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Abstract

Skin aging has become a recurring concern even for younger people, mainly owing to

increased life expectancy. In this context, the use of nutricosmetics as supplements has

increased in recent years. Moreover, numerous scientific studies have shown the benefits

of hydrolyzed collagen supplementation in improving the signs of skin aging. The objective

of this study was to summarize the evidence on the effects of hydrolyzed collagen

supplementation on human skin through a systematic review followed by a meta-analysis

of clinical trials focusing on the process of skin aging. A literature search was conducted in

the Medline, Embase, Cochrane, LILACS (Latin American and Caribbean Health Sciences

Literature), and Journal of Negative Results in BioMedicine databases. Eligible studies

were randomized, double-blind, and controlled trials that evaluated oral supplementation

with hydrolyzed collagen as an intervention and reported at least one of the following

outcomes: skin wrinkles, hydration, elasticity, and firmness. After retrieving articles from the

databases, 19 studies were selected, with a total of 1,125 participants aged between 20

and 70 years (95% women). In the meta-analysis, a grouped analysis of studies showed

favorable results of hydrolyzed collagen supplementation compared with placebo in terms

of skin hydration, elasticity, and wrinkles. The findings of improved hydration and elasticity

were also confirmed in the subgroup meta-analysis. Based on results, ingestion of

hydrolyzed collagen for 90 days is effective in reducing skin aging, as it reduces wrinkles

and improves skin elasticity and hydration.

Introduction

Collagen is the main structural protein in connective tissues

such as the skin, tendons, cartilage, and bones, constituting

25–30% of all proteins in the body.1 Collagen is a component of

the extracellular matrix of cutaneous tissue, representing up to

75% of its total weight, and its main function is related to provid-

ing mechanical support. In association with hyaluronic acid, reti-

culin, and elastin, which are other fibers found in the

extracellular matrix, collagen forms a support network for fibrob-

lasts, keratinocytes, melanocytes, and specialized cells of the

skin immune system.2–4

The dermal collagen fiber network becomes increasingly frag-

mented (i.e., presenting shorter and less organized fibers that

accumulate as several fragments of degraded collagen) with

age.5 In addition, aging also increases the generation of metal-

loproteinases, which are enzymes that degrade collagen fibers,

thus decreasing the synthesis of new extracellular matrix com-

ponents, including the type of collagen produced by dermal

fibroblasts.6,7 The overlap of intrinsic aging and extrinsic aging

leads to structural and functional changes in the dermis, includ-

ing volume reduction, elasticity loss, decreased epidermal thick-

ness, increased wrinkles8, and decreased capacity to retain

moisture through the skin owing to decreased hyaluronic acid (a

compound responsible for retaining water in skin structures) in

the extracellular matrix.9,10

A wide range of dietary supplements, aside from the tradi-

tional systemic antioxidants, have been used to improve skin

health and achieve a younger appearance, such as some mar-

ine protein-based macromolecules.11–16 However hydrolyzed

collagen (HC), which has been used as one of the most recent

and promising anti-aging systemic supplementation, demon-

strated functional and beneficial effects on the skin in several

scientific studies, mainly by improving the clinical signs of skin

aging.3,17,18 Some studies have shown that the age-dependent

reduction in collagen synthesis can be reversed by the oral

administration of bioactive collagen peptides.19 These peptides

are obtained from the enzymatic hydrolysis of natural collagen.

Once digested, they are metabolized to dipeptides and tripep-

tides in the gastrointestinal tract and thereafter transported
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through the bloodstream and accumulate in the skin to form

new collagen fibers.20,21

HC supplements are rich in hydroxyproline, proline, and gly-

cine amino acids. Among these proteins, only hydroxyproline is

a component of collagen.22 Several studies have shown that

prolylhydroxyproline (Pro-Hyp) and hydroxyprolylglycine (Hyp-

Gly) are absorbed after ingestion as dipeptides, not as amino

acids,23–27 and become deposited on the skin.28 These dipep-

tides increase the bioactivity of dermal fibroblasts by increasing

collagen synthesis, thus improving hydration and elasticity29

and reducing wrinkles.30

With the increasing number of scientific publications and clini-

cal studies evaluating collagen supplementation worldwide, the

need for compiling and analyzing these data, to assist in deci-

sion making concerning supplementation, becomes evident.

