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Abstract

Background: Menopause results in complex climacteric symptoms that significantly compromise
quality of life in postmenopausal women. Here, we specifically evaluated the dual synergistic effects
of Gochujang, a traditional Korean fermented food containing fermentation-enhanced isoflavone
aglycones and red pepper-derived capsaicinoids, in alleviating menopause-associated symptoms and
metabolic dysregulation. Methods: This was a pioneering 8-week, randomized, double-blind,
controlled clinical trial designed to assess the therapeutic effects of different Gochujang preparations
(high-Gochujang [HGC] and low-Gochujang [LGC]) in postmenopausal women, against a control
group (CG). The primary efficacy endpoint was a change in the total Kupperman Menopausal Index
(KMI) score. Secondary outcomes included body composition, metabolic marker levels, and safety
evaluations. Results: We observed a comprehensive, statistically significant decrease in the total KMI
score in both the HGC and LGC groups, with the CG group exhibiting no significant overall
improvement, indicating that Gochujang supplementation significantly alleviated climacteric
symptoms. Furthermore, we confirmed the anti-obesity effects of Gochujang: a statistically significant
decrease in percent body fat was observed in all three groups. The LGC group exhibited beneficial
body composition modulation, exhibiting a significant increase in fat-free mass and a corresponding
increase in basal metabolic rate without significant changes in overall weight. Moreover, the
intervention was well-tolerated, with no adverse changes observed in blood pressure or vital signs.
Conclusion: Gochujang supplementation is a safe and effective non-hormonal nutritional strategy.
This study provides clinical evidence that Gochujang is suitable for the concurrent management of
climacteric symptoms and favorable modulation of metabolic health in postmenopausal women.

Keywords: menopausal symptoms; gochujang; randomized controlled trial; Kupperman index; non-
hormonal therapy; body composition; fermented food

1. Introduction

1.1. Dual Metabolic Syndrome Burden and the Critical Need for Alternative Therapies for Menopausal
Symptom Management

The modern public health landscape is increasingly shaped by the concurrent increase in the
prevalence of metabolic disorders such as obesity and metabolic syndrome (MS), necessitating
innovative and sustainable strategies for metabolic regulation [1]. Simultaneously, quality of life is
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compromised in a growing demographic of postmenopausal women due to a constellation of adverse
symptoms, including vasomotor instability, sleep disruption, and mood changes [2].

The conventional management of debilitating menopausal symptoms typically involves
hormone replacement therapy (HRT). However, patients manifest widespread reluctance toward
HRT due to significant safety concerns, such as increased risk of cardiovascular events, venous
thromboembolism, and specific hormone-dependent cancers [3].

This pervasive reluctance in patients has created an urgent clinical need for effective, safe, and
natural dietary alternatives that can alleviate menopausal distress. This critical need has directed
research toward functional foods rich in phytoestrogens, which can serve as viable therapeutic
options.

Traditional fermented foods are globally recognized for their unique and diverse functional
health benefits, which are significantly enhanced through microbial biotransformation [4].

Gochujang, a traditional Korean fermented red pepper paste, is a highly relevant functional food
matrix for addressing this dual health challenge. Its unique composition, resulting from a
combination of capsaicin-rich red pepper powder and fermented soybeans (Meju), yields a potent
blend of bioactive compounds, including capsaicinoids and highly bioavailable isoflavone aglycones
[5,6].

1.2. Established Metabolic and Anti-Inflammatory Efficacy of Gochujang

Extensive scientific research on Gochujang, primarily focusing on its metabolic health- and
systemic protection-promoting effects, has robustly demonstrated its functional properties.

Anti-Obesity and Lipid Regulatory Effects: Preclinical models have shown that Gochujang
supplementation suppresses weight gain, decreases lipid accumulation in adipose tissue and the
liver, and enhances energy expenditure [7]. Of note, human randomized controlled trials have
provided clinical validation of its efficacy, revealing that it significantly decreases the visceral fat area
and favorably modulates blood lipid profiles (Total Cholesterol, LDL-C) in overweight subjects [7].
These anti-obesity effects are mechanistically linked to capsaicin-mediated activation of the
TRPV1/SIRT1 pathway, which drives white adipose tissue browning and the anti-adipogenic actions
of isoflavone aglycones that modulate key fat synthesis transcription factors (SREBP-1c, PPARY) via
AMPK activation [8,9].

