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1. Abstract

1.1. Background / Objectives: Preclinical studies have reported
effects of Cirsium brevicaule on lipid metabolism and adipocyte
differentiation, whereas human data on commercial multi-in-
gredient powders containing processed C. brevicaule remain
limited. We reanalyzed two independent exploratory single-arm
before-after studies in which a processed C. brevicaule-contain-
ing powder marketed under the same name was consumed for
12 weeks and evaluated changes in metabolic, vascular, and im-
mune-related biomarkers.

1.2. Methods: Study | included 18 adults with type 2 diabe-
tes, and Study 2 included nine untreated men aged >40 years
with BMI >25 kg/m?2. The study product was supplied in 2.5-g
sachets and consumed as two sachets in the morning and one
in the evening (7.5 g product/day) for 12 weeks. The product
contained a proprietary blended ingredient containing processed
C. brevicaule; the amount of the proprietary blend and the ex-
act amount and proportion of processed C. brevicaule within it
were not disclosed by the manufacturer because they constitute
proprietary formulation information. Study 1 included 11 out-
comes and Study 2 included 30 outcomes. Benjamini-Hochberg

False-Discovery-Rate (FDR) correction was applied within each
study and analysis population. In Study 2, all nine participants
were retained in the main analysis, and a post hoc sensitivity
analysis was conducted in seven participants after excluding
two with acute upper-respiratory symptoms and self-reported
non-adherence at the final assessment. HOMA-IR was derived
post hoc.

1.3. Results: In Study 1, HDL-C decreased from 51.17 + 11.26 to
47.33 +£9.78 mg/dL (mean change —3.83 mg/dL; 95% CI —6.15
to —1.52; p=0.0028; q=0.0306), and this was the only endpoint
that remained significant after FDR correction. In the Study 2
main analysis, fasting insulin changed from 13.60 [9.28, 17.50]
to 9.15 [6.03, 12.60] plU/mL (p=0.0742), and NK-cell activity
changed from 48.44 + 14.60% to 51.89 + 13.50% (p=0.2936);
none of the 30 outcomes was significant after FDR correction.
In the seven-participant post hoc sensitivity analysis, fasting in-
sulin (p=0.0469) and NK-cell activity (p=0.0230) changed nom-
inally significantly, but neither remained significant after FDR
correction. Post hoc HOMA-IR was likewise nonsignificant in
the nine-participant analysis and nominally significant only in
the seven-participant analysis.
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1.4. Conclusions: Broad metabolic or immunological effects of
12-week supplementation with the processed C. brevicaule-con-
taining powder were not established in the main analyses. The
changes in fasting insulin, HOMA-IR, and NK-cell activity
observed in the Study 2 post hoc sensitivity analysis should be
regarded as hypothesis-generating signals concerning metabol-
ic-immune responses. The HDL-C decrease observed in Study
1, safety, including the observed lipid and renal-function signals,
and the reproducibility of the formulation-level findings should
be evaluated in a prospectively registered, randomized, place-
bo-controlled trial.

2. Introduction

Cirsium brevicaule A. Gray is an Asteraceae plant native to the
southwestern islands of Japan and has been used as a food. Cel-
lular and animal studies of C. brevicaule have reported inhibi-
tion of adipocyte differentiation and lipid accumulation, includ-
ing suppression of fatty acid synthase expression by leaf-derived
monogalactosyldiacylglycerol and modulation of adipocyte
differentiation by root-derived syringin [1-3]. Preclinical data
on related Cirsium flavonoids and compounds have also been
reported in relation to glucose metabolism, inflammation, JAK/
STAT signaling, and immune responses [4—7]. However, be-
cause these studies differ in plant part, extract or compound, and
animal model, they do not directly establish human effects of a
multi-ingredient food containing processed C. brevicaule.

In clinical research on plant-derived foods, it is important to dis-
tinguish the effects of single compounds identified preclinically
from the response to the formulation actually consumed. Even
when the plant species is the same, bioavailability and biological
effects may differ according to the plant part used, processing
procedures, extraction conditions, coexisting ingredients, and
dose. In commercial multi-ingredient foods, additive or inter-
active effects among ingredients are also possible; therefore, at-
tributing a post-supplementation change to a specific botanical
constituent requires additional compositional analysis or com-
parative trials. The processed C. brevicaule-containing powder
examined here was likewise a multi-ingredient formulation.
Accordingly, previous findings on C. brevicaule were used as
biological background rather than as a basis for attributing the
clinical results to that plant alone.

Insulin resistance is one of the central pathophysiological fea-
tures of type 2 diabetes and obesity-related metabolic disorders.
It is complexly related to hyperinsulinemia, hepatic glucose pro-
duction, dyslipidemia, and ectopic fat accumulation, and insulin
action is not uniform across organs [8—10]. Fasting insulin and
the homeostasis model assessment of insulin resistance (HO-
MA-IR) are convenient surrogate indices used in large-scale
and clinical studies [11,12]. Although these indices are practical
surrogate measures that correlate with clamp-based measures
in some settings, they do not directly measure individual-lev-
el insulin sensitivity and should be interpreted in light of their
dependence on fasting glucose and insulin physiology [11-14].
Therefore, a decrease in fasting insulin cannot simply be treated

as synonymous with improved insulin sensitivity.

Metabolic homeostasis and the immune system are not mutually
independent. Natural killer (NK) cells are cytotoxic lymphocytes
of the innate immune system that contribute to defense against
infection and tumor immune surveillance, and their function is
regulated by activating and inhibitory receptors, cytokines, and
intracellular metabolic state [15-18]. NK-cell number, pheno-
type, and function change with aging and constitute part of im-
munosenescence [19]. NK-cell energy metabolism is also close-
ly linked to effector function [20], and studies of obesity and
adipose-tissue inflammation have shown that NK cells can par-
ticipate in macrophage activation and insulin resistance [21,22].
Lipid accumulation in the obese environment can induce meta-
bolic reprogramming of NK cells and impair antitumor function
[23], whereas recovery of NK-cell metabolism and function has
been reported after GLP-1 receptor agonist treatment in people
with obesity [24], highlighting bidirectional links between met-
abolic state and NK-cell function.

For these reasons, observing metabolic indices and NK-cell ac-
tivity under the same intervention has exploratory value. Howev-
er, NK-cell activity is not a fixed individual trait, and short-term
variation related to biological state and preanalytical conditions
cannot be excluded. In the present studies, acute illness, sleep
or stress, blood-collection timing, specimen transport, and assay
conditions were not all fully standardized or documented. Fur-
thermore, obesity-related changes in NK cells are not necessari-
ly identical in peripheral blood and adipose tissue, and the tissue
immune environment cannot be inferred from a single circulat-
ing functional assay. Thus, even if metabolic indices and NK-
cell activity change concurrently, they should not immediately
be reduced to a single common mechanism; reproducibility and
mechanism must be evaluated stepwise.

Viewed from the perspective of aging biology, nutrient sensing,
mitochondrial function, and chronic inflammation are major bi-
ological features of aging [25,26]. Forkhead box O3 (FOXO3)
is a transcription factor downstream of insulin/IGF-1 signaling,
and its association with human longevity has been reproduced in
multiple populations [27-30]. Signaling from the insulin recep-
tor through phosphoinositide 3-kinase (PI3K)-AKT regulates
FOXO phosphorylation and intracellular localization [31-33],
while SIRT1-dependent deacetylation and direct regulation by
AMP-activated protein kinase (AMPK) also contribute to FOXO
responses [34,35]. AMPK has been shown to connect NAD+
metabolism with SIRT1 activity [36], and NAD+-dependent sir-
tuins are closely related to mitochondrial biology, metabolism,
stress responses, and age-related disease [37—41]. Nutritional
and pharmacological approaches targeting FOXO3 have also
been proposed [42], but none of these pathways was directly
measured in the present studies. The key point is not to confuse
discussion of longevity-associated genes or nutrient-sensing
pathways with evidence of clinical efficacy. FOXO03, AMPK,
NAD+, and sirtuins constitute candidate networks that could
help organize possible explanations for the observed biomarker
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changes, but their activity cannot be inferred from short-term
blood-test changes. Because these pathways connect insulin sig-
naling, mitochondrial function, stress responses, and chronic in-
flammation [25-42], they nevertheless provide a useful theoret-
ical framework for parallel evaluation of metabolic and immune
outcomes and for selecting molecular markers to be measured
directly in the next trial.

