://doi.org/10.3390/ejihpe11010015.

D.J. Buysse, L. Yu, D.E. Moul, A. Germain, A. Stover, N.E. Dodds, et al.,
Development and validation of patient-reported outcome measures for
sleep disturbance and sleep-related impairments, Sleep 33 (6) (2010)
781-792, https://doi.org/10.1093/sleep/33.6.781.

L. Yu, D.J. Buysse, A. Germain, D.E. Moul, A. Stover, N.E. Dodds, et al.,
Development of short forms from the PROMIS™ sleep disturbance and
Sleep-Related impairment item banks, Behav. Sleep Med. 10 (1) (2011)
6-24, https://doi.org/10.1080/15402002.2012.636266.

C.W. Topp, S.D. @stergaard, S. Sgndergaard, P. Bech, The WHO-5 Well-
Being Index: a systematic review of the literature, Psychother
Psychosom 84 (3) (2015) 167-176, https://doi.org/10.1159/
000376585.


https://doi.org/10.1016/j.tjnut.2025.05.024
https://doi.org/10.1186/1471-244X-12-181
https://doi.org/10.1186/1471-244X-12-181
https://doi.org/10.4088/PCC.08m00752blu
https://doi.org/10.1017/S0033291722000241
https://doi.org/10.1017/S0033291722000241
https://doi.org/10.1017/s0033291799002998
https://doi.org/10.1192/bjp.bp.112.112169
https://doi.org/10.1192/bjp.bp.109.076448
https://doi.org/10.1080/15622975.2021.2013041
https://doi.org/10.1080/15622975.2021.2013041
https://doi.org/10.1093/nutrit/nuz023
https://doi.org/10.1093/nutrit/nuae076
https://doi.org/10.1002/hup.2434
https://doi.org/10.1016/j.jad.2017.11.020
https://doi.org/10.1016/j.phymed.2024.156097
https://doi.org/10.1016/j.phymed.2024.156097
https://doi.org/10.59249/XURF4540
https://doi.org/10.3390/ijerph191811658
https://doi.org/10.3390/ijerph191811658
https://doi.org/10.1016/j.sleep.2022.03.001
https://doi.org/10.1016/j.sleep.2022.03.001
https://doi.org/10.1177/11786388231160317
https://doi.org/10.1016/j.jad.2018.02.070
https://doi.org/10.1177/0269881119867703
https://doi.org/10.1177/0269881119867703
https://doi.org/10.1016/j.ctim.2017.06.001
https://doi.org/10.1016/s0005-7967(96)00068-x
https://doi.org/10.1016/s0005-7967(96)00068-x
https://doi.org/10.1037/a0033100
https://doi.org/10.3390/ejihpe11010015
https://doi.org/10.1093/sleep/33.6.781
https://doi.org/10.1080/15402002.2012.636266
https://doi.org/10.1159/000376585
https://doi.org/10.1159/000376585

A.L. Lopresti et al.

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

(371

[38]

[39]

[40]

[41]

[42]

J. Baker, M. Gamer, J. Rauh, S. Brassen, Placebo induced expectations
of mood enhancement generate a positivity effect in emotional
processing, Sci. Rep. 12 (1) (2022) 5345, https://doi.org/10.1038/
s41598-022-09342-2.

W. Marx, M. Visser, C. Wallace, F.N. Jacka, J. Bayes, H. Francis, et al.,
Methodological and reporting recommendations for clinical trials, in:
Nutritional Psychiatry: guidelines from the International Society for
Nutritional Psychiatry Research, Br. J Nutr, 2024, pp. 1-13, https://
doi.org/10.1017/S0007114524001946.

J. Younger, V. Gandhi, E. Hubbard, S. Mackey, Development of the
Stanford Expectations of Treatment Scale (SETS): a tool for measuring
patient outcome expectancy in clinical trials, Clin. Trials. 9 (6) (2012)
767-776, https://doi.org/10.1177/1740774512465064.

S.J. Smith, A.L. Lopresti, T.J. Fairchild, Exploring the efficacy and safety
of a novel standardized ashwagandha (Withania somnifera) root extract
(Witholytin®) in adults experiencing high stress and fatigue in a
randomized, double-blind, placebo-controlled trial, J Psychopharmacol
37 (11) (2023) 1091-1104, https://doi.org/10.1177/
02698811231200023.

