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Table S1: Search Strategy

MEDLINE (PubMed) search strategy is shown as follows:
Search Date:
Search number Details
#1 Add Search chocolate*[Title/Abstract]
#2 Add Search chocolates[MeSH Terms]
#3 Add Search cocoa[Title/Abstract]
#4 Add Search cocoa[MeSH Terms]
#5 Add Search cacao[Title/Abstract]
#6 Add Search cacaos[MeSH Terms]
#7 Add Search (#1 OR #2 OR #3 OR #4 OR #5 OR #6)
#8 Add Search "clinical study"[Publication Type]
#9 Add Search (#7 AND #8)
Cocoa Control Mean Difference Mean Difference
Study or Subgroup  Mean [micrometer] SD [micrometer] Total Mean [micrometer] SD[micrometer] Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Wiese 2019 449 0.6 6 4.1 [k} 18 100.0% 0.80[0.27,1.33]
Total {95% CI) 6 18 100.0% 0.80 [0.27,1.33] *
Heterogeneity: Mot applicable .=4 .=2 0 5 jl
Testfor overall effect: £=2.04 (P=0.003) Chocolate/Cocoa  Control

Figure S1. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of sebum droplet

size (micrometer).

Cocoa Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Yoon 2016 137 34 3142 43 31 100.0%  -0.580[F2.37,1.37]
Total (95% CI) Ky | 31 100.0%  -0.50[-2.37,1.37]
Heterogeneity. Mot applicahle - 1 - } T } }
Testfor overall effect: 2= 053 (F = 0.60) 2%hUCU|E.ItE!D.l'CUCGa DContr0I1 0 0

Figure S2. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of sebum droplet

size (micrometer).

Cocoa Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Yoon 2016 516 137 3 502 108 31 1000% 1.40[4.76, 7.56]
Total (95% CI) ) | 31 100.0% 1.40 [-4.76, 7.56]
Heterogeneity: Notappllcable '-1DD -:S'D ﬁ 5.D 1DD'
Testfor overall effect: Z= 0,45 (F = 0.66) Contral Chocolate/Cocoa

Figure S3. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of sebum droplet

size (micrometer).
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Cocoa Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean 35D Total Weight IV, Fixed, 95% CI IV, Fixed, 95% ClI
Yiese 2019 18 1.2 B 28 11 18 100.0% -1.00[2.09 0.08]
Total (95% CI) 6 18 100.0% -1.00[-2.09, 0.09]
Heterogeneity: Nat applicable _150 55 1 :=5 150
Test for overall effect Z=1.80(F =0.07) Chocalate/Cacoa  Control

Figure S4. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of corneocyte

damage (verage number of cross-linked damaged corneocyte clusters in stratum cornea under microscope x 1000).

Mean Difference

Cocoa Control Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Wiese 2019 B0 B9 B 72 1.3 18 1000% -12.00[-19.60, -4.400
Total (95% Cl) i} 18 100.0% -12.00 [-19.60, -4.40] "
Heterogeneity; Mot applicakle I f f |
Testfor overall effect Z=3.10 (F = 0.002) -oo Choég::'atemmucmml 50 1o

Figure S5. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of corneocyte

exfoliation rate.
Mean Difference

Cocoa Control Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Yoon 2016 na 01 kil 05 003 3 100.0% 0.00[-0.04, 0.04]
Total (95% CI) Ky | 31 100.0% 0.00 [-0.04, 0.04]
Heterogeneity: Nntappllcahle -D'_S -D_'25 ﬁ D_'ES DTS
Test for overall effect: Z=0.00 (F=1.00) Chocolate/Cocoa  Control

Figure S6. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of wrinkle severity

(Skin roughness measured using transparency profilometry).

Cocoa Control Mean Difference Mean Difference
Study or Subgroup Mean 5D Total Mean 5D Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Yoon 2016 0.5 01 3 0.8 01 31 1000% 000005 0.049]
Total (95% CI) 3 31 100.0% 0.00 [-0.05, 0.05]
Heterogeneity: Mot applicahle -D'.S -D.'25 ﬁ D.'ES D!S

Testfor overall effect: £=0.00 (F=1.00) Contral Chocolate/Cocoa

Figure S7. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of skin elasticity.

Cocoa Control Mean Difference Mean Difference
Study or Subgroup Mean 5D Total Mean SD Total Weight [V, Fixed, 95% Cl IV, Fixed, 95% CI
Cheng 2019 0y o1 67 07 01 134 1000% 0.00[-0.03,0.03]
Total (95% CI) 67 134 100.0% 0.00 [-0.03, 0.03]
Heterageneity: Mot applicahle N } N } T } }
Test for overall effect; £= 0,00 (P =1.00) Chocudlzatea'ggma DConth:JI 0.2

Figure S8. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of waist hip ratio.