In the present study, we reanalyzed participant-level data from
two independent single-arm before-after studies in which a
multi-ingredient powder marketed under the same name and
containing processed C. brevicaule was consumed for 12 weeks.
Study 1 enrolled adults with type 2 diabetes, whereas Study 2
enrolled untreated men at metabolic risk; because the two pop-
ulations differed substantially in background, it was not appro-
priate to combine them for an integrated efficacy assessment.
The objective was to transparently quantify within-participant
changes in metabolic, vascular, inflammatory, and immune-re-
lated biomarkers in each study, account for multiplicity, and
identify human signals that should be retested in future con-
trolled trials. In Study 2 in particular, the main analysis of all
nine participants was clearly separated from the post hoc sensi-
tivity analysis excluding two participants with acute symptoms
and non-adherence, and the relationships among fasting insulin,
HOMA-IR, and NK-cell activity were considered in a hypothe-
sis-generating manner.

3. Materials and Methods
3.1. Study Design

This study was a reanalysis of two mutually independent explor-
atory single-arm before-after studies comparing measurements
before and after 12 weeks of supplementation with a processed
C. brevicaule-containing powder. Study 1 included 18 adults
with type 2 diabetes, received ethics approval in 2024, and was
conducted in 2025. Study 2 included nine untreated men aged
>40 years and was conducted in 2026. There was no overlap
in participants between the two studies. Because the studies
differed in calendar year, participant background, and outcome
set, data were not pooled across studies for the main analyses.
Both studies were exploratory and had no control group, ran-
domization, or blinding. No formal a priori power calculation
was performed. Neither study was prospectively registered in a
public clinical-trial registry before initiation. Post hoc analyses
are explicitly distinguished from the main analyses in this report.

3.2. Ethical Considerations

Both studies were conducted with approval from the Ethics Re-
view Committee of the International Society for Geriatric and
Longevity Clinical Medicine. The ethics approval identifiers
were ISGN_N10052024 for Study 1 and ISGN_N10012026 for
Study 2. Written informed consent for study participation was
obtained from all participants. The Study 2 informed-consent
document specified voluntary participation, the right to withdraw
consent, protection of personal information, and anonymization
when study results were published.

3.3. Study Product and Supplementation

The study product was ADIPON EX (HUNTKEY JAPAN Co.,
Ltd., Tokyo, Japan), a multi-ingredient powder containing pro-
cessed C. brevicaule. Each sachet contained 2.5 g of product,
and participants consumed two sachets in the morning and one
in the evening, dissolved in water, for 12 weeks; the available
study instructions described administration as under fasting con-
ditions. Total product intake was therefore 7.5 g/day. The product
contained a proprietary blended ingredient containing processed
C. brevicaule; the amount of the proprietary blend and the exact
amount and proportion of processed C. brevicaule within it were
not disclosed by the manufacturer as proprietary formulation in-
formation. Other listed ingredients were matcha powder, chlorel-
la, Lumbricus powder, tricalcium phosphate, dried almond, and
inulin. Information on the C. brevicaule plant part used, detailed
processing conditions, individual quantities of the other ingre-
dients, product lot numbers, marker compounds, and quality
specifications was not available. Accordingly, observed changes
were not attributed specifically to C. brevicaule. In Study 2, the
planned intervention period was 12 weeks (84 days + 3 days).
Participants received the study product at the initial examination
and were instructed to begin intake the following day. They were
instructed not to eat before examinations, whereas water and tea
were permitted. The available records did not specify whether
tea was always consumed without caloric additives; therefore,
fasting status should be interpreted according to the study in-
structions rather than as a fully standardized zero-calorie fasting
condition. The interval between the final study-product intake
and blood collection could not be determined from the available
records for each participant.

3.4. Study 1: Type 2 Diabetes Cohort

The Study 1 analysis included 18 adults with type 2 diabetes
(8 men and 10 women), with a mean age of 68.3 + 7.0 years
(range, 50-79 years). Antidiabetic medications, with overlap-
ping prescriptions, included metformin (n=13), DPP-4 inhibitors
(n=9), SGLT2 inhibitors (n=11), alpha-glucosidase inhibitors
(n=3), glinides (n=3), and an oral GLP-1 receptor agonist (n=1).
No antidiabetic medication was newly initiated, discontinued,
or dose-adjusted during the intervention period. Disease dura-
tion, details of concomitant medications other than antidiabetic
drugs (including lipid-lowering agents), and quantitative records
of diet and physical activity could not be determined from the
available analysis materials. Detailed laboratory assay methods
and device-specific measurement procedures for ABI and CAVI
were not sufficiently documented in the materials available for
this reanalysis and were therefore not supplemented by infer-
ence.

The 11 outcomes were HbAlc, right and left ankle-brachial in-
dex (ABI), right and left cardio-ankle vascular index (CAVI),
LDL cholesterol (LDL-C), HDL cholesterol (HDL-C), body
weight, body mass index (BMI), body-fat percentage, and waist
circumference. For each outcome, only participants with com-
plete pre- and post-intervention values were analyzed, and miss-

ing values were not imputed.
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3.5. Study 2: Untreated Men at Metabolic Risk

Study 2 included nine men aged >40 years with BMI >25 kg/m?,
no overt subjective symptoms, and no pharmacological treat-
ment. Mean age at baseline was 50.9 + 9.0 years (range, 41-68
years). One participant had a baseline fasting glucose concen-
tration of 149 mg/dL and fasting insulin of 123 pIU/mL. This
isolated abnormal fasting-glucose value was not treated as a new
diagnosis of diabetes in this reanalysis because confirmatory
testing and diagnostic records were unavailable in the materials
used for analysis. Because there was no evidence of a data-entry
error and the participant did not meet any prespecified exclusion
criterion, this participant was retained in both the main and post
hoc sensitivity analyses.

All nine participants completed pre- and post-intervention mea-
surements. At the final assessment, P02 and P08 had transient
cold/upper-respiratory symptoms and self-reported non-ad-
herence to study-product intake instructions. The attending

Two independent explora

No participant overlap; cohort

Study 1: Type 2 dlabetes cohort
2025 - n=18

12-week planned supplementation
Dutcome-specific complete pairs: n=14-18

Figure 1: Study flow and analysis populations. The two studies were

4

physician considered that the blood and immune-related mea-
surements obtained that day might not be suitable for efficacy
evaluation. Because this exclusion rule had not been formally
prespecified in the analysis plan before the study, all nine par-
ticipants were retained in the main analysis, and an analysis ex-
cluding only P02 and P08 was designated a post hoc restricted
sensitivity analysis (n=7).

Study 2 evaluated 30 outcomes covering liver function, glucose
metabolism, lipids, kidney function, inflammation, hematolo-
gy and leukocyte differentials, fasting insulin, apolipoprotein
A-1, adiponectin, remnant-like particle cholesterol, and NK-cell
activity. Laboratory testing was commissioned to the external
laboratory SRL, Inc. Detailed information on individual assay
methods, reagents, and specimen transport time for NK-cell ac-
tivity could not be consistently determined from the materials
available for this reanalysis; therefore, these details were not
supplemented by inference.

tory single-arm studies
S Were anal y?!"[l f.(‘}‘..!ralt‘l'y

Study 2: Untreated at-risk male cohort
2026 - n=9

12-week planned supplementation
Follow-up completed: n=9

Main all-completer analysis
n=9 - 30 original endpoints

l

Post hoc restricted sensitivity analysis
n=7 - excludes P02 and PO& only

analyzed independently; no pooled efficacy analysis was performed.

Study 1: Individual changes in HDL-C
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Figure 2: Individual Study 1 HDL-C values before and after 12 weeks. Lines connect paired observations; the thick line indicates the group mean.
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Study 2: Individual changes in fasting insulin
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Main analysis: n=9. Post hoc restricted sensitivity analysis: n=7 (P02 and P08 excluded).

