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Clinical aesthetic effects of oral collagen 
oligopeptides on wrinkle appearance in women 
aged 45-60 years: a randomized, double-blind, 
placebo-controlled trial
Efeitos clínicos de oligopeptídeos de colágeno oral na aparência de rugas 
em mulheres de 45-60 anos: ensaio clínico randomizado, duplo-cego, 
controlado por placebo

ABSTRACT
Introduction: Oral collagen supplementation has been investigated as a strategy to support skin appea-

rance, although clinical effects are generally modest. In aesthetic dermatology, both the magnitude and 

temporal pattern of changes are relevant. 

Objective: To assess the effects of oral supplementation with collagen oligopeptides on facial wrinkle 

appearance in women aged 45-60 years. 

Methods: A randomized, double-blind, placebo-controlled clinical trial was conducted in 102 women. 

Participants received collagen oligopeptides (2.5 g/day) or a placebo for 12 weeks. Wrinkle intensity was 

the primary endpoint, assessed using standardized digital imaging. Dermal density and collagen-related 

optical signals were analyzed as exploratory outcomes. 

Results: A significant reduction in wrinkle intensity was observed in the active group at week 8. A 

reduction was already apparent at week 4, although not statistically significant, and values remained nu-

merically lower at week 12. The placebo group showed minor variations. Exploratory parameters showed 

numerical increases but were not statistically significant. 

Conclusion: Collagen oligopeptide supplementation was associated with a reduction in wrinkle inten-

sity, with an early effect that was partially maintained over time, indicating a measurable aesthetic benefit.

Keywords: Skin Aging; Collagen; Dietary Supplements; Peptides; Dermis

RESUMO
Introdução: A suplementação oral de colágeno tem sido investigada como estratégia para suporte à aparência da pele, 

embora os efeitos clínicos sejam geralmente modestos. Em dermatologia estética, a magnitude e o padrão temporal das 

alterações são relevantes. 

Objetivo: Avaliar os efeitos da suplementação oral com oligopeptídeos de colágeno na aparência de rugas faciais em 

mulheres de 45-60 anos. 

Métodos: Ensaio clínico randomizado, duplo-cego e controlado por placebo com 102 mulheres. As participantes rece-

beram oligopeptídeos de colágeno (2,5 g/dia) ou placebo durante 12 semanas. A intensidade das rugas foi o desfecho 

primário, avaliado por meio de imagens digitais padronizadas. A densidade dérmica e os sinais ópticos associados ao 

colágeno foram analisados como desfechos exploratórios. 

Resultados: Observou-se redução significativa na intensidade das rugas no grupo ativo na semana 8. A redução já 

era observável na semana 4, sem significância, e os valores permaneceram numericamente inferiores na semana 12. 

O placebo apresentou variações discretas. Os parâmetros exploratórios apresentaram aumentos numéricos, sem signi-

ficância estatística. 

Conclusão: A suplementação com oligopeptídeos de colágeno associou-se à redução da intensidade das rugas, com 

efeito precoce e manutenção parcial ao longo do tempo, indicando benefício estético mensurável.

Palavras-chave: Envelhecimento da Pele; Colágeno; Suplementos Nutricionais; Peptídeos; Derme 
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INTRODUCTION
Skin aging arises from a complex interplay between in-