A.L. Lopresti, S.L. Smith, A.P. Metse, P.D. Drummond, A randomized,
double-blind, placebo-controlled trial investigating the effects of an
Ocimum tenuiflorum (Holy Basil) extract (HolixerTM) on stress, mood,
and sleep in adults experiencing stress, Front Nutr 9 (2022) 965130,
https://doi.org/10.3389/fnut.2022.965130.

A.L. Lopresti, S.J. Smith, P.D. Drummond, An investigation into an
evening intake of a saffron extract (affron®) on sleep quality, cortisol,
and melatonin concentrations in adults with poor sleep: a randomised,
double-blind, placebo-controlled, multi-dose study, Sleep Med 86
(2021) 7-18, https://doi.org/10.1016/j.sleep.2021.08.001.

P.F. Lovibond, S.H. Lovibond, The structure of negative emotional
states: comparison of the Depression Anxiety Stress Scales (DASS) with
the Beck Depression and Anxiety Inventories, Behav. Res. Ther. 33 (3)
(1995) 335-343, https://doi.org/10.1016/0005-7967(94)00075-u.
A.T. Gloster, H.M. Rhoades, D. Novy, J. Klotsche, A. Senior, M. Kunik, et
al., Psychometric properties of the Depression Anxiety and Stress Scale-
21 in older primary care patients, J Affect. Disord 110 (3) (2008)
248-259, https://doi.org/10.1016/j.jad.2008.01.023.

J. Dahm, D. Wong, J. Ponsford, Validity of the Depression Anxiety
Stress Scales in assessing depression and anxiety following traumatic
brain injury, J Affect Disord 151 (1) (2013) 392-396, https://doi.org/
10.1016/j.jad.2013.06.011.

B.H. Hidaka, Depression as a disease of modernity: explanations for
increasing prevalence, J Affect Disord 140 (3) (2012) 205-214, https://
doi.org/10.1016/j.jad.2011.12.036.

M. Syromyatnikov, E. Nesterova, M. Gladkikh, Y. Smirnova,

M. Gryaznova, V. Popov, Characteristics of the gut bacterial
composition in people of different nationalities and religions,
Microorganisms 10 (9) (2022) 1866, https://doi.org/10.3390/
microorganisms10091866.

AL. Lopresti, P.D. Drummond, Efficacy of curcumin, and a saffron/
curcumin combination for the treatment of major depression: A
randomised, double-blind, placebo-controlled study, J Affect Disord
207 (2017) 188-196, https://doi.org/10.1016/j.jad.2016.09.047.

M. Fava, A.E. Evins, D.J. Dorer, D.A. Schoenfeld, The problem of the
placebo response in clinical trials for psychiatric disorders: culprits,
possible remedies, and a novel study design approach, Psychother.
Psychosom. 72 (3) (2003) 115-127, https://doi.org/10.1159/
000069738.

K. Evans, L. Colloca, M. Pecina, N. Katz, What can be done to control the
placebo response in clinical trials? A narrative review, Contemp. Clin.
Trials. 107 (2021) 106503, https://doi.org/10.1016/
j.cct.2021.106503.

P. Enck, U. Bingel, M. Schedlowski, W. Rief, The placebo response in
medicine: minimize, maximize or personalize? Nat. Rev. Drug. Discov.
12 (3) (2013) 191-204, https://doi.org/10.1038/nrd3923.

P. Adekkanattu, M. Olfson, L.C. Susser, B. Patra, V. Vekaria,

B.J. Coombes, et al., Comorbidity and healthcare utilization in patients
with treatment resistant depression: A large-scale retrospective cohort
analysis using electronic health records, J Affect Disord 324 (2023)
102-113, https://doi.org/10.1016/j.jad.2022.12.044.

K.B. Madsen, N.C. Momen, L.V. Petersen, O. Plana-Ripoll,

B.C. Haarman, H. Drexhage, et al., Bidirectional associations between
treatment-resistant depression and general medical conditions, Eur.

12

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[501]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

The Journal of Nutrition xxx (xxxx) xxx

Neuropsychopharmacol. 51 (2021) 7-19, https://doi.org/10.1016/
j-euroneuro.2021.04.021.

D.V. Iosifescu, B. Bankier, M. Fava, Impact of medical comorbid disease
on antidepressant treatment of major depressive disorder, Curr.
Psychiatry. Rep. 6 (3) (2004) 193-201, https://doi.org/10.1007/
$11920-004-0064-2.