Figure 3A: Individual fasting-insulin values in the Study 2 main population (n=9). The POl extreme baseline value was retained. The y-axis is
shown on a logarithmic scale.

Study 2: Individual changes in NK-cell activity
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Main analysis: n=9. Post hoc restricted sensitivity analysis: n=7 (P02 and P08 excluded).

Figure 3B: Individual NK-cell activity values in the Study 2 main population (n=9).
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Study 2: Individual changes in HOMA-IR

-8~ Included in n=7 sensitivity analysis
-@ Excluded from post hoc n=7 analysis

g
£ 10* -
Fr
(4]
o
o
o«
-
= B
o PO9
B P05
P04
Bg3
10°
® e P06
Baseline Follow-up

Post hoc derived measure. Main n=9 and restricted n=7 analyses are shown.

Figure 4: Individual post hoc HOMA-IR values before and after intervention in the Study 2 main population (n=9). The y-axis is shown on a

logarithmic scale.

Observed biomarker changes and literature-based mechanistic hypotheses
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Observed in this study - Insulin receptor |
Fasting insulin —- PI3K - AKT
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NK-cell activity \—'—J L )
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.

inmot a biomarker directly measured in this study)

J

Figure 5: Biomarkers observed in the present study and literature-based mechanistic hypotheses. Dashed connectors indicate literature-based
conceptual relationships only; they do not imply measured pathway activation or a demonstrated causal direction among PI3K-AKT, FOXO3,

AMPK, NAD+, or sirtuins.

Table 1: Baseline characteristics and exposure. Values are mean + SD (range) unless otherwise stated.

Population Adults with type 2 diabetes Untreated men at metabolic risk

Participants 18 9

Age, years 68.3 £ 7.0 (50-79) 50.9 £ 9.0 (41-68)

Sex 10 women / 8 men 9 men

BMI 27.81 £ 5.39 kg/m? (n=16) Eif;::;;tlﬁfMl >25 kg/m?; individual values
Exposure ADIPON EX, 7.5 g/day for 12 weeks ADIPON EX, 7.5 g/day for 12 weeks

Proprietary blend containing | Amount of proprietary blend not disclosed; exact C. | Amount of proprietary blend not disclosed; exact C.
processed C. brevicaule brevicaule amount/proportion not disclosed brevicaule amount/proportion not disclosed
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Table 2: Study 1 paired outcomes. Parametric rows show mean + SD and mean paired change (95% CI); nonparametric rows show median [Q1,

Q3] and the median of paired change scores. Effect is Hedges g_z or matched-pairs rank-biserial r. Change estimates were calculated from paired

individual values and may differ slightly from differences between the displayed rounded baseline and Week 12 summaries.

Outcome (unit) n Baseline Week 12 Change Test p BHq Effect
HbAlc (%) 18 7.25+1.18 738 +1.41 +0.13 (-0.15, 0.41) paired t 0.327 | 0.5941 | g z=0.23
. . paired-change .
ABI, right (ratio) 16 | 1.10[0.98, 1.23] | 1.11[1.06, 1.14] . exact Wilcoxon | 0.9446 | 0.9739 r=-0.03
median +0.04
ABI, left (ratio) 16 1.11£0.15 1.07 £0.06 -0.04 (-0.13, 0.05) paired t 0.3781 | 0.5941 | g z=-0.22
CAVI, right .
. 16 9.51+1.29 9.45+1.44 -0.06 (-0.51, 0.40) paired t 0.797 | 0.9739 | g z=-0.06
(unitless)
LDL-C (mg/dL) 18 | 133.56+25.59 128.94 +£22.92 -4.61 (-15.26, 6.03) paired t 0.3735 | 0.5941 | g _z=-0.21
HDL-C (mg/dL) 18 51.17+11.26 47.33+9.78 -3.83 (-6.15, -1.52) paired t 0.0028 | 0.0306 | g_z=-0.79
Body weight (kg) | 16 | 67.75+12.67 67.11 £12.93 -0.64 (-1.52, 0.24) paired t 0.1399 | 0.4821 | g z=-0.37
25.95 26.05[24.43, paired-change .
BMI (kg/m?) 16 ) exact Wilcoxon | 0.096 | 0.4821 r=-0.48
[24.27,30.73] 30.27] median -0.40
Body fat .
15 32.07 £ 9.00 31.48 +8.36 -0.59 (-1.48, 0.30) paired t 0.1753 | 0.4821 | g_z=-0.35
percentage (%)
Waist .
. 14 | 93.07+10.31 93.04 +11.46 -0.04 (-2.35, 2.28) paired t 0.9739 | 0.9739 | g z=-0.01
circumference (cm)

Table 3: Selected Study 2 main-analysis outcomes (n=9). For space, selected outcomes are shown here; the complete 30-endpoint table is Sup-
plementary Table S2. Parametric change values are mean paired changes (95% CI); nonparametric change values are medians of paired change
scores. Change estimates were calculated from paired individual values and may differ slightly from differences between the displayed rounded

baseline and Week 12 summaries.

Outcome (unit) Baseline Week 12 Change Test P BH q Effect
94.00 [89.00, 91.00 [89.00, paired-change .
Glucose (mg/dL) . exact Wilcoxon | 0.2656 | 0.6258 =-0.47
99.00] 94.00] median -3.00
-0.01
HbAlc (%) 542 +0.27 5.41+£0.21 paired t 0.8695 | 0.9524 | g z=-0.05
(-0.16, 0.14)
. 14.00 13.50 [12.80, paired-change .
Glycated albumin (%) . exact Wilcoxon | 0.8203 | 0.9524 r=-0.11
[13.00, 15.00] 14.20] median +0.00
-2.22
LDL-C (mg/dL) 128.56 +20.76 126.33 +£27.65 paired t 0.7934 | 0.9524 | g 7z=-0.08
(-21.15, 16.70)
o +0.05 .
Creatinine (mg/dL) 0.81+£0.10 0.85+0.10 paired t 0.1046 | 0.5022 | g z=0.55
(-0.01, 0.10)
eGFR -5.11 .
. 81.26+12.24 76.14 +£10.30 paired t 0.0959 | 0.5022 | g z=-0.57
(mL/min/1.73 m?) (-11.36, 1.14)
paired-change .
CRP (mg/dL) 0.05[0.05,0.31] | 0.05[0.03,0.40] . exact Wilcoxon | 0.8203 | 0.9524 r=0.11
median -0.00
Apolipoprotein -2.56 .
157.11 £ 30.69 154.56 £32.25 paired t 0.7032 | 0.9524 | g z=-0.12
A-T (mg/dL) (-17.48, 12.36)
Adiponectin +0.20 .
7.13 +£1.87 7.33+1.64 paired t 0.5447 | 0.9524 | g z=0.19
(ug/mL) (-0.53,0.93)
Fasting insulin 13.60 [9.28, 9.15 [6.03, paired-change .
. exact Wilcoxon | 0.0742 | 0.5022 r=-0.69
(WIU/mL) 17.50] 12.60] median -1.70
- +3.44 (-3.62, .
NK-cell activity (%) 48.44 + 14.60 51.89 £13.50 10.51) paired t 0.2936 | 0.6258 | g z=0.34
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Supplementary Table S2
Study 2 Main Analysis (n=9), Complete 30 Endpoints