Anti-inflammatory and Gut Health-promoting Effects: Gochujang exerts potent anti-
inflammatory effects, effectively suppressing pro-inflammatory cytokine (TNF-a, IL-6) expression
and inhibiting the NF-«B signaling pathway in colitis models [10]. Its protective effects extend to the
intestinal barrier, where capsaicin has been shown to reduce chronic low-grade inflammation (CLGI)
by stimulating tight junction protein (ZO-1 and Occludin) expression, thereby restoring intestinal
integrity [11]. Furthermore, its consumption promotes a positive shift in the gut microbiota by
increasing the population of beneficial bacteria [12].

Protective Effects on the Cardiovascular System: Studies have shown that Gochujang possesses
anti-hypertensive potential and that it can suppress high-salt-diet-induced increase in blood pressure
through the downregulation of the Renin-Angiotensin-Aldosterone System (RAAS) [13]. Gochujang
incorporates fermented soybean blocks (meju), in which the fermentation process converts isoflavone
glycosides, the native forms in soybeans, to their highly bioavailable aglycone forms (daidzein,
genistein, and glycitein). These isoflavone aglycones exert anti-hypertensive effects by potentiating
the release of vasorelaxant mediators; more specifically, they exert their effects primarily by
increasing nitric oxide (NO) production in vascular endothelial cells [14].

1.3. Knowledge Gap and Research Objectives
The Meju component of Gochujang, which yields bioavailable isoflavone aglycones at high
concentrations, is derived from fermented soybeans. Given the high phytoestrogenic content of

Gochujang, its clinical usefulness as an alternative therapy for the management of menopausal
symptoms is highly plausible. Despite the pervasive reluctance of patients toward HRT, no rigorous
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randomized, controlled clinical trial has been conducted to specifically evaluate the efficacy of
Gochujang supplementation in relieving symptoms of menopausal syndrome.

To address this critical knowledge gap, we conducted an 8-week, randomized, double-blind,
placebo-controlled clinical trial using formulated Gochujang pills. The primary objective of the study
was to rigorously evaluate the efficacy of Gochujang supplementation in relieving symptoms of
menopausal syndrome. The secondary objectives were to assess the effects of different Gochujang
formulations on key metabolic parameters, including body composition and blood lipid profiles, as
well as to evaluate their impact on gut microbial composition.

Gochujang induced a statistically significant decrease in the total Kupperman Index (KMI) score
in both the high-Gochujang (HGC) and low-Gochujang (LGC) groups, indicating significant overall
improvement of menopausal symptoms, and was well-tolerated as it was not associated with any
safety issues during the 8-week intervention period.

2. Materials and Methods

2.1. Clinical Trial Design

This was an 8-week, randomized, double-blind, controlled clinical trial registered with the
Korean Clinical Research Information Service (CRiS) under the identification number, KCT0011085.
Participants were required to visit the clinical center on three occasions, i.e., at screening/baseline
(week 0), at an interim visit (week 4), and at the final assessment (week 8). The interim visit was
implemented to monitor vital signs, assess adherence to the dosing regimen, and document potential
adverse events.

The primary efficacy endpoint was a change in the Kupperman Index (KMI) score from baseline
to week 8. Secondary endpoints included changes in body composition, including body weight, body
mass index (BMI), percent body fat (PBF), and fat-free mass (FFM), measured via a bioelectrical
impedance analysis (BIA). Standard biochemical assays, including lipid profile assays, were also
conducted at baseline and week 8.

The investigational products consisted of three distinct Gochujang formulations in pill form: (1)
Traditional Gochujang with high beneficial microorganism content (HGC), (2) Traditional Gochujang
with low beneficial microorganism content (LGC), and (3) Commercial Gochujang (CG). Sixty
volunteers were recruited and randomly allocated to one of the three treatment arms (n=20 per
group). During the 8-week study, two participants withdrew, with 58 participants successfully
completing the protocol.

2.2. Study Population and Dosing Protocol

Sixty female volunteers aged 45-70 years were enrolled in the trial. All participants were
confirmed to be postmenopausal, defined either as 12 consecutive months of amenorrhea or based
on formal medical certification from an obstetrician-gynecologist. Furthermore, all participants were
required to manifest menopausal syndrome of at least moderate severity, defined as a baseline KMI
score >15.

