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Abstract

Background: Depression, anxiety, and stress are common among individuals with type 2 diabetes. This study aimed
to investigate the effects of curcumin—piperine supplementation on stress, depression, and anxiety in patients with
type 2 diabetes.

Methods: In this randomized, double-blind, placebo-controlled trial, 64 patients with type 2 diabetes who met the
inclusion criteria were randomly assigned to receive either one capsule of 500 mg curcumin—piperine supplement or
one placebo daily for 12 weeks. Anthropometric indices as well as scores for depression, stress, and anxiety were
measured at baseline and after the intervention.

Results: All 64 patients completed the study. Compared to the placebo group, the curcumin—piperine group showed a
significant reduction in stress and anxiety scores (P = 0.005 and P = 0.038, respectively). No significant differences
were observed in depression scores (P = 0.163), body mass index (BMI, kg/m?), waist circumference (WC, cm), or
body weight (kg) between the two groups (BMI: 29.97 £ 4.54 vs. 28.95 £ 3.85; WC: 103.56 = 13.71 vs. 96.12 + 13.71;
weight: 83.64 + 14.30 vs. 74.53 £+ 11.82, respectively).

Conclusion: Daily curcumin—piperine supplementation significantly reduced stress and anxiety levels in patients with
type 2 diabetes, though no significant effects were observed on depression or anthropometric measures.
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Introduction

Depression, anxiety, and stress are common psy-
chological conditions among individuals with
type 2 diabetes (Collins et al., 2009; Mirzaei).
These mental health disorders are associated with
diabetes-related complications, hyperglycemia,
poor disease management, non-adherence to die-
tary recommendations, and insufficient physical
activity (Lin et al., 2004; Lustman et al., 2000).
Moreover, type 2 diabetes and depression are
closely linked, with depression being associated
with hypercortisolism, which increases the risk of
insulin resistance, dyslipidemia, and hyperten-
sion—known risk factors for diabetes (Champan-
eri et al., 2010). The effectiveness of antidepres-
sant medications in people with type 2 diabetes
remains unclear, and due to their adverse effects,
many patients avoid using them (Katon, 2003).
Therefore, there is growing interest in exploring
traditional herbal medicines as alternative options
for antidepressant drug development.

Gastrointestinal disorders—such as abdominal
pain, dysphagia, and diarrhea—are also fre-
quently observed and are often associated with
anxiety and depression (Chandran et al., 2003).
Curcumin, a bioactive compound found in tur-
meric, has been shown to alleviate oxidative
stress and exhibits strong antioxidant properties
(Hewlings & Kalman, 2017; Oliveira et al.,
2020). Curcumin may also influence levels of do-
pamine, serotonin, and noradrenaline in the cen-
tral nervous system, which may be linked to the
severity of depressive symptoms (Hewlings &
Kalman, 2017; Kaufmann et al., 2016; Lopresti et
al., 2012).

Combining curcumin with piperine—a com-
pound derived from black pepper—enhances its
clinical efficacy, as piperine improves the bioa-
vailability of curcumin by reducing its urinary ex-
cretion and hepatic conjugation (Cicero et al.,
2020). According to the monoamine-deficiency
theory, depression is rooted in the depletion of
serotonin and dopamine in the central nervous
system. Both animal and in vitro studies have
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shown that curcumin administration can normal-
ize the levels of these neurotransmitters (Kulkarni
etal., 2009; Lopresti et al., 2012). Several clinical
trials with a duration of 4-8 weeks and a curcu-
min dosage ranging from 250 to 1,000 mg/day
have suggested that curcumin may be beneficial
in the prevention and treatment of anxiety and de-
pression in obese individuals and patients with
major depressive disorder (Esmaily et al., 2015;
Lopresti, Maker, et al., 2014; Panahi et al., 2015).
Previous studies have also shown that combining
curcumin with piperine has anti-inflammatory ef-
fects in patients with diabetes, typically using a
formulation of 500 mg curcumin with 5 mg pip-
erine (Bang et al.,, 2009; Lu et al., 2016;
Mujumdar et al., 1990; Yu & Huang, 2011).
Based on this evidence, we hypothesized that cur-
cumin—piperine supplementation may help re-
duce stress, depression, and anxiety in patients
with type 2 diabetes. To our knowledge, no pre-
vious study has specifically examined the effects
of curcumin—piperine supplementation on these
psychological outcomes in this population.
Therefore, the present study was conducted to
evaluate the effects of curcumin—piperine supple-
mentation on stress, depression, and anxiety in in-
dividuals with type 2 diabetes.