Cocoa Control Mean Difference Mean Difference
Study or Subgroup Mean 5D Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Cresys 2008 107 222 45 1052 233 45 100.0% 1.80F7.6O,11.20]
Total (95% CI) 45 45 100.0% 1.80 [-7.60, 11.20]
Heterageneity: Mat applicable N T ) T 5

Testfor overall effect: Z=10.38 (P = 0.71) Favours [experimental] Favours [control]
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Figure S9. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of cognitive

function: Selective Reminding Test (Immediate free recall)

Mean Difference

Cocoa Control Mean Difference
IV, Fixed, 95% CI

Study or Subgroup Mean SD Total Mean 5D Total Weight IV, Fixed, 95% Cl
Crews 2008 9.1 301 45 478 34 45 100.0% 1.30[-11.41,14.01]

45 45 100.0% 1.30 [-11.41,14.01]

B 10 20
Favours [experimental] Favours [control]

Total (95% CI)
Heterogeneity: Mot applicable
Testfor averall effect: Z=0.20 (F = 0.84)

Figure S10. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of cognitive

function: Selective Reminding Test (Long-term storage)

Mean Difference

Cocoa Control Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Crewes 2008 159 103 45 166 11.8 45 100.0% -0.70[-5.28, 3.88]
Total (95% CI) 45 45 100.0% -0.70 [-5.28, 3.88]
ity i } ] 1 t }
Heterogeneity: Mot applicable a0 5 b : 10

Testfor overall effect Z=030 (P=0.76) Favours [experimental] Favours [control]

Figure S11. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of cognitive

function: Selective Reminding Test (Short-term recall)

Cocoa Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI| IV, Fixed, 95% CI
Crews 2008 411 3.4 45 BBE 344 45 100.0% 2.50[-11.13,16.13]

Total (95% CI) 45 45 100.0% 2.50 [-11.13,16.13]

Heterogeneity: Mot applicable
Testfor averall effect: Z=036 (F=072)

1 1 1 1
-20 -10 i 10 20
Favours [experimental] Favours [control]

Figure S12. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of cognitive

function: Selective Reminding Test (Long-term retrieval)

Mean Difference

Cocoa Control Mean Difference
IV, Fixed, 95% CI

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl
Crews 2008 708 36.2 45 B43 414 45 100.0% 6.50[9.57, 22.57]

Total (95% CI) a5 45 100.0% 6.50 [-9.57, 22.57] —-P-—
1 1

Heterogeneity: Mot applicable -2’0 -1=D ﬁ 1.D
Testfor overall effect: =078 (P = 0.43) Favours [experimental] Favours [control]

Figure S13. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of cognitive

function: Selective Reminding Test (Consistent long-term retrieval)
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Cocoa Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Crews 2008 203 131 45 242 152 45 100.0% -3.90 [9.76, 1.96] ——
Total {95% CI) 45 45 100.0% -3.90 [-9.76, 1.06] ——e——
. B 1 | Il |
Heterogeneity: Mot applicable —1'D '5 b é 1'D

Testfor overall effect =130 (P=019) Favours [experimental] Favours [control]

Figure S14. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of cognitive

function: Selective Reminding Test (Random long-term retrieval)

Cocoa Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Fixed, 95% Cl IV, Fixed, 95% Cl
Crews 2008 94 22 45 9.3 21 45 1000% 010[-0.79, 0.849]
Total {95% Cl) 45 45 100.0% 0.10[-0.79, 0.99]
Heterageneity: Mot applicable R o5 o 05 ]

Testfor overall effect Z=10.22 (P=0.33) Favours [experimental] Favours [control]

Figure S15. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of cognitive

function: Selective Reminding Test (Cued recall)

Mean Difference

Cocoa Control Mean Difference
Study or Subgroup  Mean SD Total Mean 5D Total Weight [V, Fixed, 95% Cl IV, Fixed, 95% CI
Cremvs 2008 38 34 45 88 32 45 100.0% 0.00[1.36,1.36]
Total (95% CI) 45 45 100.0% 0.00 [-1.36, 1.36]
Heterogeneity: Mot applicable 52 51 3 1| é
Testior overall effect 2= 0.00 (F = 1.00) Fawours [experimental] Favours [control]

Figure S16. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of cognitive

function: Selective Reminding Test (Delayed free recall)

Cocoa Control Mean Difference Mean Difference

Study or Subgroup Mean 5D Total Mean 5D Total Weight [V, Fixed, 95% Cl IV, Fixed, 95% CIl
118 0.7 45 1149 04 45 100.0% -010[F0.34,0.14]