Therefore, the objective of this study was to summarize the evi-

dence on the effects of HC supplementation on the human skin,

as reported in clinical trials focusing on the skin aging process,

through a systematic review followed by meta-analysis.

Materials and methods

Search strategy, inclusion criteria, and exclusion criteria

The Medline, LILACS (Latin American and Caribbean Health

Sciences Literature), Embase, Cochrane, and Journal of

Negative Results in BioMedicine databases were searched

using various combinations of specific terms from the thesaurus

of each database, terms used in the titles or abstracts, and free

terms associated with the research question. After the search,

studies that evaluated the role of HC supplementation in

preventing skin aging in humans were retrieved. The retrieved

studies were selected by two independent reviewers (RBM and

RCR), who initially considered the eligibility of titles and

abstracts, and thereafter checked the eligibility of full texts. In

case of disagreements, article selection was decided after a

consensus was reached between the two evaluators. The

databases were last accessed on October 6, 2020, and the

studies considered eligible for inclusion were randomized

clinical trials conducted in healthy patients aged >18 years who

received oral supplementation with HC. Studies that did not

meet the initial criteria and those that did not measure the

effect of supplementation on skin aging were excluded.

Data extraction

Data were independently extracted by the two evaluators (RBM

and RCR) and recorded in an electronic spreadsheet. The

following data were extracted: number of patients, gender, age,

groups evaluated in each study (treatment and placebo),

duration of the study, intervention, and primary outcomes

(hydration, elasticity, wrinkles, and skin density), as well as

baseline data of the measured characteristics in the placebo

and treatment groups. In studies that presented secondary

outcomes, such as the results of immunohistochemical assays,

biopsy findings, levels of hyaluronic acid and enzymes,

cutaneous pH, and skin color or presence of erythema, these

data were also extracted. All quantitative variables were

assessed as means � standard deviations (SDs).

Statistical analysis, sensitivity analysis, and bias

assessment

The studies were grouped according to outcome similarity, and

independent meta-analyses were conducted for each group.

Statistical analysis was performed using the random-effect

model (inverse variance) to calculate the mean difference and

SD for continuous variables. A probability (P) value of <0.05

was considered statistically significant. The result of the general

effect test was reported as a z value corroborating the

inference of the 95% confidence interval (CI). The Higgins I (I2)

statistical model was used to assess the heterogeneity of

results among the included studies. I2 values ≤50%

corresponded to low and moderate heterogeneity, whereas

values >75% indicated high heterogeneity. Subgroup analyses

based on result measurement units were performed to identify

the sources of heterogeneity. Sensitivity analysis censored by

unparalleled measurement units or study size was also

conducted to negate the effect of potentially influential studies.

The presence of publication bias was graphically presented

using a funnel chart. The quality of the included articles was

assessed according to the Cochrane guidelines for systematic

review and meta-analysis, in which each study was classified

according to the five types of bias (selection, performance,

detection, attrition, and reporting bias) proposed in the Risk of

Bias (RoB)-2 tool.31 All statistical analyses were performed

using the RevMan software (version 5.4; The Nordic Cochrane

Center, The Cochrane Collaboration, Copenhagen, 2020).

Results

Research results and study characteristics

The initial search retrieved 365 articles from the databases.

After removing studies according to the preestablished criteria

in the title and abstract eligibility stage and for being duplicates,

33 articles were considered relevant for a full-text review. Of

these, 14 articles were excluded according to the inclusion and

exclusion criteria, leaving a total of 19 articles eligible for quanti-

tative analysis. Figure 1 shows the study selection flowchart,

divided into the steps of identification, selection, eligibility, and

inclusion, according to the PRISMA (Preferred Reporting Items

for Systematic Reviews and Meta-analyses) recommendations

for writing systematic reviews.32

Study characteristics

A total of 1,125 patients completed the studies. The mean age

of the patients was 49.82 � 5.68 years in the intervention group

and 50 � 5.63 years in the placebo group (P = 0.006). The

mean number of female patients was 1,081 (95%) in both
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groups (P = 0.05). The duration of the studies ranged from 4 to

16 weeks. The forms of intervention and outcome assessment

criteria widely varied among studies. The main characteristics of

the selected studies are described in Table 1.