Material and Methods

Study Design

The study protocol was explained to eligible par-
ticipants, and written informed consent was ob-
tained from each patient's legal guardian. Patients
were randomly assigned to two groups to receive
either one capsules of a curcumin—piperine sup-
plement or one placebo daily for 12 weeks.

Each capsule contained 500 mg of curcumin and
5 mg of piperine.

The placebo (Gooya Pharmed Co.) was identical
in color, shape, size, taste, and packaging, and
contained maltodextrin. Both the placebo and the
curcumin—piperine supplements were packaged
in sealed boxes labeled with coded identifiers to
maintain blinding.
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Supplements and placebos were provided by
Gooya Pharma (Tehran, Iran) and were taken af-
ter dinner. Participants were instructed to store
the supplements in the refrigerator door (28 °C).
To monitor compliance, the researcher main-
tained regular telephone contact with participants
and their families throughout the study.

The study protocol was approved by the Ethics
Committee of Lorestan University of Medical
Sciences (Approval Code:
IR.LUMS.REC.1401.135; Date: July 23, 2022).
Participant recruitment began in September 2022
and continued until October 2023.

Dietary intake and physical activity, considered
potential confounding variables, were assessed
using a 24-hour dietary recall and the Interna-
tional Physical Activity Questionnaire (IPAQ)
(Hagstromer et al., 2006). In addition, anthropo-
metric indices and psychological parameters (de-
pression, anxiety, and stress) were measured at
baseline and after the intervention.

Subjects

In this double-blind, placebo-controlled trial, 100
male and female patients with type 2 diabetes
were recruited from the Endocrine Clinic at
Lorestan University of Medical Sciences,
Lorestan, Iran.

Inclusion criteria were as follows: aged 18—65
years; diagnosis of type 2 diabetes confirmed for
at least one year with fasting blood sugar (FBS)
>126 mg/dL; no planned changes in diet or treat-
ment during the study; a score >7 on the Depres-
sion subscale of the Depression, Anxiety and
Stress Scale-21 (DASS-21), indicating moderate
or greater depressive symptoms (Lovibond &
Lovibond, 1995); and provision of written in-
formed consent.

Non-inclusion criteria included: presence of sys-
temic diseases (e.g., other endocrine disorders),
pregnancy or lactation, adherence to special diets,
comorbid conditions other than type 2 diabetes,
use of anticoagulants (e.g., warfarin, aspirin,
Plavix), medications interacting with curcumin—
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piperine (e.g., Zentec, Tagamet, Pepcid, Omepra-
zole), unwillingness to participate, or recent
(within one month) use of antidepressants, anti-
anxiety, anti-stress, or sleep medications.

Exclusion criteria included: serious adverse
events potentially related to the intervention,
meeting any non-inclusion criteria after enroll-
ment, hospitalization during the study, or con-
suming less than 90% of the prescribed supple-
ments.

Only the study nurses were aware of treatment al-
location. They conducted randomization, coded
the supplements, and distributed them, but were
not involved in data analysis. Participants were
instructed to take one capsule daily, delivering
(500 mg curcumin + 5 mg piperine).

Anthropometric Measurements

Body weight, height, and waist circumference
(WC) were measured at baseline and at the end of
the intervention. Height was measured barefoot
to the nearest 0.5 cm using a wall-mounted tape
measure. Weight was measured using a Seca dig-
ital scale (precision: 100 g). Waist circumference
was measured to the nearest 0.5 cm at the mid-
point between the lower margin of the last rib and
the top of the iliac crest, at the level of the navel.
Body mass index (BMI) was calculated as weight
(kg) divided by height squared (m?).