Creves 2008

Total (95% CI) 45 45 100.0% -0.10 [-0.34, 0.14] -*—

Heterogeneity; Mot applicable } } T t |
T _ -0.5 -0.25 ] 0.25 0.5

Testforoverall effect: 7= 0.83 (F = 0.41) Favours [experimental] Fawours [control]

Figure S17. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of cognitive

function: Selective Reminding Test (Delayed recognition)

Mean Difference

Cocoa Control Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Crews 2008 W7 5 45 378 51 45 100.0% -1.10[3.19,099] ———

Total {95% CI) 45 45 100.0% -1.10 [-3.19, 0.99] —‘r—
1 1
T

Heterogeneity: Mot applicable I4 -2 ﬁ 1 i
Testfor overall effect £=1.03 (F = 0.30) Favours [experimental] Favours [control]
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Figure S18. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of cognitive
function: Wechsler Memory Scale-III (Faces I)

Mean Difference

Cocoa Control Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Crews 2008 3BE 41 45 392 4 45 100.0% -060[F2.27 1.07] —
Total (95% CI) 45 45 100.0% -0.60[-2.27,1.07] —*—
Heterogeneity: Mot applicahble o 5 o 3 1

Testforoverall effect Z=0.70 (F=10.48) Favours [experimental] Favours [control]
Figure S19. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of cognitive

function: Wechsler Memory Scale-III (Faces II)

Mean Difference

Cocoa Control Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Crews 2008 BEG 128 45 710 154 45 1000% -330[917, 257 ———
Total (95% CI) 45 45 100.0% -3.30 [9.17, 2.57] —e
ity i } t } }
Heterogeneity: Mot applicable 0 = b : 10

Testfor overall effect Z=1.10 (P=0.27) Favours [experimental] Favours [control]

Figure S20. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of cognitive

function: Wechsler Adult Intelligence Scale-III (Digit symbol)

Cocoa Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Crewes 2008 9.3 16.9 45 998 1645 45 100.0% -0.50 [-7.32, 6.37]

45 100.0% -0.50 [-7.32,6.32]
A0 -5 0 5 10
Favours [experimental] Favours [control]

Total {95% CI) a5

Heterogeneity: Mot applicahble
Testfor averall effect Z=0.14 (P = 0.89)

Figure S21. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of cognitive

function: Stroop Color-Word Test (Word)

Cocoa Control Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl
Crews 2008 BES 125 45 632 127 45 1000% -1.70[6.91,3.51]

Total (95% ClI) 45 45 100.0% -1.70 [-6.91, 3.51] —*—

Heterogeneity: Mot applicable 14 12 ﬁ 3 }
Testfor overall effect Z=064 (F=052)

Mean Difference
IV, Fixed, 95% Cl

Favours [experimental] Favours [control]

Figure S22. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of cognitive

function: Stroop Color-Word Test (Colour)
Cocoa Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Crews 2008 3582 42 45 35 107 45 100.0% 020[-3.92 437

45 45 100.0% 0.20 [-3.92,4.32]
1 1 1 1
420 2 4

Favours [experimentall Favours [control]

Total (95% CI)

Heterogeneity: Mot applicahle
Test for owerall effect: Z=0.10(F = 0.92)
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Figure S23. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of cognitive

function: Stroop Color-Word Test (Colour-Word)

Cocoa Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Crews 2008 17.2 37 45 164 34 43 1000% 0.80[-0.70,2.30] —
Total {95% Cl) 45 43 100.0% 0.80 [-0.70, 2.30] —p—
Heterogeneity: Mot applicable I4 I2 3 é i
Testfor overall effect Z=1.04 (F=10.30) Favours [experimental] Favours [control]

Figure S24. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of cognitive

function: Activation-Deactivation Adjective Check List, General Activation Subscale

Mean Difference

Cocoa Control Mean Difference
Study or Subgroup Mean 5D Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% ClI
Garcia-yu 2020 32 1.08 71312 0945 66 100.0% 0.08 [0.26, 0.42]
Total (95% CI) 7 66 100.0% 0.08 [-0.26, 0.42]
Heterogeneity: Mot applicable 54 52 3 é ji
Testfor overall effect: Z= 047 (F = 0.64) Favours control Favours cocoa

Figure S25. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of cognitive

function: working memory as measured using Digital Span Backward test.
Mean Difference

Cocoa Control Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% ClI
Garcia-Yu 2020 781 14 71772 1448 G6 100.0% 0.90[-3.495, 5.759]
Total {95% CI) 71 66 100.0% 0.90 [-3.95, 5.75]
Heterogeneity: Mot applicable _250 _150 7 150 250
Testfor averall effect Z=036 (F=072) Favours control Favours cocoa

Figure S26. Forest plot of comparison: Chocolate versus control did not show any significant difference in mean of quality of life:

EQ-VAS scale (0-100)