Outcome (unit) Baseline Week 12 Change (95% CI)
23.00 [20.00, ‘ exact -
AST (U/L) 21,00 [20.00,30.00] | 500 median +1.00 Wicoxon | 02344 | 0.6258 | =0.54
27.00 [20.00, ‘ exact -
ALT (U/L) 28.00[20.00,37.00] | 36 median -1.00 Wicoxon | 1 1 1=0.00
60.00 [34.00, ‘ exact -
y-GTP (U/L) 54.00 [47.00, 88.00] | o, 00 median +0.00 Wicoxon | 09766 | 1 1=0.03
ALP (U/L) 67.78 £ 20.74 66.44 +20.85 -1.33 (-6.55, 3.88) paired t 0.5716 | 0.9524 | g z=-0.18
Total bilirubin (mg/dL) 0.68 +0.25 0.78 +0.33 +0.10 (-0.11, 0.31) paired t 03126 | 0.6258 | g z=0.32
91.00 [89.00, . exact -
Glucose (mg/dL) 94.00 [89.00,99.00] | o, 0o median -3.00 Wicoxon | 02656 | 06258 | =-0.47
HbAlc (%) 5424027 5414021 -0.01 (-0.16, 0.14) paired t 0.8695 | 0.9524 | g z=-0.05
. 13.50 [12.80 . exact
0, > —
Glycated albumin (%) 14.00[13.00,1500] | 1350, median +0.00 Wicoxon | 0-8203 | 09524 | =0.11
LDL-C (mg/dL) 128.56 = 20.76 126.33 + 27.65 222(21.15,16.70) | paired t 0.7934 | 0.9524 | g z=-0.08
Creatinine (mg/dL) 0.81+0.10 0.85+0.10 +0.05 (-0.01, 0.10) paired t 0.1046 | 0.5022 | g z=0.55
¢GFR (mL/min/1.73 m?) 81.26 + 12.24 76.14 + 10.30 5,11 (-11.36, 1.14) paired t 0.0959 | 0.5022 | g z=-0.57
CRP (mg/dL) 0.05 [0.05, 0.31] 0.05 [0.03, 0.40] median -0.00 exact 0.8203 | 0.9524 | r=0.11
Wilcoxon
White blood cell count (/uL) 6100.00 = 1469.69 | 6022.22 + 1509.78 75176'12)('701 98, paired t 0.7812 | 0.9524 | g z=-0.09
4
ﬁl‘j‘; blood cell count (10% 480.11 +33.50 481.11 +32.80 +1.00 (-14.99, 16.99) | paired t 0.8889 | 0.9524 | g z=0.04
Hemoglobin (g/dL) 14.76 = 0.74 14.71 4 0.65 -0.04 (-0.48, 0.39) paired t 0.8183 | 0.9524 | g z=-0.07
Hematocrit (%) 43.86 +2.45 44.00 £ 2.02 +0.14 (-1.43, 1.72) paired t 0.8378 | 0.9524 | g z=0.06
MCV (fL) 91.50 + 4.47 91.62 +3.70 +0.12 (-1.13, 1.38) paired t 0.8277 | 0.9524 | g z=0.07
MCH (pg) 30.81 + 1.64 30.66 = 1.61 -0.16 (-0.49, 0.18) paired t 03129 | 0.6258 | g z=-0.32
33.70 [32.80 . exact
0, > - .|
MCHC (%) 33.60(33.20,3440] | J1go median -0.40 Wicoxon | 0-1172 | 05022 | =060
Platelet count (10/uL) 29.12+5.23 27.93 +5.63 -1.19 (-2.75,0.37) paired t 0.1172 | 0.5022 | g z=-0.53
Neutrophils (%) 63.09+5.17 58.26 + 6.53 -4.83 (-10.55, 0.89) paired t 0.0872 | 0.5022 | g z=-0.59
Eosinophils (%) 1.61+1.12 2.19+0.80 +0.58 (-0.14, 1.29) paired t 0.0989 | 0.5022 | g z=0.56
Basophils (%) 0.60 [0.50, 0.90] 0.50 [0.40, 0.60] median +0.00 exact 0.2656 | 0.6258 | r=-0.54
Wilcoxon
Monocytes (%) 754+ 1.51 837+ 1.65 +0.82 (-0.48,2.12) paired t 0.1822 | 0.6258 | g z=0.44
Lymphocytes (%) 27.12+5.55 30.66 + 6.75 +3.53 (-2.28,9.34) paired t 0.1985 | 0.6258 | g z=0.42
Fasting insulin (u[U/mL) 13.60[9.28,17.50] | 9.15[6.03, 12.60] | median -1.70 exact 0.0742 | 0.5022 | r=-0.69
Wilcoxon
Apolipoprotein A-I (mg/dL) 157.11 + 30.69 154.56 +32.25 2.56 (-17.48,12.36) | paired t 0.7032 | 0.9524 | g z=-0.12
Adiponectin (ug/mL) 7.13+1.87 733+ 1.64 +0.20 (-0.53, 0.93) paired t 0.5447 | 0.9524 | g z=0.19
RLP-C (mg/dL) 9.66 +7.77 870+ 6.51 -0.96 (-3.37, 1.46) paired t 03877 | 0.727 | g z=-0.27
NK-cell activity (%) 48.44 + 14.60 51.89 + 13.50 +3.44 (-3.62, 10.51) paired t 0.2936 | 0.6258 | g z=0.34

Extracted from the final Supplementary Materials for: Metabolic and Immunological Biomarker Changes Following 12-Week Supplementation with a Processed
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3.6. Post Hoc HOMA-IR

In Study 2, HOMA-IR was calculated post hoc from fasting
insulin and fasting glucose as fasting insulin (u[U/mL) x fast-
ing glucose (mg/dL) / 405 [11,12]. HOMA-IR was not among
the original 30 outcomes and was treated as a post hoc derived
measure rather than an independent confirmatory endpoint; only
nominal p values are reported.

3.7. Statistical Analysis

For continuous variables, the Shapiro-Wilk test was applied to
the pre-post change score. When normality of the change score
could be assumed, a two-sided paired t-test was used; otherwise,
a two-sided Wilcoxon signed-rank test was used. Outcomes ana-
lyzed parametrically are described using mean + standard devia-
tion, mean change, 95% confidence interval, and paired-sample
Hedges g z. Hedges g z was used as a bias-corrected standard-
ized paired-change effect size. Nonparametric outcomes are de-
scribed primarily using median [first quartile, third quartile], the
median of paired change scores, and matched-pairs rank-biserial
correlation (r). The nominal two-sided significance level was
p<0.05.

To account for false-positive risk arising from exploratory eval-
uation of numerous outcomes, Benjamini-Hochberg FDR cor-
rection was applied independently by study and analysis pop-
ulation [43,44]. Specifically, the 11 Study 1 outcomes, the 30
outcomes in the nine-participant Study 2 main analysis, and the
30 outcomes in the seven-participant Study 2 post hoc sensitiv-
ity analysis were treated as separate multiplicity families. Post
hoc HOMA-IR was not added to the original 30-outcome family
and its nominal p value was interpreted as hypothesis-generat-
ing. No direct between-study statistical comparison or simple
pooled analysis of Study 1 and Study 2 was performed. All sta-
tistical analyses were performed using IBM SPSS Statistics, ver-
sion 30.0 (IBM Corp., Armonk, NY, USA).

4. Results
4.1. Participant Flow and Baseline Characteristics

All 18 Study 1 participants and all nine Study 2 participants con-
tributed at least one paired outcome. Outcome-specific missing-
ness in Study 1 produced n=14-18. Study 2 contained complete
pairs for the 30 recorded outcomes. The main Study 2 analy-
sis retained P02 and POS; only the explicitly labeled sensitivity
analysis excluded them.

4.2. Study 1: Type 2 Diabetes Cohort

HDL-C decreased from 51.17 + 11.26 to 47.33 + 9.78 mg/dL
(mean change —3.83 mg/dL; 95% CI —6.15 to —1.52; p=0.0028;
BH g=0.0306; Hedges g z=—0.79). This was the only Study 1
endpoint that remained significant after false-discovery-rate cor-
rection. HbAlc, LDL-C, ABI, CAVI, weight, BMI, body-fat per-
centage, and waist circumference did not show multiplicity-ad-
justed evidence of change.

4.3. Study 2 Main Analysis (n=9)

Fasting insulin decreased from a median of 13.60 [9.28, 17.50]
t09.15[6.03, 12.60] plU/mL, but the exact Wilcoxon test did not
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reach nominal significance (p=0.0742; BH q=0.5022; rank-bise-
rial =—0.69). NK-cell activity changed from 48.44 + 14.60%
to 51.89 + 13.50% (mean change +3.44 percentage points; 95%
CI—3.62 to 10.51; p=0.2936; BH q=0.6258; Hedges g_z=0.34).
None of the 30 Study 2 endpoints remained significant after
false-discovery-rate correction.