Assessment of Depression, Anxiety, and Stress

Psychological parameters were evaluated using
the Iranian validated version of the DASS-21
questionnaire, a self-report instrument with 7
items per subscale assessing depression, anxiety,
and stress (Sahebi et al., 2005). Participants rated
items on a 4-point Likert scale from 0 ("Did not
apply to me at all") to 3 ("Applied to me very
much or most of the time"). Scores were doubled
to align with the full 42-item DASS scale. Cut-off
scores were >10 for depression, >8 for anxiety,
and >15 for stress.

Physical Activity Assessment

Herbal Medicines Journal. 2025, 10(2)
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Physical activity was assessed using the short
form of the International Physical Activity Ques-
tionnaire (IPAQ) (Naderyan et al., 2019). The
Persian-translated  version,  validated by
(Moghaddam et al., 2012), was used. Participants'
physical activity levels were classified as low,
moderate, or high according to IPAQ guidelines.

Dietary Analysis

Dietary intake was assessed at baseline (week 0),
week 6, and week 12 using 24-hour dietary recalls
covering three weekdays at each time point. Data
were analyzed using Nutritionist software Ver-
sion 4. Turmeric intake was also recorded using
the 24-hour recall method. Since curcumin is a
key compound in turmeric and curry powder, its
intake was estimated from the literature (Tayyem
et al., 2006). Turmeric is typically consumed in
small amounts as a spice in Iranian cuisine.

Sample Size Calculation

Based on (Asadi et al., 2020), the mean (= SD)
depression scores in the intervention and control
groups were 15.3 = 2.6 and 17.3 £ 3.1, respec-
tively. With 80% power and a significance level
0f 0.05, a sample size of 32 participants per group
was calculated. To account for an estimated 10%
dropout rate, 36 participants were allocated to
each group.

Randomization and Allocation

Block randomization was performed using R
software (version 3.4.1). To maintain allocation
concealment, unique codes were assigned to each
sachet containing either curcumin—piperine or
placebo. A third party, not involved in the study,
generated the random codes and labeled the sa-
chets. Participants were randomly assigned based
on the coded sequence and neither the partici-
pants nor the researchers were aware of group as-
signments (double-blind design). Compliance
was monitored by checking returned tablet con-
tainers.

Written informed consent was obtained from all
participants, and the study was approved by the
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Ethics Committee of Lorestan University of Med-
ical Sciences.

Statistical Analysis

Quantitative and qualitative data were summa-
rized using mean = SD and frequency (%), re-
spectively. Normality of distribution was tested
using the Shapiro—Wilk test.

Independent sample t-tests were used to compare
means between groups. Paired sample t-tests
were used to compare within-group changes be-
fore and after the intervention. To compare
changes between groups, ANCOVA was per-
formed, adjusting for body weight and waist cir-
cumference as potential confounders. A p-value
<0.05 was considered statistically significant.

Results

Figure 1 illustrates the participant flow from
screening to analysis in a simplified format: of the
100 patients screened, 28 were excluded (5 did
not meet inclusion criteria, 23 declined participa-
tion). Seventy-two participants were randomized
equally into the curcumin—piperine group (n =
36) and placebo group (n = 36). Four participants
from each group were lost to follow-up (due to
travel or non-adherence), leaving 32 participants
in each group for final analysis.

Table 1 presents the baseline characteristics of
participants in the curcumin-piperine and placebo
groups, including demographic and lifestyle var-
iables such as gender, marital status, smoking, ed-
ucation level, and job status. There were no sig-
nificant differences between the two groups in
terms of gender (p=1.000), marital status
(p=1.000), smoking status (p=0.193), or job cate-
gory (p=0.110). However, a significant difference
was observed in education level (p=0.022).