trinsic biological mechanisms, such as genetic programming, 

hormonal fluctuations, and chronological decline, and extrinsic 

stressors including ultraviolet exposure, environmental pollution, 

and behavioral factors. Together, these factors progressively impair 

dermal architecture, leading to reduced elasticity, thinning of the 

dermis, and the formation of clinically visible wrinkles.
1
 Among 

the various manifestations of skin aging, wrinkle appearance re-

mains one of the most relevant and perceptible endpoints in aes-

thetic dermatology, serving as a key parameter for assessing the 

efficacy of interventions. Given the multifactorial nature of skin 

aging, nutritional interventions and functional food ingredients 

capable of modulating extracellular matrix (ECM) homeostasis 

have gained increasing attention as complementary strategies for 

maintaining skin health. In this context, the ability of such in-

terventions to produce measurable changes in skin appearance, 

particularly under controlled clinical conditions, represents an 

important translational challenge in the field.
1–3

Collagen, the predominant fibrillar protein of the dermal 

ECM, plays a central structural role in maintaining the mecha-

nical integrity and firmness of the skin. With advancing age, col-

lagen synthesis decreases while enzymatic degradation accelera-

tes, resulting in fragmentation of collagen fibers and progressive 

loss of tensile strength. These age-related alterations in collagen 

dynamics are closely associated with clinically observable dete-

rioration in skin appearance, contributing to skin laxity, reduced 

tone, and deeper wrinkle formation.
2

Among nutritional interventions targeting ECM integrity, 

hydrolyzed collagen peptides (CPs) have gained increasing atten-

tion. Derived from enzymatic cleavage of native type I collagen, 

these peptides possess low molecular weight and are efficiently 

absorbed following oral ingestion. After ingestion, specific colla-

gen-derived peptides can be detected in plasma and have been re-

ported to accumulate within the dermis, where they are thought 

to function as biochemical messengers, potentially interacting 

with fibroblast activity and supporting ECM-related processes, as 

suggested by experimental and translational studies.
3–6

Experimental data provide biological plausibility for the 

proposed mechanisms. In vitro studies have shown that collagen 

peptides can enhance fibroblast activity, increasing type I procolla-

gen synthesis while reducing the expression or activity of matrix 

metalloproteinases (MMP-1 and MMP-2). Zague et al.
7
 showed 

that collagen hydrolysates promoted ECM protein deposition in 

fibroblasts from both sun-protected and photoaged skin, with 

greater effects under UV-induced stress, supporting a potential 

modulatory role of collagen-derived peptides under conditions 

of dermal challenge. Low-molecular-weight peptides containing 

hydroxyproline are particularly relevant because they have been 

shown to interact with fibroblast-associated pathways and modu-

late ECM-associated processes, providing a structure-function ra-

tionale based primarily on experimental models, which is relevant 

to the interpretation of functional food applications.
7,8

More recently, Zague et al.
9
 expanded these findings by 

integrating molecular and clinical evidence. In a randomized 

controlled trial involving 85 women, daily ingestion of collagen 

oligopeptides (Col-OP, 2.5 g/day) was associated with impro-

vements in skin firmness and elasticity compared with placebo, 

while hydration showed a consistent, though not statistically sig-

nificant, improvement. Complementary gene expression analy-

ses indicated upregulation of extracellular matrix components 

(procollagen I, decorin, biglycan) and TIMP-1, alongside down-

regulation of MMP-1 and versican, providing molecular-level 

support for a coordinated modulation of dermal matrix-related 

pathways, which may contribute to the clinical effects observed.
9

Taken together, these results strengthen the biological 

plausibility of collagen peptides as potential modulators of ECM 

homeostasis and overall skin quality. Nevertheless, inconsistencies 

among studies, stemming from differences in peptide profiles, do-

sage regimens, and methodological designs, have led to substantial 

variability in reported clinical outcomes. Recent meta-analyses em-

phasize the need for standardized formulations and rigorously con-

trolled trials to confirm efficacy and to further characterize, rather 

than definitively establish, the molecular basis of observed effects.
9–11

Given the need for objective imaging-based assessments 

and dermal biomarkers capable of sensitively capturing ECM-

-related changes in vivo, this study tested the hypothesis that 

daily oral supplementation with collagen oligopeptides (2.5 g/

day for 12 weeks) would promote a measurable reduction in fa-

cial wrinkle intensity, with particular emphasis on the temporal 

pattern of response, compared with placebo. Changes in dermal 

density and collagen-related optical markers were evaluated as 

complementary, exploratory endpoints, to support biological 

plausibility and provide an integrated assessment of structural 

and optical skin-related changes, rather than to establish defini-

tive mechanistic effects.

MATERIALS AND METHODS
Test Substance

The investigational product consisted of food-grade col-

lagen oligopeptides (Col-OP; manufacturer details withheld for 

blinded review), supplied as a powder and derived from bovine 

type I collagen by controlled enzymatic hydrolysis. The investi-

gational product was supplied in single-dose sachets, each con-

taining 2.5 g of Col-OP, to be dissolved in water before oral 

intake. The placebo was also supplied as a powder in identical 

sachets and was matched in appearance, taste, and texture to 

maintain blinding. The resulting peptide mixture had an avera-

ge molecular weight of approximately 4 kDa, with about 40% 

of fragments below 1 kDa. The peptide profile of Col-OP was 

analytically characterized, confirming a reproducible distribu-

tion of low-molecular-weight collagen-derived oligopeptides 

consistent with the specifications of a standardized bovine type 

I collagen hydrolysate. This level of physicochemical characteri-

zation was considered sufficient for the purposes of the present 
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clinical investigation. Although individual peptide sequences are 

proprietary, previous studies have shown that low-molecular-

-weight collagen-derived peptides can reach the bloodstream af-

ter oral ingestion
12

 and have been associated with modulation of 

ECM-related pathways, including fibroblast activity and MMP/

TIMP balance.
7,9

 These prior observations provide biological 

plausibility but should not be interpreted as direct mechanistic 

evidence within the present clinical trial.

The placebo was an isocaloric, organoleptically identical 

powder composed of maltodextrin and containing no collagen 

peptides. The placebo was matched in appearance, taste, and tex-

ture to ensure adequate blinding of participants and investigators. 

No bioactive compounds, flavors, or other functional excipients 

with potential biological activity were included.