4.4. Study 2 Sensitivity Analysis and Post Hoc HOMA-IR

After excluding P02 and P08 because of transient upper-respi-
ratory symptoms and self-reported non-adherence at follow-up,
fasting insulin decreased in seven participants (median 13.60
to 9.15 pwIU/mL; exact p=0.0469; BH q=0.7031; rank-biserial
r=0.86), and NK-cell activity increased from 42.57 + 10.15%
to 49.71 + 14.71% (mean change +7.14; 95% CI 1.38 to 12.90;
p=0.0230; BH q=0.6898; Hedges g z=1.00). These signals were
nominal only and did not survive multiplicity correction. Be-
cause the exclusion was post hoc, selection bias cannot be ex-
cluded. Post hoc HOMA-IR decreased from 2.89 [2.15, 4.28]
to 2.06 [1.28, 2.95] in the nine-participant analysis (exact
p=0.0742) and from 2.89 [2.41, 5.98] to 2.06 [1.53, 2.77] in the
seven-participant sensitivity analysis (exact p=0.0469). These
unadjusted values are exploratory and should not be treated as
independent confirmation because HOMA-IR is algebraically
derived from glucose and insulin.

4.5. Safety-Relevant Findings

No adverse events documented as related to the study product
were identified in the available records. However, systematic
safety surveillance using structured adverse-event question-
naires, severity grading, and standardized causality assessment
could not be confirmed for either study. Accordingly, the ab-
sence of recorded product-related adverse events should not be
interpreted as established safety. In Study 2, serum creatinine
increased from 0.81 £ 0.10 to 0.85 £ 0.10 mg/dL (p=0.1046;
q=0.5022) and laboratory-reported eGFR decreased from 81.26
+12.24t0 76.14 + 10.30 mL/min/1.73 m? (p=0.0959; q=0.5022).
Neither outcome showed statistically significant evidence of
change, but these directions, together with the HDL-C decrease
in Study 1, should be prospectively monitored in future studies.

S. Discussion
5.1. Principal Findings and Positioning of the Present Study

The present study reanalyzed participant-level data from two
independent exploratory single-arm studies in which a pro-
cessed Cirsium brevicaule-containing powder was consumed
for 12 weeks, using the same statistical principles across the two
studies. The most important point is that, rather than forcing all
analytical results into a single conclusion of ‘effective’ or ‘inef-
fective,” we separated the target populations and analysis popu-
lations. In Study 1, only the decrease in HDL-C remained after
FDR correction, whereas no clear improvements were observed
in HbAlc, LDL-C, anthropometric measures, or ABI/CAVI. In
the main analysis of Study 2 (n=9), all 30 outcomes were non-
significant after FDR correction, and neither fasting insulin nor
NK-cell activity was statistically significant in the main analy-
sis. Therefore, the present studies do not establish broad meta-
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bolic-improving or immune-enhancing effects of the processed
C. brevicaule-containing powder. On the other hand, in the post
hoc sensitivity analysis of Study 2 excluding two participants in
whom acute upper respiratory symptoms were documented and
non-adherence to intake instructions was self-reported, decreas-
es in fasting insulin and post hoc HOMA-IR and an increase
in NK-cell activity simultaneously showed nominal statistical
significance. Fasting insulin and NK-cell activity did not remain
significant after FDR correction, while post hoc HOMA-IR was
evaluated using nominal p values only; chance findings there-
fore remain possible. Nevertheless, the simultaneous appearance
of signals across biologically distinct metabolic and immune in-
dices may be useful for narrowing the endpoints to be evaluated
in the next-stage trial. The role of an exploratory study is not to
anticipate confirmatory conclusions, but to clarify which signals
should be retested and under what conditions. In this sense, the
n=7 findings in the present study are appropriately positioned
as hypothesis-generating human data. In interpreting the pres-
ent study, we also do not equate ‘absence of statistical signifi-
cance’ with ‘absence of any effect.” In small samples, confidence
intervals are wide and the precision of effect estimates is low;
therefore, a nonsignificant result is not proof of a zero effect.
Conversely, efficacy cannot be claimed merely because an un-
adjusted p value is below 0.05. Because 30 outcomes were ex-
plored in Study 2, the p values for insulin and NK-cell activity
in the n=7 analysis must be evaluated in the context of multiple
testing, and the failure of these findings to remain significant af-
ter FDR correction was explicitly considered alongside the main
analysis. Accordingly, this manuscript evaluates the robustness
of the signal by considering effect sizes, individual trajectories,
and dependence on the analysis population, and focuses the dis-
cussion on whether the signals warrant retesting in a subsequent
trial.

5.2. Fasting Insulin and HOMA-IR: What They Show and
What They Do Not Show

Insulin resistance is a central pathophysiological process linking
type 2 diabetes, obesity, dyslipidemia, and cardiovascular risk
[8—10]. Fasting insulin and HOMA-IR are widely used surrogate
indices [11-14], but they are not glucose-clamp measurements.
In particular, HOMA-IR is a model reflecting the fasting equilib-
rium between hepatic glucose production and insulin secretion
and is not a direct measure of whole-body insulin sensitivity,
including peripheral skeletal muscle. Therefore, the decrease ob-
served in the n=7 Study 2 analysis should not be stated as proof
that insulin resistance improved, but rather as a change consis-
tent with lower fasting insulin exposure and lower HOMA-IR.
Fasting insulin concentration is determined by both the amount
of insulin secreted from pancreatic beta cells and insulin clear-
ance, particularly hepatic clearance. Thus, when insulin concen-
tration decreases at a similar glucose level, not only a reduction
in the amount of insulin required but also changes in secretion
dynamics or clearance remain possible explanations. Moreover,
because HOMA-IR contains fasting insulin in its formula, in
a dataset such as the present one, in which some participants
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showed large insulin changes, the change in HOMA-IR is not an
independent second piece of evidence but largely a mathemati-
cal re-expression of the same physiological information. For this
reason as well, insulin and HOMA-IR should not be counted
as two independent efficacy endpoints. More precise clinical
characterization of insulin resistance would require a combina-
tion of dynamic indices derived from an oral glucose tolerance
test (OGTT), assessment of secretion using C-peptide, estima-
tion of insulin clearance, or a hyperinsulinaemic-euglycaemic
clamp [13,14]. The present study was not designed to provide
such mechanistic decomposition; therefore, the signal obtained
here is valuable primarily because it indicates what should be
measured in the next trial. In particular, it will be important to
prospectively determine whether the decrease in fasting insu-
lin is reproducible and, if so, how glucose homeostasis, C-pep-
tide, body weight, liver function, and lipid metabolism change
in parallel. The statistical plan should likewise move from the
present design, in which numerous laboratory variables were
explored together, to a design in which the primary endpoint
and primary analysis population are fixed in advance. If a single
primary endpoint is selected, sample size should be calculated
using a clinically meaningful difference and its variance, with
secondary and safety endpoints organized hierarchically. Even
if several primary candidates are retained, the method for mul-
tiplicity control should be specified in the protocol and regis-
try, and rules concerning exclusions, missing data, acute illness,
and adherence should be decided before data lock. This would
allow the distinction between the n=9 and n=7 analysis popu-
lations, which was necessarily post hoc in the present study, to
be handled as a prespecified estimand in the next trial. Further-
more, a decrease in fasting insulin has several possible physio-
logical explanations. Improved insulin sensitivity that permits
maintenance of the same glucose homeostasis with less insulin
is one hypothesis, but changes in pancreatic beta-cell secretion
and other determinants of fasting insulin also remain possible
[11-14]. The present study did not measure C-peptide, perform
OGTT or clamp testing, use continuous glucose monitoring, or
assess indices of insulin clearance; therefore, changes in secre-
tion, clearance, or short-term variation related to acute stress,
sleep, diet, or pre-sampling behavior cannot be distinguished.
The absence of clear improvement in HbAlc and glycated al-
bumin is another reason not to infer long-term improvement in
glucose metabolism from a single fasting-insulin change.