At baseline, there were no significant differences
between groups for any dietary factor (all
p>0.05). During the intervention, no significant
between-group differences were observed in en-
ergy, protein, carbohydrate, total fat, saturated fat,
MUFA, PUFA, fiber, or the examined vitamins at
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week 6 or week 12 (all p>0.05). However, within-
group analysis showed significant changes over
time for most variables (energy, protein, carbohy-
drate, fiber, vitamin B6: Pb<<0.001; saturated fat
and MUFA: Pb<0.001; PUFA: Pb=0.002 in the
curcumin-piperine group; and multiple variables
including fiber, vitamin B12, and B9 in the pla-
cebo group).

Table 2 presents the mean values of body weight,
body mass index (BMI), and waist circumference
at baseline and after 12 weeks of intervention in
the curcumin-piperine and placebo groups. At
baseline, waist circumference was significantly
higher in the curcumin-piperine group compared
to the placebo group (p=0.026), while body
weight (p=0.239) and BMI (p=0.218) showed no

Fig. 1 Flow dia-

significant difference. After 12 weeks, no signifi-
cant between-group differences were observed in
body weight (p=0.629), BMI (p=0.334), or waist
circumference (p=0.264). Within-group analysis
showed no significant changes in body weight
(p=0.071 vs. 0.496), BMI (p=0.120 vs. 0.467), or
waist circumference (p=0.111 vs. 0.231) in either
group over the study period.

Table 3 presents the baseline distribution of de-
pression, anxiety, and stress levels in the interven-
tion (curcumin-piperine) and control (placebo)
groups. There were no significant differences be-
tween the two groups in the baseline distribution
of depression (p=0.270), stress (p=0.720), or anx-
iety (p=0.366) levels.

gram of the study

[ Enrollment J

Asseszsed for eligibility

(n=100)

Excluded (n=28)

» ¢ did not meet inclusion criteria
(n=3)

¢ declined participation (n=23)

Seventy-two participants were randomized (n=72)

l

Allocated to pl:{cebo group (n=36)
¢ Received placebo (n=36)

Allocation Allocated to curcumin-piperine

supplements group (n=36)
* Recetved curcumin-piperine
(n=36)

Lost to follow-up (n=4)
* 4 due to travel (n=4)

Follow-Up Lost to fallow-up (n=4)

+ 2 due to non-adherence (n=2)
* 2 due to travel (n=2)

l

Analysis ]

Analysed (n=32)

Table 4 presents the odds ratios (OR) and 95%
confidence intervals for the association between
the intervention (curcumin-piperine) and post-
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Analysed (n=32)

intervention categories of depression, stress, and
anxiety compared with the control group. The in-
tervention did not significantly affect depression
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categories compared to normal (mild: OR=6.21, severe: OR=419.39, p=0.006) and anxiety (mild:
95% CI: 0.78-49.23, p=0.084; moderate—severe: OR=42.83, p=0.003; moderate—severe:
OR=6.61, 95% CI: 0.61-71.60, p=0.120). How- OR=104.05, p=0.002), indicating markedly
ever, significant associations were observed for higher odds of in.

stress (mild: OR=91.19, p=0.012; moderate—

Table 1 Baseline Characteristics Characteristics curcumin-piperine placebo P valuea
characteristics of pa- group(n=32) group (n=32)
tients in the two Gender Men (%) 14 (43.75) 14 (43.75) 1.000
groups Women (%) 18 (56.25) 18 (56.25)
Total 32 (100) 32 (100)
Marital Single (%) 1(3.2) 1(3.2) 1.000
status Married (%) 31 (96.87) 31(96.87)
Total 32 (100) 32 (100)
Smoking Yes (%) 14 (43.75) 9(28.13) 0.193
No (%) 18 (56.25) 23 (71.87)
Total 32 (100) 32 (100)
Education Less than a diploma 16 (53.12) 27 (84.37) 0.022
Diploma and higher 15 (46.87) 5(15.62)
Total 32 (100) 32 (100)
Job Housekeeper 13 (40.6) 5(15.6) 0.110
Self-employment 5(15.6) 10 (31.3)
employee 10 (31.3) 10 (31.3)
Retired 4 (12.5) 7(21.9)
Total 32 (100) 32 (100)