Study Design and Participants

The protocol was reviewed and approved by the Re-

search Ethics Committee of Universidade São Francisco, lo-

cated in Bragança Paulista, São Paulo, Brazil (CAAE number 

70137923.4.0000.5514; approval no. 6.123.303, issued on June 

16). All volunteers provided written informed consent prior to 

enrollment. The study was conducted in accordance with the 

principles of the Declaration of Helsinki and Good Clinical 

Practice (GCP) guidelines, and in compliance with all applicable 

national regulatory requirements. This study was a single-center, 

randomized, double-blind, placebo-controlled clinical trial. One 

hundred and two women aged 45–60 years, representing Fitzpa-

trick skin phototypes II–V, were screened and randomized (49 

to the Col-OP group and 53 to the placebo group). The com-

puter-generated sequence used an equal allocation probability 

(1:1), without blocking or forced balancing of final group sizes; 

therefore, a small numerical imbalance resulted by chance, with 

49 participants allocated to the Col-OP group and 53 to the pla-

cebo group. Baseline clinical assessments were performed prior to 

randomization to confirm comparability between treatment arms.

Exclusion criteria included pregnancy or lactation, any 

active dermatological condition, or ongoing medical or cosme-

tic procedures that could affect the outcomes. The use of topical 

retinoids, chemical peels, or similar interventions within 4 weeks 

prior to baseline was prohibited. Throughout the trial, participants 

were instructed to avoid excessive UV exposure, artificial tanning, 

and dietary or topical products aimed at anti-aging effects. The 

use of basic skincare products habitually used by the participants, 

limited to cleansers, moisturizers, and sunscreens, was permitted, 

provided that these products had been part of their routine be-

fore enrollment and remained unchanged throughout the study. 

Participants were further instructed to maintain consistent dietary 

habits, contraceptive methods, and skincare routines throughout 

the study period. Adherence to these restrictions was monitored 

at each study visit, and noncompliance was prospectively defined 

as a criterion for exclusion from the study.

Participants were randomly assigned with an intended 1:1 

allocation probability to receive either Col-OP or placebo for 12 

weeks using a computer-generated randomization sequence. The 

unequal 49:53 distribution reflected the use of simple randomi-

zation and did not result from exclusions according to predefined 

eligibility criteria. Both test materials were provided in identical 

sachets, each containing a single daily dose (2.5 g) to be dissol-

ved in water and consumed in the morning. Randomization was 

computer-generated using a predefined random sequence, and 

both participants and investigators remained blinded to group al-

location throughout the study. Allocation concealment was ensu-

red using sequentially numbered, identical sachets prepared by an 

independent pharmacist, and compliance was monitored at each 

visit through systematic sachet counts and standardized adherence 

questionnaires. Study visits were conducted at baseline, week 4, 

week 8, and week 12 under controlled environmental conditions.

Assessments

Study visits were conducted at baseline and at weeks 4, 

8, and 12. All instrumental assessments were performed under 

standardized environmental conditions following predefined 

operating procedures.

Wrinkle intensity was quantified using standardized high-

-resolution digital imaging coupled with dedicated analytical 

software (ImageJ 1.47v, National Institutes of Health, Bethesda, 

MD, USA). All photographs were acquired under controlled illu-

mination, at a fixed camera distance, and with standardized facial 

positioning using a mechanical head stabilizer. Image processing 

was performed using a pre-specified macro that quantified the 

Rq parameter (root-mean-square roughness). Rq corresponds 

to the root-mean-square of the profile-height deviations within 

the analysis area and was used as the primary quantitative des-

criptor of wrinkle intensity and the primary clinical endpoint 

of the study. Dermal density was assessed using a 22-MHz high-

-frequency ultrasound device, the Ultrascan UC22 (Courage + 

Khazaka Electronic GmbH, Köln, Germany). Three consecutive 

measurements were obtained at each anatomical site and avera-

ged to minimize technical and operator-dependent variability.

In parallel, collagen-related optical signals were indirectly 

estimated by diffuse reflectance spectroscopy (DRS) using the 

FluoroMax-4 spectrofluorometer (HORIBA Scientific, Edison, 

NJ, USA). The excitation wavelength was set to 290 nm, emis-

sion spectra were recorded from 300–500 nm, and all spectra 

were normalized to the maximal tryptophan fluorescence peak 

prior to ratio calculation. Spectra were collected in triplicate at 

each anatomical site and averaged to minimize instrument-rela-

ted variability. The collagen-to-tryptophan ratio was calculated 

as a noninvasive, exploratory optical marker associated with der-

mal collagen-related signals and should not be interpreted as a 

direct measure of collagen biosynthesis or structural remodeling. 