In PO1, extreme baseline values were present for insulin (123
wlU/mL) and glucose (149 mg/dL), and the mean was strongly
influenced by this single participant. For this reason, the present
manuscript places emphasis on medians and individual trajecto-
ries when interpreting insulin and HOMA-IR. The decision not
to exclude P01 solely because the value was an outlier is import-
ant for the transparency of the study. In a future study, repeated
testing under identical conditions, with prespecified recording
of fasting duration, sleep, exercise, acute infection, and alcohol
intake on the preceding day, and, when necessary, use of aver-
ages from repeated measurements would be desirable to reduce

within-participant variability. Vol 171 1 2026
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5.3. The Insulin-PI3K-AKT-FOXO3 Axis as a Mechanistic
Hypothesis

Any discussion linking lower insulin with FOXO3 must separate
the observed clinical data from molecular mechanism. Stimula-
tion of the insulin receptor regulates diverse metabolic responses
through the PI3K-AKT pathway [31], and AKT-mediated phos-
phorylation of the FOXO family contributes to nuclear export
and transcriptional suppression [32,33]. Thus, in theory, changes
in the intensity of insulin/IGF signaling could alter the regulato-
ry environment of FOXO. However, what was measured in the
present study was circulating fasting insulin; phosphorylation of
AKT or nuclear localization of FOXO3 in liver, skeletal muscle,
adipose tissue, or other tissues was not measured. A decrease
in circulating insulin therefore cannot be linearly translated into
reduced tissue AKT signaling and then into FOXO3 activation.
FOXO3 is of particular interest as a biological background to
the present study not only because of its position in molecular
signaling pathways, but also because its association with human
longevity has been relatively consistently reproduced. Associa-
tions between FOXO3 polymorphisms and longevity have been
reported in multiple populations, including Japanese Americans,
Germans, and southern Italians [27-29], and reviews and me-
ta-analyses have positioned FOXO3 as a major candidate gene
related to human longevity [30,45-47]. Genetic association,
however, is entirely different from activation of a transcription
factor by a short-term nutritional intervention. The present find-
ings do not demonstrate activity of the FOXO3 pathway; they
merely suggest a mechanistic bridge that should be tested in fu-
ture research. FOXO3 function varies according to tissue, cell
type, nutritional state, oxidative stress, and growth-factor signal-
ing; it is therefore not a simple axis on which more FOXO3 is al-
ways better. Different post-translational modifications, including
AKT-dependent phosphorylation, SIRT1-dependent deacetyl-
ation, and AMPK-dependent phosphorylation, can influence
FOXO3 target selection and intracellular localization [31-36].
Accordingly, if FOXO3 is evaluated in a future human interven-
tion trial, total protein abundance alone would be insufficient;
phosphorylation state, nuclear translocation, and expression
of target genes should be interpreted together. Avoiding direct
extrapolation from the serum insulin change observed here to
such intracellular events is essential to maintain credibility in the
mechanistic discussion. To test this hypothesis in a subsequent
trial, it will be necessary to prespecify and measure not only
circulating insulin but also AKT/FOXO3 phosphorylation in pe-
ripheral blood cells or an appropriate surrogate tissue, FOXO3
target genes, and oxidative-stress-related markers. In addition,
the processed C. brevicaule-containing powder is a multi-ingre-
dient product, and the observed signals cannot be regarded as
effects of C. brevicaule alone.

5.4. The AMPK-NAD+-Sirtuin Network and a Healthy-Ag-
ing Framework

FOXO3 also intersects with metabolic-stress responses medi-
ated by AMPK and sirtuins. SIRT1 deacetylates FOXO3 and
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modulates stress-dependent transcriptional responses [34],
while AMPK can directly phosphorylate FOXO3 [35]. AMPK
is also linked to SIRT1 activity through NAD+ metabolism [36]
and is positioned as a nutrient-sensing system integrating energy
homeostasis, autophagy, mitochondrial adaptation, and inflam-
matory control [39,48]. NAD+ is a metabolic coenzyme that
supports sirtuin activity, and age-related alterations in NAD+
metabolism and their relationship to mitochondrial function
have been extensively investigated [37,40,49]. The AMPK-NA-
D+-sirtuin network is not a simple linear pathway that operates
in one direction during energy deficiency. AMPK responds to
cellular energy stress reflected in adenine-nucleotide balance,
NAD+ metabolism differs across intracellular compartments,
and individual sirtuins regulate different substrates in the nu-
cleus, cytoplasm, and mitochondria [37-41,48-51]. Therefore,
a change in a single peripheral-blood metabolic marker cannot
be used to infer that AMPK activity increased, NAD+ increased,
or sirtuins were activated. Nevertheless, because this network
intersects with nutrient sensing, mitochondrial homeostasis, ox-
idative-stress responses, and inflammation, it provides a useful
framework for organizing mechanistic candidates in next-stage
studies that simultaneously track metabolic and immune bio-
markers. In particular, when discussing the concept of healthy
aging, short-term biomarker changes must be clearly distin-
guished from lifespan and healthspan. Longevity-associated
FOXO3 polymorphisms and research on NAD/sirtuins provide
a background in long-term aging biology [25-30,37-42], but
they do not mean that a 12-week food intervention has demon-
strated life extension or rejuvenation. The purpose of using a
healthy-aging framework in the present manuscript is to place
the observed metabolic and immune signals within aging-re-
lated nutrient-sensing biology and thereby make more concrete
the molecular markers that should be measured in the next trial.
The mitochondrial sirtuin SIRT3 regulates the electron-transport
chain, ATP production, and oxidative-stress responses [38,50],
whereas SIRT6 participates in genomic stability, glucose and
lipid metabolism, and inflammation [41]. Because mammali-
an sirtuins regulate multiple processes relevant to healthspan,
they are considered an important network in aging research [51].
Pharmacological and nutritional possibilities for linking FOXO3
activation to healthy longevity have also been discussed [42].
However, none of AMPK, NAD+, SIRT1, SIRT3, SIRT6, or
FOXO3 was measured in the present studies. Thus, conclusions
such as the product activated AMPK, increased NAD+, or ac-
tivated sirtuins and promoted rejuvenation are not supported
by these data. What the present study provides is a framework
for connecting the peripheral metabolic signals represented by
fasting insulin/HOMA-IR to known nutrient-sensing networks
in order to design the next mechanistic study. Considering the
intersection of deregulated nutrient sensing, mitochondrial dys-
function, and chronic inflammation among the hallmarks of ag-
ing [25,26], a study design that evaluates metabolic and immune
indices in parallel is itself biologically reasonable.
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5.5. NK-Cell Activity: Nutritional Intervention, Immunose-
nescence, and Immunometabolism