Data are reported as average (standard deviation) for age and as number (percentage) for other variables.
P?: Obtained from chi-square for variables

Table 2 Anthropo- Variable Curcumin-piperine Placebo group (n=32) P value?®
metric measurement group (n=32)
in two groups atbase- Bodyweight (kg)
line and after 12 Week 0 78.670 £0.472 79.505 +£0.472 0.239
weeks. Week 12 83.64 + 14.30 74.53 +£11.82 0.629
P value® 0.071 0.496
BMI(Kg/m2)
Week 0 30.05+£4.59 28.75 +£3.68 0.218
Week 12 29.97 +4.54 28.95 +3.85 0.334
P value® 0.120 0.467
Waist circumference
(cm)
Week 0 104.73 £ 15.78 96.28 +13.85 0.026
Week 12 103.56 + 13.71 96.12 +13.71 0.264
P value® 0.111 0.231

Data are reported as Mean = SD.

P2 Obtained from the Independent t-test at baseline and the end of the study analysis of covariance
adjusted for baseline values.

P®: Obtained from the paired sample t-test

Table 3 Compare base- Variable Category Control (n=32) Intervention(n=32) value™®
line score of depression, 5 5 P
anxiety, and stress be- Depres- Normal 10 (31.3%) 13 (40.6%) 0.270
tw ; sionB.Cat Mild 13 (40.6%) 7 (21.9%)
een two groups.
Moderate—Severe 9 (28.1%) 12 (37.5%)
StressB.Cat Normal 10 (31.3%) 13 (40.6%) 0.720
Mild 10 (31.3%) 8 (25.0%)
Moderate—Severe 12 (37.5%) 11 (34.4%)
AnxietyB.Cat  Normal 11 (34.4%) 14 (43.8%) 0.366
Mild 11 (34.4%) 6 (18.8%)
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Moderate—Severe

10 (31.3%)

12 (37.5%)

*

chi-square test
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Table 4 Odds ratios (OR) Out-

Category vs Reference (Nor- OR

95% CILower 95% CI Up- p-value

and 95% confidence inter- come  mal) per

vals for the effect of inter- De- Mild vs Normal 6.208 0.783 49.226 0.084
vention group compared to  pres- Moderate—Severe vs Normal ~ 6.606 0.609 71.603 0.120
control group on post-test sion

Depression, Stress, and Stress  Mild vs Normal 91.190 2.743 3031.242 0.012
Anxiety categories. Models Moderate—Severe vs Normal  419.386  5.589 31471.324 0.006
adjusted for baseline values Anxi-  Mild vs Normal 42831  3.604 509.091 0.003
(B.Cat) and education ety Moderate—Severe vs Normal ~ 104.049 5.396 2006.380 0.002

Discussion significantly reduced both depression and anxiety

This study evaluated the effects of curcumin—pip-
erine supplementation on stress and anxiety in pa-
tients with type 2 diabetes. Our findings indicated
that curcumin—piperine supplementation signifi-
cantly reduced anxiety and stress scores com-
pared to the placebo. However, no significant ef-
fects were observed for depression, body mass in-
dex (BMI, kg/m?), body weight (kg), or waist cir-
cumference (cm). To our knowledge, this is the
first study to assess the impact of curcumin—pip-
erine on stress, depression, and anxiety in patients
with type 2 diabetes.