Based on collagen-to-tryptophan ratio values obtained from 10 

anatomically defined facial regions (Figure 1), an exploratory 

aging map was generated. The resulting map (Figure 4) was ren-

dered as a color-coded image, with a scale ranging from 0.0 (in-

dicating very low collagen-related signal, represented in white) 
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to 3.0 (indicating very high collagen-related signal, represented 

in dark blue).

Wrinkle intensity was designated as the primary clinical 

endpoint of the study, with particular emphasis on its temporal 

evolution throughout the intervention period. Dermal density 

and the DRS collagen-to-tryptophan ratio were defined as se-

condary, exploratory endpoints intended to provide supportive 

biological context and an integrated interpretation of instru-

mental findings, rather than definitive mechanistic evidence.

All evaluators were trained before study initiation and 

followed standardized operating procedures throughout the stu-

dy. Instrument calibration and quality control procedures were 

performed according to the manufacturers’ recommendations.

Statistical Analysis

Data were analyzed using analysis of covariance (AN-

COVA) and linear mixed-effects models, incorporating group, 

time, and their interaction (group × time) as fixed factors and 

participant as a random effect. The mixed-effects framework 

was used to evaluate the overall temporal trajectory of responses 

across study visits, allowing for the assessment of time effects and 

potential group × time interactions, in addition to between-

-group comparisons at individual time points. Between-group 

contrasts were expressed as adjusted means and change-from-ba-

seline estimates, accompanied by 95% confidence intervals and 

standardized effect sizes (Hedges’ g), to facilitate interpretation 

of effect magnitude alongside statistical significance, with parti-

cular emphasis on the primary endpoint. P-values were correc-

ted for multiple comparisons within each endpoint across time 

points using the Holm-Bonferroni method. All models included 

baseline values as covariates where appropriate.

Model assumptions, including normality, homoscedasti-

city, and independence of residuals, were evaluated using stan-

dard diagnostic procedures, such as inspection of residual dis-

tributions, assessment of variance homogeneity, and screening 

for influential observations. For percentage-based outcomes 

(collagen-to-tryptophan ratio), residual distributions were addi-

tionally inspected for skewness; no substantial deviations from 

model assumptions were identified. Missing data were handled 

under the assumption of missing at random (MAR). The linear 

mixed-effects models were estimated using restricted maximum 

likelihood, allowing the inclusion of all available observations 

without the need for data imputation. All statistical tests were 

two-sided, with a predefined significance level of α = 0.05. Pri-

mary analyses followed the intention-to-treat principle using 

available-case analysis under the mixed-effects framework. Sen-

sitivity analyses using mixed-effects models were performed to 

confirm the robustness of the primary ANCOVA findings. All 

statistical procedures were defined a priori before data unblin-

ding and applied consistently across endpoints. All analyses were 

performed using R software version 4.3.1 (R Foundation for 

Statistical Computing, Vienna, Austria).

A post-hoc power analysis was conducted using the obser-

ved effect size for wrinkle intensity at week 8 (Hedges’ g ≈ 0.28). 

Based on the final sample size (n = 49 in the active group and n 

= 53 in the placebo group), α = 0.05, and a two-tailed ANCOVA 

design, the statistical power achieved was estimated at approxi-

mately 65% for the observed effect size. This level of statistical 

power reflects the ability to detect of modest treatment effects as 

limited by the sample size and is consistent with effect magnitudes 

typically reported in nutritional and aesthetic intervention trials. 

However, it remains below the conventional 80% threshold, indi-

cating limited sensitivity for detecting small between-group diffe-

rences, particularly for secondary exploratory endpoints and later 

time-point comparisons, and should be interpreted accordingly.
12

Expected effect sizes for planning were derived from 

previous randomized controlled trials evaluating collagen pepti-

des, including Proksch et al.,
13

 Asserin et al.,
14

 and Zague et al.,
9
 

which reported effect sizes between 0.25 and 0.45 for wrink-

le- and elasticity-related endpoints using daily doses of 2.5–5 g. 

Assuming a conservative anticipated effect size of 0.30, α = 0.05, 

and 80% statistical power, a minimum of 45–50 participants per 

group was estimated to be required. The final sample size of the 

present study fell within this recommended range for detecting 

modest primary endpoint effects, while acknowledging reduced 

sensitivity for secondary exploratory outcomes and small bet-

ween-group differences at later time points.

 

Figure 1: Anatomically defined facial regions for diffuse 
reflectance spectroscopy (DRS). Ten standardized facial 
regions were selected to capture variability in wrinkle for-
mation and dermal remodeling across anatomically distinct 
zones. Normalized fluorescence spectra for collagen and 
tryptophan were acquired at each site under standardized 
conditions. Triplicate spectra were collected and averaged 
to reduce local variability and improve measurement consis-
tency. The resulting collagen-to-tryptophan ratio was used 
as an exploratory optical marker and served as the basis for 
generating the facial aging map presented in Figure 4
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RESULTS
Study Population

Out of 102 randomly assigned women, 49 were allocated 

to Col-OP and 53 to placebo. This 49:53 distribution reflected 

the use of simple computer-generated randomization with equal 

allocation probability and no forced block balancing, rather than 

post-randomization exclusion according to eligibility criteria. 