NK-cell activity is a functional index involved in defense against
infection and tumor immune surveillance [15-18]. Its interpre-
tation is context-dependent, and short-term variation related to
acute illness and preanalytical conditions cannot be excluded
in a small study such as the present one. Age-related changes
in NK cells are not a simple decline but involve remodeling of
subset composition, cytotoxic capacity, and cytokine production
[19]. Because the present study did not measure NK-cell num-
ber, surface markers, cytokines, granzyme/perforin, or T-cell
function, a change in a single NK-cell activity measure cannot
be described as an improvement in overall immune function.
With regard to nutritional interventions and NK function, small
intervention studies using beta-carotene, probiotics or fermented
milk, beta-glucan, mushrooms, aged garlic, ginseng polysaccha-
ride, Euglena, and related products have reported heterogeneous
immune findings [52-63]. Increased NK-cell or closely related
NK/NK-T outcomes were reported in several trials [52-56,58—
60,62,63], whereas no significant NK-cell effect was found in
other studies [57,61]. Meta-analyses of probiotic or HNO19 in-
terventions in older adults have suggested increases in NK-relat-
ed outcomes, although substantial heterogeneity and the limited
number of studies constrain the strength of inference [64,65].
Therefore, the p=0.0230 result obtained in the n=7 Study 2 anal-
ysis should not be treated as equivalent to an established effect
of nutritional intervention. Taken together, these prior studies
indicate that NK-cell-related endpoints can respond to some
nutritional interventions, but findings are heterogeneous and
appear to depend on the intervention, participant background,
baseline immune state, and assay conditions [52—65]. Several
positive studies enrolled older adults or smokers [52-56,62],
whereas other trials in healthy adults reported either positive
or null NK-related findings [57—-61,63]. Thus, baseline charac-
teristics may influence the detectability of a response, but the
direction and magnitude cannot be predicted reliably from the
present literature. In Study 2, baseline NK-cell activity ranged
widely from 24% to 69%, and with a sample of only nine partic-
ipants, interindividual variability cannot be adequately averaged
out. Individual trajectories were therefore shown so that this het-
erogeneity would not be concealed by mean values alone. Fur-
thermore, although the concurrent nominal changes in NK-cell
activity and fasting insulin in the n=7 analysis excluding P02
and P08 are hypothesis-generating, there are no data showing
that the two indices changed through the same mechanism. The
inflammatory actions of adipose-tissue NK cells and the cyto-
toxic activity of peripheral-blood NK cells are not the same con-
cept, and immune changes observed in adipose tissue in obesity
cannot be directly transferred to the peripheral-blood functional
assay used in the present study [21-24]. Therefore, future stud-
ies should measure NK-cell subsets, cytokines, and metabolic
phenotypes in addition to NK-cell activity and incorporate their
relationships with metabolic indices into a prespecified analy-
sis plan. At the same time, the intersection between NK cells
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and metabolic abnormalities is relevant to the present study. In
obese adipose tissue, models have been reported in which NK
cells promote pro-inflammatory macrophages and contribute to
insulin resistance [21,22], while the obese environment impairs
lipid metabolism and mTOR-dependent glycolysis in NK cells
and reduces cytotoxic function [23]. Conversely, human data in
people with obesity treated with a GLP-1 receptor agonist have
suggested improvements in NK-cell metabolism and effector
function independently of weight change [24]. These findings
do not imply a simple causal relationship of higher NK activity
equals metabolic improvement, but they support the existence of
an immunometabolic network in which metabolic state and NK-
cell function can influence one another. P02 and P08 had acute
symptoms at the final assessment in Study 2. Because acute in-
fection can influence NK-related indices, there is biological ra-
tionale for excluding these participants in a sensitivity analysis;
however, because the analysis rule was not prespecified, the n=7
results cannot be promoted to the status of the main analysis.
A future protocol should prospectively record acute infection,
fever, vaccination, and use of antibiotics or corticosteroids and
should specify procedures for postponing blood collection or re-
peating testing when such conditions are present.

5.6. Study 1: Lipid, Glucose-Metabolic, and Vascular Indices
in the Type 2 Diabetes Cohort

In the type 2 diabetes cohort, there was no clear improvement
in HbAlc, and although LDL-C decreased numerically, there
was no statistical evidence of change. The association between
blood cholesterol and cardiovascular risk has been shown in
large epidemiological studies, and long-term exposure to low-
er LDL-C is associated with lower coronary artery disease risk
[66,67]. In contrast, the decrease in HDL-C was the only finding
that remained after FDR correction, and low HDL-C has long
been associated with coronary artery disease risk [68]. How-
ever, Mendelian-randomization studies and trials that pharma-
cologically increased HDL-C have shown that raising HDL-C
concentration itself does not necessarily reduce cardiovascular
events [69—72]. Therefore, it would be inappropriate either to
directly link the mean -3.83 mg/dL decrease in HDL-C observed
in the present study to adverse clinical outcomes or, conversely,
to dismiss it on the grounds that HDL-C is not causal. In a future
trial, it would be worthwhile to prespecify and follow a broad-
er lipid profile including non-HDL-C, ApoB, triglyceride-rich
lipoproteins, and, where feasible, direct HDL-related function-
al or particle-based measures. In addition, information on con-
comitant medications other than antidiabetic drugs, including
lipid-lowering therapy, was incomplete in the present study, and
dietary fat intake and weight change during the 12-week period
were not rigorously controlled. Therefore, the HDL-C decrease
cannot be attributed to the product, but because it was the only
finding that remained after FDR correction, confirming its re-
producibility in a future study is important for safety assessment
and overall benefit-risk interpretation. Study 1 included a popu-
lation resembling real-world clinical practice in that participants
used antidiabetic medications, often in combinations including
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metformin, DPP-4 inhibitors, and SGLT2 inhibitors. No initia-
tion, discontinuation, or dose change of antidiabetic medications
occurred during the intervention; nevertheless, the medication
background itself can influence glucose, lipid, and body-weight
indices even under stable treatment. The clinical importance of
glycemic management in diabetes has been established in stud-
ies such as UKPDS [73,74], but improvements in weight and
metabolic indices achieved through lifestyle interventions do
not invariably translate into improved cardiovascular outcomes
[75]. Because the present study was small and lacked a control
group, the absence of change in HbAlc cannot be interpreted
either as confirmation of product inefficacy or as evidence that
medication confounding masked an effect. In particular, SGLT2
inhibitors, DPP-4 inhibitors, metformin, and other therapies can
exert different effects on glucose metabolism, body weight, lip-
ids, and inflammation; therefore, in a heterogeneous group of 18
participants, it is difficult to distinguish small changes attribut-
able to the intervention food. The absence of initiation, discon-
tinuation, or dose change of antidiabetic medications during the
intervention is important information, but it does not eliminate
medication confounding. If future research again enrolls patients
with diabetes, background therapy should either be stratified or
eligibility should be restricted to a defined treatment regimen,
and concomitant medications including lipid-lowering and anti-
hypertensive agents should be collected prospectively. No clear
changes were observed in ABI or CAVI. CAVI has been pro-
posed as an index of arterial stiffness designed to reduce depen-
dence on blood pressure and has been associated with obesity,
metabolic syndrome, and future cardiovascular events [76—78].
ABI is also used for peripheral arterial disease assessment and
cardiovascular risk stratification [79]. However, considering the
12-week duration, only 16 complete pairs, and potential influ-
ences of rest before measurement, heart rate, blood pressure, and
device conditions, the present study was not designed to detect
small changes in vascular function. A future trial in which vascu-
lar function is a primary objective should standardize measure-
ment conditions and use a longer follow-up period.

5.7. Safety-Related Findings and Kidney Function

Adverse events can occur with dietary supplements [80], un-
derscoring the importance of systematic safety assessment in
intervention studies. No adverse events documented as related
to the study product were identified in the available records;
however, because no record of systematic adverse-event collec-
tion was available, safety cannot be considered established. In
particular, the decrease in HDL-C in Study 1 and the direction
of change in renal-function indices in Study 2 should be pre-
specified as monitoring items in future studies even though their
causal relationship to the intervention is unknown. Mean eGFR
in Study 2 changed from 81.26 to 76.14 mL/min/1.73 m? without
a statistically significant difference. eGFR is a creatinine-based
estimate influenced by factors such as muscle mass and hydra-
tion status. A creatinine-based equation specifically developed
for Japanese adults has been reported [81], but the exact esti-
mating equation used in the original laboratory report could not
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be confirmed from the available records. Associations between
eGFR and clinical outcomes have been established in large co-
hort meta-analyses [82], but a mild short-term fluctuation in a
small study such as this cannot be diagnosed as kidney injury.
Future studies should standardize blood-collection conditions
and include urinalysis and repeat testing when needed. CRP also
showed no clear change in the main analysis. CRP is an inflam-
matory marker associated with cardiovascular risk [83,84] but
is affected by infection, obesity, exercise, trauma, and other fac-
tors. Inflammatory cytokines were not measured in the present
study, and the results did not provide human evidence support-
ing the anti-inflammatory effects suggested by preclinical Cirsi-
um-related studies [6,7].