Exclusion criteria: >10% change in body weight within the previous three months; existing
cardiovascular morbidities; known allergy to any component of the test material; chronic
gastrointestinal disease; prior history of major gastrointestinal surgery; participation in another
clinical trial within the two preceding months; impaired hepatic or renal function; consumption of
antipsychotic agents within the two previous months; clinically significant abnormal laboratory
results; psychological instability; history of substance abuse; or pregnancy/lactation. The study
protocol was approved by the Institutional Review Board (IRB) of Wonkwang University Hospital
(Approval no.: WKUH IRB 2025-03-030-002) and all subjects provided written informed consent.

Participants were instructed to swallow three capsules twice daily i.e., after their morning and
evening meals. This regimen resulted in a total daily supplement consumption of 25.2 g,
corresponding to 19 g/day of dehydrated Gochujang powder. This daily target dosage of Gochujang
powder (19 g) was selected based on the 2014 Korean National Health and Nutrition Survey, which
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identified the average daily red pepper paste intake and extreme consumption level for the Korean
population to be 10.75 and 3,686 g, respectively [15].

Table 1. Composition of Gochujang pills.

HTG LTG CG
Ingredient
Content (g) Ratio (%) Content (g) Ratio (%) Content(g) Ratio (%)
Freeze-dried Gochujang powder 19.0 75 19.0 75 19.0 75
Microcrystalline cellulose 5.1 20 5.1 20 5.1 20
Magnesium stearate 1.1 5 1.1 5 1.1 5
Total 25.2 100 252 100 25.2 100

2.3. Safety Assessment

Safety was assessed via physical examination and laboratory testing at each visit. Laboratory
safety evaluations included a complete blood count and measurement of biochemical indicators of
hepatic (ALT, AST, total protein, and albumin) and renal (BUN and creatinine) function. Vital signs
(pulse rate, systolic blood pressure (SBP) and diastolic blood pressure (DBP)) were recorded at every
visit after a ten-minute rest period.

2.4. Efficacy Assessment

The primary efficacy endpoint was a change in the KMI score, which reflects the severity of 11
climacteric symptoms [16]. Secondary endpoints included metabolic, hepatic, and inflammatory
biomarker levels, including the levels of complete lipid profile parameters (TC, LDL-C, HDL-C,
triglyceride, non-HDL-C, and TG/HDL-C), hepatic enzyme (ALT, AST, and GGT) levels, renal
indicator (BUN and creatinine) levels, glucose/insulin metabolism marker (fasting glucose and
insulin) levels, and high-sensitivity C-reactive protein (hs-CRP) levels. Surrogate indices for insulin
sensitivity (HOMA-IR, QUICKI) and {3-cell function (HOMA-[) were also calculated.

2.5. Statistical Analysis

All statistical analyses were performed using PASW Statistics version 23.0 (IBM Corporation,
Armonk, NY, USA). Continuous variables were reported as mean +* standard deviation (SD).
Statistical significance was set at p < 0.05. Within-group changes from baseline (week 0) to week 8
were analyzed using a paired sample t-test for normally distributed data or the Wilcoxon signed-
rank test for non-normally distributed data.

3. Results

3.1. Changes in Menopausal Symptoms as Assessed Using the Kupperman Index

The effects of the intervention on menopausal symptoms were evaluated using the KMI score,
and detailed results are presented in Table 2. Primary analysis of the total KMI score revealed a
statistically significant decrease in both the HGC (p < 0.0001) and LGC (p <0.0001) groups, indicating
significant overall improvement of menopausal symptoms. In contrast, the change in total KMI score
in the CG group was not statistically significant (p = 0.429). Analysis of the individual KMI items
revealed a significant improvement in the scores for hot flashes and paresthesia in all three groups,
as well as a decrease in other group-specific symptoms (Table 2).
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Table 2. Efficacy evaluation of the Kupperman index between the three groups.
Group
HTG (n=20) LTG (n=20) CG (n=20)
Value
Before After P Before After P Before After P
ue value value

Vasomotor <0.000

9+2.55 7422 8.842.78 6.8+2.28 0.002 8.84+2.85 7.16+2.85  0.002
symptoms 1

Paresthesia  1.5+1.43 1+1.03 0.021 2+1.3 1.2#1.2 0.008 1.79+1.75 1.05+x1.22  0.015
Insomnia  3.7#0.98 3.6£1.39  0.789 3.841.94 3.7+1.17 0.853  3.37+1.5 3.47+1.47 0.716