Four participants (2 from each group) discontinued before the 

12-week visit, all for personal reasons unrelated to treatment or 

adverse events. No treatment-related adverse events leading to 

discontinuation were reported, and no serious adverse events 

were observed during the study period. No protocol deviations 

related to product intake or prohibited concomitant treatments 

were reported. Baseline demographic and clinical parameters, 

including age, Fitzpatrick phototype, and wrinkle severity, were 

generally comparable across groups, indicating adequate balan-

ce between groups (Table 1). No statistically significant baseline 

differences were observed between groups for key demographic 

or clinical variables. The per-protocol sample included 98 wo-

men, and all analyses followed the intention-to-treat principle 

with available-case analysis under the mixed-effects framework 

for repeated measures. Overall study retention was high, with 

balanced discontinuation across treatment arms, supporting the 

internal validity of the trial.

Wrinkle Intensity

A statistically significant between-group difference in 

change-from-baseline wrinkle intensity was observed at week 

8, when Col-OP supplementation was associated with a re-

duction in wrinkle intensity compared with placebo. This time 

point represented the greatest separation between groups during 

the intervention period. Detailed adjusted mean changes and 

effect size estimates are presented in Table 2. Within the active 

group, a directional reduction was apparent by week 4 and values 

remained numerically lower at week 12, whereas participants 

receiving placebo showed a reduction primarily at the final as-

sessment. This temporal pattern is consistent with an early onset 

of response followed by a peak separation at the intermediate 

time point and partial maintenance over time. Figure 2A depicts 

the mean temporal trend, and Figure 3 presents representative 

images from one participant, illustrating the qualitative pattern 

of reduction in wrinkle depth and surface roughness, consistent 

with the group-level findings.

Although the standardized effect size was small (Hedges’ 

g), negative between-group Δ values indicate a greater reduc-

tion in wrinkle intensity in the active group compared with 

placebo. The consistency of directional effects across multiple 

analytical approaches supports the robustness of the observed 

temporal pattern, despite the modest magnitude of change. The-

se findings were consistent in direction across sensitivity analyses 

using linear mixed-effects models, which reproduced the overall 

temporal pattern observed in the ANCOVA results. The modest 

effect magnitude likely reflects inter-individual variability in ba-

seline wrinkle characteristics and response kinetics. Such varia-

bility is commonly observed in aesthetic clinical trials involving 

heterogeneous skin-aging profiles. No adverse events related to 

imaging procedures or participant discomfort were reported.

Dermal Density

Ultrasound assessments revealed small increases in der-

mal density following Col-OP intake (Figure 2B). Although the 

active group exhibited numerically higher values across all post-

Table 1: Baseline characteristics of participants
Characteristic Active (n = 49) Placebo (n = 53) p-value

Age, years 53 (4) 53 (4) NS

Wrinkle intensity baseline 8.78 (2.09) 8.41 (2.40) NS

Dermal density baseline 9.63 (3.38) 10.04 (2.48) NS

All values are mean (standard deviation). NS = not significant.

Table 2: Changes in wrinkle intensity (ANCOVA, LS-means ± 95% CI)

Time point
Active (LS-mean 

Δ ± 95% CI)

Placebo (LS-mean 

Δ ± 95% CI)

Between-group Δ 

(95% CI)
p-value Hedges’ g (95% CI)

Week 4
–0.066 

(–0.15 to 0.01)

–0.002 (–0.09 

to 0.08)

–0.066 

(–0.15 to 0.01)
0.08

–0.17 

(–0.40 to 0.06)

Week 8
–0.110 

(–0.17 to –0.05)

–0.025 (–0.09 

to 0.04)

–0.085 

(–0.141 to –0.028)
0.046

–0.28 

(–0.51 to –0.05)

Week 12
–0.095 

(–0.16 to –0.03)

–0.040 (–0.10 

to 0.02)

–0.055 

(–0.14 to 0.02)
0.09

–0.19 

(–0.42 to 0.04)

ANCOVA: analysis of covariance; CI: confidence interval; LS: least squares. All models adjusted for baseline values; negative between-group Δ values indicate a greater reduction in 

wrinkle intensity in the active group compared with placebo.
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-baseline visits, these changes did not reach statistical significan-

ce, as the 95% confidence intervals included zero at every time 

point (Table 3). Both groups demonstrated minor numerical 

fluctuations over time, without a consistent directional pattern 

clearly favoring the active treatment. The corresponding effect 

size was negligible, indicating a limited detectable effect on der-

mal density within the 12-week intervention period. ANCOVA 

and mixed-effects sensitivity analyses produced consistent, non-

-significant results. Within-group variability was observed across 

visits, remaining within the expected range for ultrasound-ba-

sed dermal density measurements. High-frequency ultrasound is 

known for operator- and site-dependent variability, which may 

contribute to measurement variability in dermal assessments. 