5.8. Interpretation as a Multi-Ingredient Product

The study product was a multi-ingredient formulation contain-
ing a proprietary blended ingredient containing processed C.
brevicaule; the listed product ingredients also included matcha
powder, chlorella, Lumbricus powder, tricalcium phosphate,
dried almond, and inulin. The amount of the proprietary blend
and the exact amount and proportion of processed C. brevicaule
within it were not disclosed by the manufacturer for proprietary
reasons. Therefore, even if a specific biomarker change were re-
produced, attributing that effect to C. brevicaule would require
component-only groups, dose-response studies, or composition-
al analyses. It also could not be confirmed that the plant part or
processing method of the ingredient used here was the same as
that used in previous reports employing C. brevicaule leaves or
roots [1-3]. Conversely, the fact that the product is multi-ingre-
dient does not eliminate its value for clinical research. It can
provide formulation-level evidence evaluating the response
to a product intended for commercial or practical use. In that
case, however, product lot, composition information, marker
compounds, contaminants, stability, and manufacturing quality
should be disclosed as far as possible, and formulation identity
should be confirmed when studies span different years. In the
present study, the finished-product intake was 7.5 g/day, whereas
publicly disclosable information on the amount of the propri-
etary blend, the exact amount and proportion of processed C.
brevicaule within it, the exact amounts of the individual co-in-
gredients, product lot, and related specifications was limited,
constraining reproducibility assessment. It would therefore also
be inappropriate to import the known effects of matcha, chlorel-
la, inulin, or other individual ingredients to explain the observed
results. Future studies evaluating clinical efficacy of the formu-
lation as a whole should standardize the finished product as the
analytical object; if the contribution of C. brevicaule alone is to
be tested, a different design such as a component-removal group
or comparison formulation will be necessary.

5.9. Strengths and Limitations

A strength of the present study is that two independent studies
conducted at different times were not forcibly combined; instead,
complete-pair analyses were reconstructed from participant-lev-
el pre/post data, with multiplicity explicitly adjusted within each
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study. In Study 2, the n=7 analysis, which yielded nominally sig-
nificant findings, was not presented alone; the n=9 main analysis
was shown first, and the n=7 analysis was positioned as a post
hoc sensitivity analysis. The extreme baseline insulin value in
P01 was not arbitrarily removed, and both individual trajectories
and medians were presented. Results in potentially unfavorable
directions, such as the HDL-C decrease and the direction of re-
nal-function changes, were reported using the same criteria. Pre-
senting the main analysis, sensitivity analysis, multiplicity cor-
rection, and individual trajectories together reduces the risk of
emphasizing only statistically significant findings; this improves
interpretability despite the small study size but does not over-
come the limitations associated with limited statistical power.
In exploratory research, showing effect direction, interindividu-
al variation, confidence intervals, and dependence on the anal-
ysis population is more informative for designing a subsequent
validation study than the p value alone. The present manuscript
therefore neither replaces the main analysis with the nominally
significant n=7 results nor discards those results entirely. There
are, however, many limitations. First, both studies were small
single-arm studies without control groups, randomization, or
blinding; natural variation, regression to the mean, seasonality,
and behavioral changes cannot be separated from intervention
effects. Second, there was no formal prespecified sample-size
calculation, public trial registration, or detailed prespecified sta-
tistical analysis plan, and numerous outcomes were evaluated
exploratorily. FDR correction was applied retrospectively, but
this does not eliminate the design limitations. Third, although
the n=7 analysis in Study 2 has medical rationale based on acute
symptoms and non-adherence, it was post hoc and cannot com-
pletely exclude selection bias.

Fourth, potential confounders such as diet, physical activity,
alcohol use, smoking, sleep, acute infection, vaccination, and
concomitant supplements were not systematically quantified. In
Study 2, participants were instructed not to eat before examina-
tions, but water and tea were permitted; because the available
records did not document whether beverage intake was uni-
formly noncaloric, fasting conditions may not have been fully
standardized. In Study 1, antidiabetic therapy was not changed
during the intervention, but other concomitant medications and
duration of diabetes could not be sufficiently characterized.
Fifth, adherence assessment relied mainly on self-report rather
than quantitative returned-sachet counts or electronic records,
so the actual intake rate could not be calculated. Sixth, Study 2
included men only, limiting generalizability to women. Seventh,
information on plant part, processing conditions, lot, detailed
quantities of individual ingredients, and quality specifications
was insufficient; the amount of the proprietary blend and the ex-
act amount and proportion of processed C. brevicaule within it
were not disclosed by the manufacturer for proprietary reasons.
Eighth, detailed assay or device-specific measurement infor-
mation was incomplete for some outcomes, and transport and
processing conditions for NK-cell specimens could not be fully
traced. Ninth, systematic adverse-event surveillance was absent,
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limiting safety assessment. Tenth, mechanistic biomarkers such
as FOX03, AKT, AMPK, NAD-+, sirtuins, mitochondrial func-
tion, and cytokines were not measured. Accordingly, the molec-
ular-mechanistic discussion in this manuscript remains a litera-
ture-based hypothesis.

5.10. Recommendations for the Next Study

The next stage should be a prospectively registered, random-
ized, double-blind, placebo-controlled trial. The target popula-
tion should be narrowed to a single clinical background, such
as type 2 diabetes receiving pharmacological treatment or un-
treated obesity/insulin resistance, and one or a small number of
primary endpoints should be prespecified. If the Study 2 signals
are pursued, fasting insulin/HOMA-IR should be supplement-
ed with OGTT-derived indices or, in a subset, clamp measure-
ments, so that insulin sensitivity, secretion, and clearance can be
distinguished to the extent possible. If NK-cell activity is used
as a primary or secondary endpoint, rules for postponing blood
collection during acute infection, blood-collection time, trans-
port time, and measurement conditions should be standardized,
and NK-cell counts and subsets, granzyme/perforin, cytokines,
and related measures should be combined. If the mechanistic hy-
potheses are to be tested, AKT/FOXO3-, AMPK-, NAD+-, and
SIRT1/3/6-related biomarkers should be prespecified, and data
directly linking changes in clinical indices with pathway activa-
tion should be obtained. In addition, product lot, plant part, pro-
cessing method, marker compounds, and quality control should
be documented, and at minimum the composition information
necessary to evaluate study reproducibility should be maintained
in a form that investigators can verify while respecting propri-
etary restrictions. Adherence should be quantified using re-
turned-sachet counts or intake diaries. Safety should be assessed
through structured adverse-event collection, with lipids, kidney
function, and liver function prespecified for monitoring. Such a
design would allow a more rigorous determination of whether
the hypothesis-generating signals observed here represent a re-
producible formulation response or chance variation. Follow-up
duration should also be selected according to the study objec-
tive. Even when short-term changes in NK-cell activity or fast-
ing insulin are the main objective, repeated measurements across
the 12-week period should be considered; when the durability
of changes in HbAlc, body composition, lipids, or vascular
function is of interest, longer follow-up may be appropriate. For
safety, pre-existing abnormalities should be distinguished from
newly emerging post-intervention abnormalities, and the severi-
ty, causality, and outcomes of adverse events should be collected
in a standardized manner. In particular, the HDL-C decrease and
the direction of creatinine/eGFR changes observed here should
be explicitly incorporated into the safety-monitoring plan of the
next study.

6. Conclusions

Two independent exploratory single-arm studies of 12-week
supplementation with a processed C. brevicaule-contain-
ing powder were reanalyzed. In Study 1, only the decrease in
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HDL-C remained significant after FDR correction; no clear im-
provement was observed in HbAlc, LDL-C, body-composition
measures, ABI, or CAVI. In the nine-participant Study 2 main
analysis, none of the 30 outcomes was significant after FDR cor-
rection, and fasting insulin and NK-cell activity were not sig-
nificant in the main analysis. In a post hoc sensitivity analysis
excluding two participants with acute symptoms and non-adher-
ence, fasting insulin, post hoc HOMA-IR, and NK-cell activity
showed nominal signals; fasting insulin and NK-cell activity
did not remain significant after multiplicity correction, whereas
HOMA-IR was evaluated using nominal p values only. These
findings are hypothesis-generating rather than confirmatory. The
HDL-C decrease, safety-related findings, limitations of attribu-
tion inherent to the multi-ingredient proprietary formulation,
and the unmeasured FOXO3/AMPK/NAD+/sirtuin pathways
support the need for a sufficiently powered, prospectively reg-
istered, randomized placebo-controlled trial to assess reproduc-
ibility and mechanism.
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