Nervousnes
. 11#137  05:0.89  0.030 09+137 03:073 0055 0.84+1.38 0.32+0.75 0.021
Melancholi 040 - 0'05;0'2 0¢0 0330 0.16:0.5 040 0.187
a
0.950.6 0.75:0.6
Vertigo ) 0.55:0.83  0.042 4 05:0.61 0056 1082  0.53+0.61  0.001

Fatigue 24+0.75 245+0.76 0.834 23+0.66 2.5+0.61 0.330 2.21+0.71 2.58+0.61  0.049
0.65+0.5 0.35+0.4

Headache  0.6x0.75  0.4+0.6 0.258 9 9 0.030  0.89+0.74 0.53+0.51  0.031
Arthralgia
and 1.8+0.95 2.1+0.85 0267 1.6+094 1.6£0.82 1.000 1.84+0.69 1.95+0.62  0.650
myalgia
0.35+0.8 0.15+0.6  0.05+0.2 #VALUE #VALUE
Palpitation 3 0.05+0.22  0.110 o 5 0.541 | | 0.331
Formicatio  0.05+0.2 <0.000
5 0.0+0.0 0.330 0.1#045 0.0+0.0  0.330 0.05+0.23  0.0+0.0 1
n
21.3+2.3 17.65+2.2 <0.000 21.1+3.6 <0.000 17.58+2.6
Total 17£3.29 21+2.87 0.429
9 5 1 7 1 9
Vaginal 1.45+0.8 1.15+0.5
1.3+0.57  1+0.46 0.010 0.030 1.21+0.71 1.11+046  0.187
dryness 3 9

Values are expressed as the mean + standard deviation (SD). The statistical significance of within-group changes
from before to after the intervention was determined using a paired t-test. P-values < 0.05 were considered

statistically significant and are indicated in bold font.

The KMI is a validated rating scale for quantifying the severity of 11 common climacteric
symptoms. Each symptom is rated on a 4-point severity scale (0=none, 1=mild, 2=moderate, and
3=severe), and the total score is calculated as a weighted sum. A higher score indicates greater
symptom severity, and a decrease from baseline represents clinical improvement. In this study, a
baseline KMI score 215 was adopted as an inclusion criterion for defining moderate-to-severe
menopausal syndrome.
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Figure 1. Efficacy evaluation of the Kupperman index between the three groups. HTG, traditional Gochujang
containing a high dose of beneficial microbes; LTG, traditional Gochujang, containing a low dose of effective
microbes; CG, commercially prepared Gochujang.

3.2. Changes in Anthropometric and Body Composition Parameters

Changes in the anthropometric data and body composition of subjects after the 8-week
intervention period are presented in Table 3. A statistically significant decrease in percent body fat
(PBF) was observed in all three groups (p < 0.05). In addition, there were significant changes in other
parameters in certain groups. There was also a significant decrease in body fat mass (BFM) in the
HGC group (p =0.002). A significant increase in fat-free mass (FFM) and basal metabolic rate (BMR)
was observed in the LGC group (p =0.025 and 0.024, respectively). For all other measured parameters,
including weight, BMI, waist circumference (WC), and the waist-to-hip ratio (WHR), no statistically
significant changes were observed in any group (p > 0.05).

Table 3. Efficacy evaluation of antiobesity between the three groups.

Group
HTG (n=20) LTG (n=20) CG (n=20)
Value
Before After P Before After P Before After p-value
value value
(‘Z:) 87.18+3.87  87.1£3.92  0.288 88.02+6.24 87.96+6.26  0.713 88.98+6.6 88’9316'5 0.495
AFR
%) 0.91+0.03 0.9+0.03 0.065 0.92+0.04 0.91x0.05 0.131 0.92+0.04  0.92£0.03  0.772
WHR 0.91+0.04 0.91+0.04  0.577 0.90+0.04 0.9+0.04 0.481 0.92+0.05  0.92+0.05  0.331
‘?ﬁig? 63.01+5.98  62.52+6.03  0.055 64.83+8.13 65.04+8.69 0477  64.85+5.75 64'7215'4 0.648
BMI

(kg/m?  26.05+2.05  25.87+2.32  0.069 26.2+2.56 26.29+2.81 0.465 26.94+2.73  26.9£2.79 0.781