Overall, the ultrasound data indicate no statistically significant 

changes in dermal density over the study period.

Collagen-Related Optical Signals Assessed by Dif-

fuse Reflectance Spectroscopy

Measurements obtained using DRS, used here as a no-

ninvasive optical surrogate for collagen-related signal rather 

than as a direct measure of collagen biosynthesis or structural 

remodeling, indicated a numerical increase in collagen-to-tryp-

tophan ratios in the Col-OP group compared with placebo  

(Figure 2C). The collagen-to-tryptophan ratio increased pro-

gressively throughout the intervention, reaching approximately 

30% above baseline at week 12 in the Col-OP group, whereas 

the placebo group showed an increase of approximately 12%. 

Although between-group differences did not reach statistical 

significance, the temporal pattern remained consistently favo-

rable across all post-baseline visits (Table 4). Both groups exhi-

bited minor variability across visits, although the active group 

demonstrated a numerically more consistent pattern over time. 

The standardized effect size was small, indicating a limited de-

tectable signal under the conditions of this study. Sensitivity 

analyses using mixed-effects modeling produced similar non-

-significant patterns, confirming the consistency of the observed 

temporal profiles across analytical approaches.

Figure 4 illustrates the aging map generated from mean 

collagen-to-tryptophan ratio values in the Col-OP group, pro-

viding a complementary visual representation of spatial variation 

in collagen-related optical signals; the color scale was normali-

zed for visualization purposes. This visualization was included 

to facilitate qualitative interpretation of spatial patterns rather 

than quantitative comparison. The map reflects mean values wi-

thin the active group and does not represent a formal statistical 

comparison. Given the exploratory nature of this optical bio-

Figure 2: Temporal changes in wrinkle intensity, dermal density, and collagen-related optical signals during 12 weeks of 
supplementation. Wrinkle intensity (Rq parameter), dermal density assessed by high-frequency ultrasound, and collagen-
-related optical signals expressed as the collagen-to-tryptophan ratio obtained by diffuse reflectance spectroscopy (DRS) 
are presented as mean change from baseline with 95% confidence intervals at weeks 4, 8, and 12 for participants receiving 
collagen oligopeptides (Col-OP, 2.5 g/day) or placebo. Change-from-baseline values are shown to reduce the influence of 
baseline variability and to illustrate temporal response patterns across visits; negative values indicate a reduction in wrinkle 
intensity relative to baseline, with lower Rq values corresponding to improved skin surface topography. Wrinkle intensity 
was the predefined primary endpoint and showed the greatest between-group separation at week 8, when a statistically 
significant difference was observed (p < 0.05, Holm-Bonferroni corrected). A reduction was already apparent at week 4 and 
values remained numerically lower at week 12, suggesting partial maintenance of the response over time. Dermal density 
and collagen-related optical signals were prespecified exploratory endpoints; although between-group differences for these 
parameters did not reach statistical significance, both measures showed numerically consistent temporal patterns in line 
with the primary clinical outcome. Taken together, these findings provide an integrated view of the response trajectory over 
time, with statistical significance observed for wrinkle intensity and exploratory findings in complementary instrumental 
measures.
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Figure 3: Representative wrinkle-intensity images from a participant supplemented with Col-OP. High-resolution digital ima-
ges from a representative participant at baseline (T0) and after weeks 4, 8, and 12 of supplementation. The participant was 
selected based on a response trajectory close to the group median for wrinkle intensity changes. Images were acquired 
under standardized conditions and processed using a predefined ImageJ macro to compute the Rq parameter. Three-dimen-
sional surface rendering is shown with a color-coded topographic scale (yellow indicating elevations and dark blue indicating 
deeper valleys), providing a qualitative representation of changes in skin surface roughness over time. These images are 
intended to illustrate morphological patterns consistent with the group-level findings and do not represent a quantitative 
comparison.

Figure 4: Facial aging map derived from collagen-to-tryptophan ratio values (obtained by diffuse reflectance spectroscopy 
[DRS]). The aging map was generated from mean collagen-to-tryptophan ratio values obtained across the ten anatomically 
defined facial regions shown in Figure 1 for participants in the Col-OP group. The visualization represents a spatial integration 
of collagen-related optical signals, with the color scale ranging from 0.0 (very low signal, white) to 3.0 (very high signal, dark 
blue). Values were normalized for visualization purposes only to allow comparison across facial regions. This map is intended 
to illustrate spatial distribution patterns of collagen-related optical signals and does not represent a statistical comparison 
or a direct measure of collagen content or structural remodeling. Given the exploratory nature of this optical marker, the 
figure should be interpreted as a qualitative representation only, complementing the temporal trends observed in Figure 2C
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marker, these findings should be interpreted as exploratory and 

supportive rather than as conclusive evidence of ECM-associa-

ted changes.