Our results are consistent with a 4-week clinical
trial in which supplementation with 1,000 mg of
curcumin reduced anxiety in obese individuals
without diabetes, though no significant effect was
observed on depression scores (Esmaily et al.,
2015). Similarly, another trial showed that 1,000
mg of curcumin for 6 weeks had no significant
effect on depression in individuals with severe
depressive symptoms (Sanmukhani et al., 2014).
In another study, Bergman et al. found no signif-
icant reduction in depression scores following 5
weeks of supplementation with 500 mg curcumin
combined with 5 mg piperine in individuals with
severe depressive symptoms (Bergman et al.,
2013). Conversely, a trial using a higher dose of
curcumin (1,500 mg/day) reported significant re-
ductions in depression and anxiety symptoms in
individuals with major depressive disorder. How-
ever, the higher dosage and smaller sample size
may have contributed to the greater observed ef-
fect (Kanchanatawan et al., 2018). Two additional
studies demonstrated that supplementation with
1,000 mg curcumin combined with volatile oils

Herbal Medicines Journal. 2025, 10(2)

in patients with moderate depression, although
the inclusion of volatile oils may have enhanced
curcumin’s effectiveness (Lopresti &
Drummond, 2017; Lopresti, Maes, et al., 2014).
In our study, the relatively low dosage of curcu-
min (500 mg) and piperine (5 mg) may have lim-
ited the supplement's efficacy, particularly for de-
pression symptoms.

The variability in findings across studies may be
partly explained by differences in baseline symp-
tom severity, participant comorbidities, co-inter-
ventions, and curcumin formulations or doses.
For example, studies enrolling participants with
moderate depression and using higher or en-
hanced-bioavailability curcumin doses tended to
report greater improvements in depression scores,
whereas those with participants already receiving
psychiatric medications or with severe baseline
symptoms often showed limited additional bene-
fit. Duration of intervention and concurrent life-
style or dietary changes may also contribute to the
heterogeneity.

Hyperglycemia can trigger oxidative stress via
several biochemical pathways—including glu-
cose autoxidation, the polyol pathway, prostanoid
synthesis, and protein glycation. Previous studies
have reported associations between oxidative
stress and both depression and anxiety, poten-
tially due to the overexpression of pro-inflamma-
tory cytokines leading to neuroinflammation and
neurodegeneration (Csiszar et al., 2008; Michel et
al., 2012).

Beyond its anti-stress properties, our findings
support the anxiolytic effects of curcumin in type
2 diabetes. Animal studies suggest that
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curcumin’s anxiolytic effects may result from the
modulation of central monoaminergic neuro-
transmission, particularly serotonin (Benammi et
al., 2014).

No significant changes were observed in anthro-
pometric measurements (BMI, body weight,
waist circumference) in our study. A systematic
review reported that curcumin supplementation
may reduce body weight, BMI, and waist circum-
ference. However, these effects were more com-
monly observed in trials that used higher doses of
curcumin (>500 mg/day), included additional
compounds such as fenugreek fiber, or targeted
overweight individuals (Mousavi et al., 2020).
On the other hand, studies using lower doses of
curcumin (<500 mg/day) typically did not report
significant changes in anthropometric outcomes,
which aligns with our findings. Another system-
atic review suggested that bioavailable forms of
curcumin can reduce obesity and overweight, but
the efficacy was more pronounced in studies us-
ing higher doses and smaller sample sizes (Hariri
& Haghighatdoost, 2018).

This study has several limitations. First, the rela-
tively low dosage of curcumin (500 mg) and pip-
erine (5 mg) may have limited efficacy, particu-
larly for depression outcomes. Second, no meas-
urements of inflammatory or oxidative stress bi-
omarkers were performed, which could have pro-
vided mechanistic insights. Third, the interven-
tion duration (12 weeks) may be too short to ob-
serve meaningful changes in depression out-
comes. Finally, data on concomitant medication
use were not collected in sufficient detail.

Conclusion

Daily supplementation with curcumin—piperine
significantly reduced stress and anxiety in pa-
tients with type 2 diabetes. However, no signifi-
cant effects were observed for depression or an-
thropometric indices. Future studies should con-
sider including inflammatory and oxidative stress
biomarker measurements to better elucidate
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potential mechanisms of curcumin—piperine’s
psychological effects.
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