With respect to the baseline characteristics of the placebo

and treatment groups evaluated before the intervention, a com-

parative analysis showed no differences in the global means

between the two groups for skin elasticity (2.16 � 0.15 vs.

2.01 � 0.22 MPa, P = 0.23), skin wrinkles (32.1 � 20.9% area

vs. 29.7 � 16.9% area, P = 0.06), and transepidermal water

loss (TEWL) (14.7 � 4.6 vs. 14.6 � 4 g/m2/h, P = 0.72). How-

ever, a difference was observed between groups in dermis den-

sity (36.5 � 3.7 vs. 35.4 � 5.8, P = 0.0004), dermis thickness

(1435 � 110 vs. 1564 � 217 µm, P < 0.0001), and skin mois-

ture content (61.9 � 19.91% vs. 65.5 � 15.2%, P = 0.002).

Meta-analysis results

Pooled analysis of selected studies

The 19 selected studies were initially divided into two groups

according to the measured outcome (skin hydration or elasticity)

and thereafter subjected to a meta-analysis. Figure 2 shows the

forest plot of the meta-analysis of nine studies with respect to

combined skin hydration estimates comparing the placebo

group with the group of patients supplemented with HC. For this

outcome, supplementation resulted in significant improvement

(z = 2.58, P = 0.010), as evidenced by the overall effect size of

1.01 (95% CI 0.24, 1.78). In the meta-analysis with 14 studies

(Fig. 3) evaluating skin elasticity, HC supplementation also sig-

nificantly improved this outcome (z = 2.31, P = 0.02) in compar-

ison to the placebo group, with a general effect size of 1.27

(95% CI 0.19, 2.35).

The grouped analysis of the studies also showed positive

effects of collagen supplementation in terms of a significantly

decreased mean skin wrinkle value (�1.11; 95% CI �1.94,

�0.28; P = 0.009) and increased cutaneous density (0.48; 95%

CI 0.09, 0.88; P = 0.02), as shown in Figure 4. No significant dif-

ferences were identified between the treatment and placebo

groups in studies evaluating TEWL secondary outcomes (�0.44;

95% CI �0.99, 0.11; P = 0.12), skin rash (�0.27; 95% CI �0.61,

0.08; P = 0.13), collagen levels (0.74; 95% CI �0.89, 2.36;

P = 0.37), and melatonin pattern (�0.17; 95% CI �1.20, 0.86;

P = 0.75). The forest plots of these outcomes, as well as the

studies included in the meta-analysis, are shown in Figure S1.

For secondary outcomes extracted as visual analog scale

photoaging scores, the serum fibronectin, elastin, hyaluronic

acid, and carbonylated protein levels were reported in a single

study33, as well as skin pH34 and both were not included in the

meta-analysis. Comparative data between the HC supplementa-

tion group and the placebo group are described in Table S2.

Subgroup analysis based on corresponding measure-

ments

Subgroup analysis for cutaneous hydration was based on the

corresponding measurements in micrometres (five studies), per-

centage of hydration (two studies), and moisture content (arbi-

trary units [AU], two studies), and showed no significant global

differences between the groups (P = 0.53). Additionally, the

heterogeneity value decreased from I2 = 93% to I2 = 0%. In this

subgroup analysis, only the studies that measured hydration in

micrometres showed a significant and favorable difference with

HC supplementation (0.73; 95% CI 0.19, 1.27; P = 0.008),

according to the forest plot presented in Figure 5.

Similar to the grouped analysis (Fig. 3), a subgroup analysis

for cutaneous elasticity subdivided into MPa, percentage, and

AU measurement units demonstrated a significant difference

between the HC supplementation group and the placebo group

(P = 0.04), as shown in Figure 6. This subgroup analysis also

showed a decreased heterogeneity value from I2 = 98% to

I2 = 69.1%. Separately, only studies that measured elasticity in

MPa showed a significant difference in favor of supplementation

(4.65; 95% CI 1.11, 8.18; P = 0.010). The other studies showed

no positive effect of supplementation when measured in per-

centage (�0.22; 95% CI �1.48, 1.04; P = 0.73) and AU (0.28;

95% CI �0.45, 1.01; P = 0.45).

Sensitivity analysis

With respect to cutaneous hydration, the study by �Zmitek et al.