]?1}:;\;[ 23.71+3.74  23.12#3.71  0.002 26.42+7.04 24.16+4.82 0.228 25.07+4.48 24’5?4'1 0.099
I()l/ﬂ; 37.48+3.63  36.85+3.59  0.008 38.37+2.5 36.9+3.43 0.041 38.51+4.97 37'8§i4'6 0.045
1:1122;[ 39.34£3.55 39.4+3.63 0.620 39.91+4.71 40.88+4.57 0.025 39.7743.59 40'1313'5 0.064
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AFR: Abdominal Fat Rate; BFM: Body Fat Mass; BMI: Body Mass Index; BMR: Basal Metabolic Rate; FFM: Fat-
Free Mass; PBF: Percent Body Fat; WC: Waist Circumference; WHR: Waist-to-Hip Ratio. Values are expressed

0.92+0.03 0.772

as mean * standard deviation (SD). The statistical significance of within-group changes from before to after the
intervention was determined using a paired t-test. P-values < 0.05 were considered statistically significant and

are indicated in bold font.

39

38.51

38.5 38.37

38 37.84

37.48

36.9

37 36.85

36.5

36

Before After Before After Before After

HTG LTG CG
Figure 2. Efficacy evaluation of antiobesity between the three groups. HTG, traditional Gochujang containing a
high dose of beneficial microbes; LTG, traditional Gochujang, containing a low dose of effective microbes; CG,

commercially prepared Gochujang; PBF, Percent Body Fat.

3.3. Effects of Gochujang on Markers of Lipid and Glucose Metabolism

The effects of the intervention on key inflammation-, lipid metabolism-, and glucose
metabolism-related markers were assessed, and the results are summarized in Table 4. Overall, the
8-week intervention did not result in any statistically significant changes in the levels of
inflammation- or glucose metabolism-related markers (including fasting blood glucose, insulin,
HOMA-IR, and HOMA-{) in any of the three groups. As concerns lipid metabolism, most
parameters, including total cholesterol and LDL cholesterol, remained stable, with no significant
alterations observed in their levels with respect to those at baseline. The only statistically significant
change observed was a slight decrease in HDL cholesterol levels following the intervention.
However, the magnitude of this decrease was small, and mean values remained well within the
normal clinical range. Therefore, this change was not considered clinically significant.

Table 4. Efficacy evaluation of Lipid and Glucose Metabolism between the three groups.

Group
HTG (n=20) LTG (n=20) CG (n=20)
Val
atue p- p- p-
Before After valu Before After valu Before After valu
e e e
CRP
(mg/L) 0.85+0.7 1.24+1.61 0.163  0.81+0.73 1.85+2.95 0.101 1.48+2.15 1.64+2.03 0.740
ESR
6.65+4.98 7.7+5.94 0.230  6.95+£3.93 7.9+5.37 0.510  8.32+6.83 8.63+5.95 0.795
(mm/h)
HDL
(mg/dL) 57.15+14.69  54.9+11.83 0.131  60.8+11.98 57.4+11.3 0.029 50.74+16.32 53.26x12.68 0.274

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.



https://doi.org/10.20944/preprints202512.2004.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 December 2025 d0i:10.20944/preprints202512.2 1

8 of 14
LDL 108.7+45.86 105.75£43.0 0.544 101+31.6 99.4+26.52  0.713  117.74+40.3 110.42:38.6 0.336
(mg/dL) 3 2
e 194.35+51.1 184.7+47.61 0.202 187.1+3543 184.9+27.31 0.630 195.53£36.6 188+39.61  0.327
(mg/dL) 3
Triglycerid ~ 157.7+192.0 126.145226  0.395 115.45+74.9 140.0£122.6  0.167 110.84+47.5 112.16+51.1 0.930
e 1 3 8 2
Non-HD 137.2450.16  129.8+45.76  0.350 126.3+37.79  127.5+32.75 0.790 144’72139'1 134'741&40'2 0.220

TG/HDL 3.56+6.45 2.45+1.29 0.399 2.08+1.67 2.86+3.63 0.162 2.28+1.18 2.14+1.31 0.628

Glucose 00004  10135:889 0062 1066418 107341428 0776 OF7H56 01041 0862
(mg/dL) 9
Insulin

6.75:388 748365 0298  7.51+417  884+462 0112 643311 828562  0.097
(nU/mL)
HOMA-IR 4 6501 191+1.05 0198  2.07+1.4 73'74§318'8 0328  17:092  2.14+141  0.140