T. Korchia, M. Faugere, N. Suc, A. Garosi, C. Andrieu-Haller,

M. Breyton, et al., Recommendations of the treatment-resistant
depression expert center network for promoting tobacco smoking
cessation based on the results from the real-world FACE-TRD national
cohort, Prog. Neuropsychopharmacol. Biol. Psychiatry. 114 (2022)
110479, https://doi.org/10.1016/j.pnpbp.2021.110479.

E.V. Nunes, D. Deliyannides, S. Donovan, P.J. McGrath, The
management of treatment resistance in depressed patients with
substance use disorders, Psychiatr. Clin. North Am. 19 (2) (1996)
311-327, https://doi.org/10.1016/s0193-953x(05)70290-2.

W. Marx, S.H. Manger, M. Blencowe, G. Murray, F.Y. Ho, S. Lawn, et al.,
Clinical guidelines for the use of lifestyle-based mental health care in
major depressive disorder: World Federation of Societies for Biological
Psychiatry (WFSBP) and Australasian Society of Lifestyle Medicine
(ASLM) taskforce, World J Biol. Psychiatry 24 (5) (2023) 333-386,
https://doi.org/10.1080/15622975.2022.2112074.

1. Maurus, S. Wagner, J. Spaeth, A. Vogel, S. Muenz, V. Seitz, et al., EPA
guidance on lifestyle interventions for adults with severe mental illness:
A meta-review of the evidence, Eur. Psychiatry. 67 (1) (2024) e80,
https://doi.org/10.1192/j.eurpsy.2024.1766.

A. Tajaddini, N. Roshanravan, M. Mobasseri, A. Aeinehchi, P. Sefid-
Mooye Azar, A. Hadi, et al., Saffron improves life and sleep quality,
glycaemic status, lipid profile and liver function in diabetic patients: A
double-blind, placebo-controlled, randomised clinical trial, Int. J Clin.
Pract. 75 (8) (2021) e14334, https://doi.org/10.1111/ijcp.14334.

E. Moazen-Zadeh, S.H. Abbasi, H. Safi-Aghdam, N. Shahmansouri,

A. Arjmandi-Beglar, A. Hajhosseinn Talasaz, et al., Effects of saffron on
cognition, anxiety, and depression in patients undergoing coronary
artery bypass grafting: A randomized double-blind placebo-controlled
trial, J Altern, Complement Med. 24 (4) (2018) 361-368, https://
doi.org/10.1089/acm.2017.0173.

R. Salek, M. Dehghani, S.A. Mohajeri, A. Talaei, A. Fanipakdel,

S.A. Javadinia, Amelioration of anxiety, depression, and chemotherapy
related toxicity after crocin administration during chemotherapy of
breast cancer: A double blind, randomized clinical trial, Phytother. Res.
35 (9) (2021) 5143-5153, https://doi.org/10.1002/ptr.7180.

F. Askari, J. Seidi, M.K. Nagshbandi, H. Kashefi, S. Shami, Evaluation of
saffron (Crocus sativus L) effects on anxiety in hospitalized patients
with acute coronary syndrome, Adv. Biomed. Res. 12 (2023) 100,
https://doi.org/10.4103/abr.abr_6_21.

C. Monchaux De Oliveira, L. Pourtau, S. Vancassel, C. Pouchieu,

L. Capuron, D. Gaudout, et al., Saffron extract-induced improvement of
depressive-like behavior in mice is associated with modulation of
monoaminergic neurotransmission, Nutrients 13 (3) (2021) 904,
https://doi.org/10.3390/nu13030904.

E. Corridori, S. Salviati, M.G. Demontis, P. Vignolini, C. Vita, A. Fagiolini,
et al., Therapeutic potential of saffron extract in mild depression: A study
of its role on anhedonia in rats and humans, Phytother. Res. 39 (3) (2025)
1277-1291, https://doi.org/10.1002/ptr.8424.

C.Y. Kim, K. Ko, S.H. Choi, M. Jo, J. Kim, S. Yoon, et al., Effects of
Saffron Extract (Affron®) with 100 mg/kg and 200 mg/kg on
Hypothalamic-Pituitary-Adrenal Axis and Stress Resilience in Chronic
Mild Stress-Induced Depression in Wistar rats, Nutrients 15 (23) (2023)
4855, https://doi.org/10.3390/nul15234855.