(2020) measured hydration using a different technique com-

pared with the other studies35, resulting in a higher value, as

shown in Figure 5. Thus, a sensitivity analysis was used to

assess the influence of this study in the subgroup and grouped

analyses, as shown in Figure 7. The exclusion of this study

resulted in no significant change, and both the corrected global

result (1.13; 95% CI 0.28, 1.97; P = 0.009) and the intragroup

result by measurement unit (0.86; 95% CI 0.26, 1.46;

P = 0.005) remained favorable to collagen supplementation.

Figure 1 Flowchart of the included studies
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Figure 2 Forest plot for the combined estimate of the included studies evaluating skin hydration in patients supplemented with hydrolyzed

collagen (HC) and patients in the placebo group. The horizontal lines represent the effect size � confidence interval (95% CI). The summary

effect size is represented by the diamond

Figure 3 Forest plot for the combined estimate of the included studies evaluating skin elasticity in patients supplemented with hydrolyzed

collagen (HC) and patients in the placebo group. The horizontal lines represent the effect size � confidence interval (95% CI). The summary

effect size is represented by the diamond

Figure 4 Forest plot for the combined estimate of the included studies evaluating skin roughness in patients supplemented with hydrolyzed

collagen (HC) and patients in the placebo group. The horizontal lines represent the effect size � confidence interval (95% CI). The summary

effect size is represented by the diamond
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Figure 5 Forest plot for subgroup analysis of skin hydration expressed as micrometers, percentage, and arbitrary units (AU) in patients

supplemented with hydrolyzed collagen (HC) and patients in the placebo group. The horizontal lines represent the effect size � confidence

interval (95% CI). The summary effect size is represented by the diamonds

Figure 6 Forest plot for subgroup analysis of cutaneous elasticity expressed as MPa, percentage, and arbitrary units (A.U.) in patients

supplemented with hydrolyzed collagen (HC) and patients in the placebo group. The horizontal lines represent the effect size � confidence

interval (95% CI). The summary effect size is represented by the diamonds
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In addition, this sensitivity analysis considered an additional

factor because a different measurement instrument was used

for hydration and HC was administered in association with

coenzyme Q10.35 Coenzyme Q10 supplementation had positive

effects on skin aging, such as reduced wrinkles and skin

smoothing in a clinical trial conducted by the same research

group.36 In this context, coenzyme Q10 could act complemen-

tarily or synergistically with collagen, mitigating the effects of

skin aging, with the sensitivity analysis confirming the direct

influence of this study on the overall result.

Of the studies that evaluated the effect of supplementation

on skin elasticity, only Genovese, Corbo, and Sibilla (2017)

expressed the result in millimeters,37 resulting in a different

value compared with the other studies. Thus, a sensitivity analy-

sis was conducted for elasticity, in which this study was

removed. Figure 8 shows that after removing the study, the

overall effect remained favorable to collagen supplementation

(1.16; 95% CI 0.04, 2.27; P = 0.04).

Bias

A methodological assessment of the quality of RoB was per-

formed using the RoB-2 tool. The assessment of RoB at the

domain level revealed a low RoB for most studies, as shown in

Figure 9. At the study level, an RoB was found in the blinding

of participants and researchers in the studies by Campos et al.

(2015), Choi et al. (2014), and Nomoto and Iizaka (2020),38–40

and with respect to incomplete data in the results by Nomoto

and Iizaka (2020), Proksch et al. (2014a), and Schwartz et al.

(2019),17,40,41 as shown in Figure 10.

Publication bias

In the visual evaluation, the funnel chart showed symmetry

(Fig. 11), indicating that the limited dispersion occurred

because of sample variation and not because of publication

bias. The vertical axis of the graph used standard error to esti-

mate the sample size of the study, plotting large population

studies at the top and smaller studies at the bottom. The hori-

zontal expansion showed the power and effect size of the

included studies.

Discussion

Despite the heterogeneity among studies, which used different

collagen peptide concentrations, formulations, origins (pigs, fish,

chicken, etc.), and forms of administration (liquid and solid) of

the oral supplement, most of the studies reported improved skin

hydration and elasticity, increased dermal density, and reduced

facial wrinkles. The beneficial effects were evident at 60 and

90 days after the start of supplementation and were maintained

for 30 days after the end of the intervention. Thus, the benefits

of this supplementation on the aspect of skin are related to its

maintenance period.