HOMA-B  72.69+49.17 70.58+30.24 0.795 62.92+27.96 73.83+x33.43 0.081 57.38+27.19 76.17#59.96 0.071
QUICKI 0.38+0.07 0.36x0.03  0.095  0.36+0.04 0.33x0.05  0.059  0.36+0.04 0.35+0.04  0.088
CRP: C-Reactive Protein; ESR: Erythrocyte Sedimentation Rate; HDL: High-Density Lipoprotein; HOMA-f:
Homeostatic Model Assessment for B-cell function, HOMA-IR: Homeostatic Model Assessment for Insulin
Resistance; LDL: Low-Density Lipoprotein; QUICKI: Quantitative Insulin Sensitivity Check Index; TC, Total

Cholesterol. Values are expressed as mean + standard deviation (SD). The statistical significance of within-group

changes from before to after the intervention was determined using a paired t-test. P-values < 0.05 were

considered statistically significant and are indicated in bold font.

3.4. Safety and Tolerability Assessment

Gochujang safety and tolerability were assessed by monitoring vital signs and conducting
hematological and biochemical analyses before and after the 8-week intervention period; the results
are summarized in Table 5. Throughout the study period, no statistically significant changes were
observed in vital signs, including systolic blood pressure (SBP), diastolic blood pressure (DBP), and
pulse, in any of the groups. Key indicators of liver function (GGT, AST, and ALT) also remained
stable, with no significant changes observed with respect to their levels at baseline. Several other
biochemical and hematological parameters, including RBC counts, hemoglobin levels, hematocrit,
creatinine levels, uric acid levels, total protein levels, and albumin levels, showed statistically
significant changes from their levels at baseline in one or more groups. However, all of these changes
were minor, and the mean values for all parameters remained well within their normal clinical ranges
throughout the study period. No adverse events related to these changes were reported by the
participants. Overall, these findings suggest that the Gochujang-based supplement was well-
tolerated and was not associated with any safety issues during the 8-week intervention period.

Table 5. Safety and Tolerability Assessment.

Group
HTG (n=20) LTG (n=20) CG (n=20)
1
Value ] ) p-
Before After P Before After P Before After valu
value value
e
SBP 128.15+11 128.05+13. 133.68+9.  129.63+12.1
130.2+£12.99 0.434 129.7+12.59 0.621 0.085
(mmHg) 94 2 67 1
DBP 76.79+9.4
78.6+7.62 76.1+7.32 0.221 76+9.96 74.05+9.89 0.253 74+7.97 0.064
(mmHg) 2
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Pulse 76.75+11.
73.7+7.85 0.164 71.1+8.26 70.35+7.65 0.713 75.3749.8  74.58+8.03  0.662
(bpm) 62
WBC
6.61+1.42 6.65+1.45 0.903 6.05+1.21 6.01+1.24 0.882 6.51+0.94 6.15+1.23 0.099
(10%/uL)
RBC
(105/uL) 4.55+0.33 4.53+0.42 0.646 4.47+0.25 4.36+0.3 0.083 4.46+0.25 4.35+0.26 0.013
n
Hemoglobi 13.54+0.8 13.46+0.6
13.77+0.88 0.029  13.47+0.82  13.39+1.06 0.552 13.11+0.55  0.013
n (g/dL) 4 2
Hematocrit 40.06+2.4
%) 41.11+2.33 s 0.002  40.17+2.19  40.74+5.91 0.700 40.4+1.78  39.12+1.55  0.003
GGT (U/L) 23.45+12. 28.58+20.
23+10.74 0 0.734  28.7+17.67  32.42+21.06 0.123 1 26.95+16.03 0.517
AST (U/L) 29.42+5.8
30.5+6.8 29.6+5.1 0.442 28.2+6.54 27.9+7.46 0.844 5 29.21+10.17  0.902