DISCUSSION
In this randomized, double-blind, placebo-controlled 

clinical trial, daily supplementation with standardized collagen 

oligopeptides (2.5 g/day) met the predefined primary clinical 

endpoint by significantly reducing wrinkle intensity compared 

with placebo at week 8. Improvements were already evident at 

week 4 and remained numerically favorable at week 12, sugges-

ting an early onset followed by partial maintenance of the res-

ponse. Dermal density showed no detectable changes, whereas 

collagen-related optical signals demonstrated consistent nume-

rical increases throughout supplementation, providing comple-

mentary support for the overall pattern of clinical findings.

Although the observed effect size for wrinkle reduc-

tion was modest, the corresponding change in Rq roughness 

reflects a measurable modification in skin surface topography. 

In the context of nutritional and cosmetic dermatology, such 

variations are frequently reported and may be associated with 

perceptible improvements in fine wrinkle appearance under 

controlled conditions. The temporal profile observed here, with 

early changes followed by a clearer separation at week 8, is con-

sistent with a gradual response pattern typically associated with 

oral supplementation. These findings suggest that relatively small 

quantitative shifts may reflect dynamic changes in skin surface 

characteristics that are not fully captured by secondary structural 

endpoints within a 12-week period.

The present findings are broadly consistent with previous 

experimental and clinical studies investigating collagen-derived 

peptides. Evidence from in vitro models indicates that these peptides 

can modulate ECM-related pathways, including collagen synthesis 

and matrix metalloproteinase activity.
7,8

 Clinical studies have also 

reported improvements in parameters such as elasticity, hydration, 

and wrinkle appearance after 8 to 12 weeks of supplementation.
13,14

 

However, the magnitude of these effects is generally modest, reflec-

ting the progressive and cumulative nature of nutritional interven-

tions compared with procedural or topical approaches.

For example, Proksch et al. reported improvements in skin 

elasticity at doses ranging from 2.5 to 5 g/day, along with residual 

effects observed after discontinuation.
13

 In a subsequent analysis, 

reductions in periorbital wrinkle volume were observed at weeks 

4 and 8, accompanied by increased levels of procollagen I and 

elastin. Similarly, Asserin et al. described improvements in skin 

hydration, dermal density, and collagen network organization, su-

pported by ex vivo findings.
14

 Taken together, these studies suggest 

a temporal pattern in which early changes may emerge within the 

first month and become more evident between weeks 8 and 12, 

consistent with the temporal profile observed in the present study.

 Additional evidence from other clinical contexts su-

pports the broader relevance of collagen supplementation. A 

longer-term randomized trial in cellulite found improvements 

Table 4: Changes in collagen-to-tryptophan ratio (DRS, ANCOVA, LS-means ± 95% CI)
Time point Active 

(LS-mean Δ% ± 95% CI)

Placebo 

(LS-mean Δ% ± 95% CI)

Between-group 

Δ% (95% CI)

p-value Hedges’ g 

(95% CI)

Week 4 +18% 

(–5% to +41%)

+6% 

(–12% to +24%)

+12% 

(–15% to +39%)

0.22 +0.12 

(–0.10 to +0.34)

Week 8 +24% 

(–2% to +50%)

+9% 

(–10% to +28%)

+15% 

(–14% to +44%)

0.18 +0.14 

(–0.08 to +0.36)

Week 12 +30% 

(–5% to +65%)

+12% 

(–8% to +32%)

+18% 

(–13% to +49%)

0.16 +0.18 

(–0.05 to +0.41)

ANCOVA: analysis of covariance; CI: confidence interval; DRS: diffuse reflectance spectroscopy; LS: least squares. All models adjusted for baseline values; positive between-group Δ 

values indicate a higher collagen-related optical signal in the active group compared with placebo

Table 3: Changes in dermal density (ANCOVA, LS-means ± 95% CI)
Time point Active (LS-mean Δ ± 

95% CI)

Placebo (LS-mean Δ 

± 95% CI)

Between-group Δ 

(95% CI)

p-value Hedges’ g (95% 

CI)

Week 4 +0.42 

(–0.18 to +1.02)

+0.25 

(–0.32 to +0.82)

+0.17 

(–0.65 to +0.99)

0.62 +0.05 

(–0.15 to +0.25)

Week 8 +0.48 

(–0.10 to +1.06)

+0.33 

(–0.25 to +0.91)

+0.15 

(–0.70 to +1.00)

0.71 +0.04 

(–0.16 to +0.24)