Several clinical studies evaluated the effects of oral HC and

observed improved dermal collagen synthesis, increased

Figure 7 Forest plot of the sensitivity analysis based on the exclusion of the study by �Zmitek et al. (2020) for cutaneous hydration: patients

supplemented with hydrolyzed collagen (HC) vs. patients in the placebo group. The horizontal lines represent the effect size � confidence

interval (95% CI). The summary effect size is represented by the diamonds
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collagen synthesis by fibroblasts, improved skin hydration and

elasticity, and decreased wrinkles.6,16,18,42

The study by Bolke et al. (2019) showed that a daily intake

of 2.5 g collagen peptides increased the level of hydration, skin

elasticity, and dermal density, and decreased the area of the

wrinkles in women aged >35 years after 90 days of supplemen-

tation.43 These findings were proven both by objective and sub-

jective assessment methods (questionnaires). In addition, the

observed results persisted for 30 days after the intervention.

Corroborating these findings, similar results were obtained in

clinical trials that administered 5 g collagen peptides, demon-

strating that supplementation of 2.5 g collagen peptides for

90 days is enough to obtain beneficial effects. The study by

Proksch et al. (2014) showed no improvement in skin hydration

with 2.5 or 5 g HC (Verisol�), and the difference may be attribu-

table to the measurement site (inner side of the arm).17 As the

measurement site is a region that is normally protected from

solar radiation, its skin aging process is less accelerated than

that of the outer side. That is, positive effects can be more

easily observed when evaluating areas that are more exposed

to extrinsic factors such as radiation and pollution.

Previous studies have shown that the Pro-Hyp and Hyp-Gly

dipeptides have advanced effects on dermal fibroblasts, stimu-

lating their metabolism, migration, and proliferation by producing

collagen fibers in the dermis.23,42,44 The clinical trial conducted

by Koizumi et al. (2017), in which the intervention was ingestion

of 3 g collagen peptides derived from tilapia fish scales (high

content of Hyp, Gly, and Pro) for 90 days, resulted in effective

reduction of periorbital wrinkles and improved skin moisture (hy-

dration) and elasticity in women.30 Additionally, the study by

Sugihara, Inoue, and Wang (2015) demonstrated that the inges-

tion of 2.5 g HC peptides, also derived from fish scales and

containing the Pro-Hyp and Hyp-Gly bioactive dipeptides,

improved hydration and elasticity, and smoothed facial skin

wrinkles in 4 weeks.45 The effects of the Pro-Hyp and Hyp-Gly

concentrations were measured in the study by Inoue, Sugihara,

and Wang (2016), which showed effectiveness in both groups;

however, the clinical improvement of the parameters was more

Figure 8 Forest plot of the sensitivity analysis based on the exclusion of the study by Genovese, Corbo, and Sibilla (2017) for cutaneous

elasticity: patients supplemented with hydrolyzed collagen (HC) vs. patients in the placebo group. The horizontal lines represent the effect

size � confidence interval (95% CI). The summary effect size is represented by the diamonds

Figure 9 Graph of risk of bias for each study according to the five domains defined by RoB-2
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quickly observed in the group supplemented with a higher con-

centration of dipeptides, reinforcing the presumption that the

composition directly affects the results.46

Collagen peptides have been shown to be effective in

improving the skin, regardless of origin (fish, pigs, cattle, or

chickens) but depending on peptide composition and concentra-

tion.

Some studies that administered type II HC mentioned effec-

tiveness in improving the structure of dermal collagen, with

reduction of wrinkles and elasticity, and obtained positive results

in subjective questionnaires. This shows that both type I and II

HC supplements can promote beneficial effects on the skin.

However, the structural modification of the dermal collagen can-

not be attested by the studies evaluated, considering that a lim-

ited number of studies performed biopsy analyses of skin

samples (n = 3). In the reported cases, based on the short

intervention time of the studies, the reduction of wrinkles and in

increasing elasticity may be associated with an increase in the

degree of skin hydration and not exactly the modification of the

collagen structure.