ALT (U/L) 25.45+8.19 26.1+7.4 0.650 23.3+8.81  26.75+10.24 0.110 25.42+8.6  26.58+13.66  0.569

BUN 13.97+2.6 15.95+4.3
14.44+3.2 0.554  14.34+4.27  15.11+4.14 0.267 14.46+3.82  0.063
(mg/dL) 7 3
Creatinine
0.61+0.11 0.65+0.11 0.056 0.65+0.1 0.69+0.1 0.048 0.7+0.15 0.7+0.14 0.954
(mg/dL)
Uric acid
4.78+1.03 4.72+0.93 0.705 4.65+1.19 4.89+1.35 0.027  4.78+1.21 4.49+1.08 0.035
(mg/dL)
T. protein
(&/dL) 7.08+0.42 7.110.42 0.631 7.08+0.29 6.98+0.42 0.110 7.06+0.35 6.91+0.35 0.044
g
Albumin
(e/dL) 4.36+0.19 4.35+0.21 0.797 4.31+0.18 4.18+0.24 0.004 4.27+0.24 4.19+0.18 0.114
g
T. bilirubin
0.79+0.28 0.81+0.31 0.534 0.84+0.29 0.77+0.22 0.131 0.67+0.12 0.69+0.13 0.604
(mg/dL)
LD (U/L) 194.85+47.1 174.8+23.1  172.55+26.0 186.63+2  190.79+27.2
193+38.1 0.706 0.507 0.412
4 8 1 4.31 4
ALP (U/L) 72.1£17.7 70.95+14.
71.9+16.13 s 0900  72.5+21.78  72.65+22.51 0.931 & 69.58+13.63  0.390
CK (U/L) 103.55+39 94.95+37.7 110.26+3  121.74+46.9
115.4+41.3 g5 0.149 ; 96.65+38.85 0.700 818 1 0.236

ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BUN: Blood
urea nitrogen; CK: Creatine kinase; DBP: Diastolic blood pressure; GGT: Gamma-glutamyl transferase; LD:
Lactate dehydrogenase; RBC: Red blood cell; SBP: Systolic blood pressure; T. bilirubin: Total bilirubin; T.
protein: Total protein; WBC: White blood cell. Values are expressed as mean + standard deviation (SD). The
statistical significance of within-group changes from before to after the intervention was determined using a

paired t-test. P-values < 0.05 were considered statistically significant and are indicated in bold font.

4. Discussion

Menopause, an important physiological transition associated with a decline in ovarian function,
results in a complex array of climacteric symptoms, including disruptive vasomotor events, disturbed
sleep, and affective mood alterations [17,18]. These manifestations significantly compromise quality
of life in a large proportion of postmenopausal women, highlighting the need for the development of
effective therapeutic strategies [19,20]. Although HRT is the most effective pharmaceutical
intervention for managing these symptoms, its long-term application remains controversial owing to
documented safety concerns, particularly those related to cardiovascular events and hormone-
sensitive malignancies [21,22]. Consequently, there is a persistent patient preference for scientifically
substantiated, non-hormonal, natural alternatives [22,23].
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Our rationale for selecting an alternative functional food for use in the postmenopausal context
was driven by the imperative to address the dual pathological burden common in this population.
Estrogen deficiency following menopause increases the risk for conditions such as metabolic
syndrome and central adiposity, which occur concurrently with severe climacteric symptoms.
Therefore, an optimal nutraceutical should possess a pleiotropic therapeutic profile, being capable of
concurrently mitigating climacteric symptoms and attenuating metabolic dysregulation. Gochujang,
a complex Korean traditional fermented food (KTFF), was specifically selected owing to its potential
to provide this dual synergistic benefit. It integrates fermentation-enhanced isoflavone aglycones
with red pepper-derived capsaicinoids and provides a chemical matrix distinct from that of single-
component phytoestrogen supplements [24].

Previous studies have established a robust functional profile for Gochujang, particularly in
relation to the mitigation of chronic metabolic and inflammatory pathologies [12]. Human clinical
trials carried out in overweight adults have demonstrated that Gochujang supplementation induces
a verifiable decrease in visceral adipose tissue mass [25] and favorable modulation of blood lipid
profiles, primarily through TRPV1 channel activation [26]. This activation promotes WAT browning
and enhanced thermogenesis [27]. Preclinical data have also confirmed the potent anti-inflammatory
action of Gochujang, mediated via a decrease in pro-inflammatory cytokine levels and NF-xB
signaling pathway inhibition [28,29]. Furthermore, evidence suggests that Gochujang positively
modulates the RAAS, thereby exerting anti-hypertensive effects regardless of its characteristic high
sodium content [13,30].

Despite this significant evidence of the systemic health benefits of Gochujang, data supporting
its clinical efficacy against menopausal syndrome is lacking. Research on climacteric symptom relief
has mostly focused on isolated phytoestrogens or other structurally related KTFFs such as
Cheonggukjang, which has been clinically proven to alleviate menopausal symptoms through the
use of the KMI as primary endpoint [31,32].