A K. Kamaei, S.F. Hosseini, P. Teimourparsaei, M. Payamani, S. Vaseghi, The
effect of acute crocin on behavioral changes and BDNF expression level in
socially isolated rats, Naunyn. Schmiedebergs. Arch Pharmacol. 397 (6)
(2024) 3929-3944, https://doi.org/10.1007/s00210-023-02843-5.

Z. Chen, J. Gu, S. Lin, Z. Xu, H. Xu, J. Zhao, et al., Saffron essential oil
ameliorates CUMS-induced depression-like behavior in mice via the
MAPK-CREB1-BDNF signaling pathway, J Ethnopharmacol 300 (2023)
115719, https://doi.org/10.1016/j.jep.2022.115719.

H. Bahari, M. Shahraki Jazinaki, L. Aghakhani, M.R. Amini,

Z. Noushzadeh, R. Khodashahi, et al., Crocin supplementation on
inflammation and oxidative stress: A systematic review and meta-
analysis, Phytother. Res. 39 (1) (2025) 465-479, https://doi.org/
10.1002/ptr.8380.


https://doi.org/10.1038/s41598-022-09342-2
https://doi.org/10.1038/s41598-022-09342-2
https://doi.org/10.1017/S0007114524001946
https://doi.org/10.1017/S0007114524001946
https://doi.org/10.1177/1740774512465064
https://doi.org/10.1177/02698811231200023
https://doi.org/10.1177/02698811231200023
https://doi.org/10.3389/fnut.2022.965130
https://doi.org/10.1016/j.sleep.2021.08.001
https://doi.org/10.1016/0005-7967(94)00075-u
https://doi.org/10.1016/j.jad.2008.01.023
https://doi.org/10.1016/j.jad.2013.06.011
https://doi.org/10.1016/j.jad.2013.06.011
https://doi.org/10.1016/j.jad.2011.12.036
https://doi.org/10.1016/j.jad.2011.12.036
https://doi.org/10.3390/microorganisms10091866
https://doi.org/10.3390/microorganisms10091866
https://doi.org/10.1016/j.jad.2016.09.047
https://doi.org/10.1159/000069738
https://doi.org/10.1159/000069738
https://doi.org/10.1016/j.cct.2021.106503
https://doi.org/10.1016/j.cct.2021.106503
https://doi.org/10.1038/nrd3923
https://doi.org/10.1016/j.jad.2022.12.044
https://doi.org/10.1016/j.euroneuro.2021.04.021
https://doi.org/10.1016/j.euroneuro.2021.04.021
https://doi.org/10.1007/s11920-004-0064-2
https://doi.org/10.1007/s11920-004-0064-2
https://doi.org/10.1016/j.pnpbp.2021.110479
https://doi.org/10.1016/s0193-953x(05)70290-2
https://doi.org/10.1080/15622975.2022.2112074
https://doi.org/10.1192/j.eurpsy.2024.1766
https://doi.org/10.1111/ijcp.14334
https://doi.org/10.1089/acm.2017.0173
https://doi.org/10.1089/acm.2017.0173
https://doi.org/10.1002/ptr.7180
https://doi.org/10.4103/abr.abr_6_21
https://doi.org/10.3390/nu13030904
https://doi.org/10.1002/ptr.8424
https://doi.org/10.3390/nu15234855
https://doi.org/10.1007/s00210-023-02843-5
https://doi.org/10.1016/j.jep.2022.115719
https://doi.org/10.1002/ptr.8380
https://doi.org/10.1002/ptr.8380

	An Examination into the Effects of a Saffron Extract (Affron) on Mood and General Wellbeing in Adults Experiencing Low Mood ...
	Introduction
	Methods
	Study design and procedures
	Participants
	Inclusion criteria
	Exclusion criteria

	Interventions
	Outcome measures
	Primary outcome measure
	DASS-21 depression score

	Secondary outcome measures
	DASS-21 anxiety and stress scores
	SIMR
	PROMIS sleep disturbance and sleep-related impairment scale
	World Health Organization 5 Well-Being Index (WHO-5)

	Safety and expectancy measures

	Sample size calculations
	Statistical analysis

	Results
	Study population
	Outcome measures
	Depressive symptoms
	Anxiety symptoms
	Stress symptoms
	Sleep disturbance
	Sleep-related impairment
	General well-being

	Intake of supplements
	Adverse reactions and treatment discontinuation
	Efficacy of participant blinding

	Discussion
	Strengths, limitations, and directions for future research

	flink5
	slink29
	slink30
	slink31
	slink32
	slink33

	References