The study by Nomoto and Iizaka (2020), which included hos-

pitalized older and unhealthy adults, showed that the intake of

HC peptide supplement was beneficial and reduced skin vulner-

ability to traumatic injuries caused by procedures in bedridden

older patients.40 The effects of HC supplementation on skin

recovery after laser treatment were evaluated in the study by

Choi et al. (2014), and the main results showed an improved

healing process in supplemented patients.39

Most of the selected studies used commercial HC supple-

mentation in ready-to-consume preparations as the intervention

(Table 1). These commercial brands had different percentage

compositions, containing (in addition to collagen peptides) vita-

mins, minerals, antioxidants, coenzyme Q10, hyaluronic acid,

and chondroitin sulfate. In these studies, the positive outcomes

of supplementation were solely attributed to collagen and the

effect of the formulation vehicle was not comparatively
Figure 10 Graph of risk of bias at the study level

Figure 11 Funnel chart for publication bias
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evaluated. Thus, the beneficial effects achieved may have

occurred owing to the synergism of these substances with colla-

gen. Coenzyme Q10, for example, has an important antioxidant

function, neutralizing the damage caused by free radicals gen-

erated in the skin aging process,12 thus improving the signs of

aging. Other vitamins, such as vitamin C, and hyaluronic acid

participate in and stimulate collagen biosynthesis, respec-

tively.47 Nevertheless, studies using collagen in its isolated form

demonstrated its effectiveness.

None of the studies reported adverse effects related to the

dietary supplement. Furthermore, in the evaluated studies, the

use of HC in liquid and solid forms (capsules and powder sup-

plements available for solubilization) showed good patient

acceptability owing to easy swallowing and the safety of admin-

istration.

Limitations

The limitations of this study were related to the large hetero-

geneity of the studies, mainly because of the composition of the

supplementation, methods used to verify the results, and differ-

ent measurement units, making it difficult to compare them in

terms of both intervention and outcomes. Nevertheless, HC and

HC peptides are effective in reducing skin aging and are safe

for consumption, with benefits related to maintaining supple-

mentation. Another important and not detailed factor in all stud-

ies is related to the patients’ lifestyle habits. Patients with

healthy lifestyle habits such as a balanced diet and adequate

water intake could present more evident and faster results in

improving the appearance of the skin with collagen supplemen-

tation than patients with unhealthy lifestyle habits.

Conclusion

Based on the results of this study, HC supplements or collagen

peptides can delay and improve the signs of skin aging by

decreasing facial wrinkles and improving skin hydration and

elasticity, while the supplementation is maintained. The time

required to delay skin aging in most studies was 90 days, and

the result was maintained for 4 weeks after the end of supple-

ment administrations. Studies using supplements with higher

concentrations of Pro-Hyp and Hyp-Gly dipeptides showed visi-

ble improvements of the evaluated parameters after 4 weeks.

Supplement intake is effective and safe because no adverse

effects were reported in any of the analyzed studies. Further

studies are needed to evaluate the long-term use of HC pep-

tides, as the longest intervention among the studies lasted for

90 days, with 120 days of evaluation of the effects. Further

studies are needed to evaluate the effect of the vehicle and of

other substances co-administered with collagen, mainly vita-

mins and coenzyme Q10, which can act in association or syn-

ergistically with collagen to significantly improve the measured

effects.

Questions (answers provided after

references)

1 Is collagen the second most abundant structural protein in

connective tissues?

a Yes

b No

2 Is collagen usually supplemented as a protein structure?

a Yes

b No

3 One of the main expected effects, when supplementing with

collagen peptides, is the improvement in the appearance of

the skin.

a True

b False

4 Is all the hydrolyzed collagen supplemented converted into

the cutaneous extracellular matrix?

a Yes

b No

5 Can the presence of other components in the formulation of

collagen supplements, such as enzymatic cofactors

(CoQ10) and vitamins, hinder the comparative analysis

between results of clinical studies?

a Yes

b No

6 Do randomized clinical studies evaluating the effects of col-

lagen supplementation on the skin present homogeneity in

relation to the clinical parameters evaluated (for example,

skin roughness and hydration)?

a Yes

b No

7 After 2 weeks, is it possible to observe the significant effect

of hydrolyzed collagen supplementation on the skin?

a Yes

b No

8 Are clinical studies heterogeneous in terms of patient age?

a Yes

b No

9 Are hydrolyzed collagen supplements administered mainly in

solid forms?

a Yes

b No

10 Does collagen obtained from fish scales have promising

effects because of the presence of the peptides Pro-Hyp

and Hyp-Gly?

a Yes

b No
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