This study represents a pioneering effort to bridge this gap. To the best of our knowledge, this
is the first randomized, double-blind, controlled clinical trial designed to assess the therapeutic effects
of various Gochujang preparations on climacteric symptom severity in postmenopausal women. We
selected the KMI as the primary measure for efficacy as it is globally established and recognized as
an authoritative and validated quantitative rating scale for assessing climacteric symptoms in
controlled clinical trials [33].

Our findings, for the first time, provide clinical evidence to substantiate this therapeutic
potential. Regarding the primary outcome, we demonstrated a statistically significant decrease in the
total KMI score in both the HGC and LGC groups (P < 0.0001), with no significant overall
improvement observed in the CG group (P = 0.429). This indicates that Gochujang supplementation
provides significant and comprehensive climacteric symptom relief. Of note, improvements in
vasomotor symptoms, specifically, hot flashes and paresthesia, were observed across all three groups,
suggesting a more general effect of the intervention on these symptoms.

Furthermore, our results on the anti-obesity effects of Gochujang align with those of previous
studies, although we present some novel insights. We observed a statistically significant decrease in
PBF in all three groups. There was also a significant decrease in total BFM in the HGC group.
Intriguingly, subjects in the LGC group exhibited a unique and favorable change in body
composition, with a significant increase in FFM and a corresponding increase in BMR. These
improvements in body composition were not accompanied by significant changes in overall weight
or BMI. However, unlike in some previous studies which focused on assessing metabolic profiles,
with the exception of a minor, clinically insignificant decrease in HDL-C, we did not observe
significant changes in broader lipid profiles and glucose metabolism markers in this study. The
functional rationale for selecting Gochujang is bolstered by its documented anti-obesogenic effects in
human intervention trials [34]. Systematic reviews have confirmed that primarily via TRPV1 receptor
activation, capsaicinoid increases thermogenesis, as well as daily energy expenditure by
approximately 50 kcal/day [35]. Mechanistically, capsinoid supplementation for 8 weeks at a dose of
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9 mg/day has been shown to increase brown adipose tissue activity in humans, thereby promoting
non-shivering thermogenesis [36]. These physiological changes result in improvements in body
composition, with randomized controlled trials on the effects of Gochujang in overweight adults
demonstrating a verifiable decrease in visceral fat content over 12 weeks [24]. Specifically, Gochujang
consumption for 12 weeks significantly improved cardiovascular risk profiles by decreasing serum
triglyceride levels (-14.1%) and the TG/HDL ratio. This evidence confirms that Gochujang is an
effective functional food for concurrently managing the high metabolic risk associated with the
postmenopausal state.

As concerns safety and tolerability, the intervention was well-tolerated by all participants. In
line with previous studies which suggested that Gochujang exerts a benign or even favorable effect
on the RAAS [37], we observed no adverse changes in blood pressure or other vital signs. Although
minor, statistically significant fluctuations were observed in the levels of some hematological and
biochemical markers, all mean values remained well within normal clinical ranges, confirming the
safety of Gochujang during the 8-week intervention. These safety findings are crucial for establishing
Gochujang as a viable long-term nutritional supplement for postmenopausal women.

5. Conclusions

This randomized, controlled trial demonstrated the efficacy of Gochujang in mitigating the dual
pathological burden of climacteric symptoms and metabolic risk in postmenopausal women. The
primary endpoint showed that Gochujang supplementation induced a statistically significant
decrease in the total KMI score (p < 0.0001) across the intervention groups. Favorable secondary
outcomes included a significant decrease in PBF across all groups and an increase in FFM in the LGC
group, which indicated beneficial modulation of body composition. Safety assessments confirmed
excellent Gochujang tolerability, with no adverse changes observed in hematological profiles, vital
signs, or self-reported symptoms. These data suggest that Gochujang is a safe, non-hormonal
nutraceutical for the concurrent clinical management of climacteric symptoms and metabolic health
in postmenopausal women.
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The following abbreviations are used in this manuscript:

BMI Body mass index

CG Control group

FFM Fat-free mass

HGC High-Gochujang

HRT Hormone replacement therapy
LGC Low-Gochujang

KMI Kupperman Menopausal Index
PBF Percent body fat
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RAAS Renin-Angiotensin-Aldosterone System
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