Week 12 +0.44 

(–0.16 to +1.04)

+0.36 

(–0.22 to +0.94)

+0.08 

(–0.76 to +0.92)

0.82 +0.02 

(–0.18 to +0.22)

ANCOVA: analysis of covariance; CI: confidence interval; DRS: diffuse reflectance spectroscopy; LS: least squares. All models adjusted for baseline values; positive between-group Δ 

values indicate a higher collagen-related optical signal in the active group compared with placebo
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in skin waviness and dermal density, particularly in indivi-

duals with lower BMI.
15

 More recently, supplementation with 

hydrolyzed fish cartilage has been associated with improvements 

in wrinkle-related parameters and dermal echogenicity.
16

 These 

findings indicate that the effects of collagen-derived peptides 

may extend across different anatomical sites and structural out-

comes, although inter-study variability remains substantial.

In this context, the results of the present study are ge-

nerally in line with the literature, although the magnitude of 

change was comparatively smaller. Several factors may contribu-

te to this difference, including variations in peptide composition, 

dosage, baseline characteristics of participants, and analytical me-

thodologies. In particular, the lack of statistically significant ef-

fects on dermal density contrasts with some previous reports.
14,15

It should be considered, however, that the present study 

was not specifically powered to detect differences in secondary 

endpoints, particularly those related to structural outcomes. In 

addition, the 12-week duration may not have been enough to 

capture slower ECM remodeling dynamics.

The spectroscopic findings should be interpreted as ex-

ploratory and as still providing complementary biological con-

text for the clinical outcomes. Collagen-related optical signals 

showed a progressive numerical increase throughout supple-

mentation, reaching approximately 30% above baseline after 

12 weeks in the active group, whereas in the placebo group 

it increased by approximately 12%. Although between-group 

differences did not reach statistical significance, the consistent 

temporal pattern observed across all post-baseline visits suggests 

that subtle ECM-related changes may accompany the observed 

reduction in wrinkle intensity. Given the inherent variability as-

sociated with optical measurements, larger studies incorporating 

complementary molecular biomarkers, such as procollagen I, 

TIMP-1, and MMPs, are warranted to further characterize the 

biological relevance of these findings.

The strengths of this study include its randomized, dou-

ble-blind design, the use of objective imaging-based endpoints, 

and the application of a predefined statistical framework combi-

ning ANCOVA and mixed-effects modeling. The integration of 

multiple assessment modalities, including imaging, ultrasound, and 

spectroscopy, also provides a broader perspective on skin-related 

changes. However, several limitations should be acknowledged. 

These include the moderate sample size for secondary endpoints, 

the single-center design, and the use of proprietary image-proces-

sing methods, which may limit comparability across studies. In ad-

dition, the absence of direct biomarker validation restricts mecha-

nistic interpretation, and the study population, limited to women 

aged 45–60 years, may limit the generalizability of the findings.

From a translational standpoint, the convergence of mo-

dest clinical improvements with existing biological plausibility 

supports further investigation in larger and more diverse popu-

lations. Future trials would benefit from longer follow-up pe-

riods, standardized imaging methodologies, and the inclusion of 

validated structural and molecular endpoints. Such approaches 

may help to better define the relationship between measurable 

biological changes and clinically perceptible outcomes.

In summary, daily supplementation with collagen oli-

gopeptides for 12 weeks was associated with a small but mea-

surable reduction in wrinkle intensity, reaching statistical sig-

nificance at week 8. No significant changes were observed in 

dermal density, and collagen-related optical signals showed a 

consistent numerical increase without statistical significance.

These findings are consistent with a modest, time-depen-

dent response profile and should be interpreted in light of the 

limited effect size and the exploratory nature of the secondary 

endpoints. Importantly, these findings complement our previous 

randomized clinical study using the same collagen oligopeptide 

ingredient, which found improvements in skin firmness, elasti-

city, and ECM-related gene expression, thereby expanding the 

clinical evidence across complementary skin-aging endpoints. 

Further studies are warranted to better define the magnitude, 

durability, and clinical relevance of these effects.

CONCLUSION
Daily supplementation with a standardized collagen oli-

gopeptide (Col-OP; 2.5 g/day for 12 weeks) was associated with 

a statistically significant reduction in wrinkle intensity at week 8 

compared with placebo. Although the magnitude of change was 

limited, the temporal pattern is consistent with an early response 

followed by partial maintenance over time. No significant effects 

were observed for dermal density, while collagen-related optical 

signals showed a consistent numerical increase that did not reach 

statistical significance. These findings should be interpreted as 

exploratory and supportive.

Overall, the results indicate that oral collagen supple-

mentation may contribute to measurable, albeit modest, impro-

vements in skin appearance under the conditions of this study. 

Further research is needed to better define the magnitude, dura-

bility, and biological relevance of these effects.
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