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95% A7l ¥ 0.662~0.9999th Q 2 23.264(p<0.001), Higgin's £ FH2 92.2172 Z+2H] ALz} o] &
go] Aok FRIF At & FHXE BAT TEF0] 0.6542 FYsHA vEhy S §lgich ol 4=
997 @5A4do] 247 0.801, 0.948% & AFA7|oH, IF5 LDL-EAHES 13718 W¢ & ax=7|d0
7k A& EAHAST/GOT)2 0.768, TH3 ZF A& SAHALT/GPT)2 0.7882 2+ &3t37] 9ot A7 5~857}
1.170, A¥%F 1~50 mg/kgol 1.0200.2 wj$ & &737|9ch Folldd7|Ee E5XAY & 9 AHE0] 44
0.991, 0.9512 & "AHI7|Yc}t. AP717H2 9F oj4fo] 1.10322 wj¢ & A3 ged, A4FFS 5001 mg/ke
ol4o] 0.855% & A#HI7|E EJrh

Abstract This study analyzed the physiological effects of silkworms and silkworm pupae on the reduction
of serum lipid levels. Research data specific to silkworms and their pupae published over the last 10
years were collected and analyzed. A large effect size of 0.852 was observed in the overall results and
the range of 95% confidence intervals was 0.662 to 0.999. The Q value was 23.264, the Higgin's 7 value
was 92.217, indicating that each study was heterogeneous. There was no publication bias, as the
corrected observed number of statistically significant effect sizes and the expected number of statistically
significant effect sizes were both 0.654. The silkworm study showed a large effect size with respect to
blood sugar and blood lipid reduction at 0.801 and 0.948, respectively, and LDL-cholesterol reduction
at 1.371, showing a very large effect size. Aspartate transaminase / glutamic oxaloacetic transaminase
(AST/GOT) was 0.768, alanine transaminase /glutamate-pyruvate transaminase (ALT/GPT) was 0.788,
which was a medium effect size. The experiment period had a very large effect size of 1.170 for five
to eight weeks and 1.020 for an intake of 1 to 50 mg/kg. The silkworm pupae had a large effect size
of 0.991 and 0.951, respectively on blood lipids and total cholesterol reduction. The experimental period
showed a very large effect size at 1.103 for more than nine weeks, and the intake showed a large effect
size at 0.855 for 5001 mg/kg.
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Fig. 1. Prisma flow diagram

Table 1. Characteristics and variable of study

Author Publication Edible insect | Week | . Amount of Variable
year intake (mg/kg)
Kunz RI et al 2019 silkworm 10 1000 Blood glucose, triglyceride, total cholesterol, AST/GOT, AL
T/GPT
Zhao JG er al 2019 silkworm 7 150, 250, 350 Blood glucose, triglyceride, total cholesterol, HDL-choleste
rol, LDL-cholesterol
. Triglyceride, total cholesterol, HDL-cholesterol, LDL-chole
Nam YR er al 2018 silkworm 12 1, 5, 10 sterol. AST/GOT. ALT/GPT
Ampawong S er al. 2017 silkworm 6 1000 Blood glucose, triglyceride, total cholesterol, ALT/GPT
Heo HS et al 2013 silkworm 13 500, 1000, 2000 ?l/oGopdTglucose, triglyceride, total cholesterol, AST/GOT, AL
Lee SH et al 2012 silkworm 8 300, 1000, 3000 | Blood glucose, triglyceride, total cholesterol
i Blood glucose, triglyceride, total cholesterol, HDL-choleste
Nam YR 2012 silkworm 6 16,5 rol, LDL-cholesterol, AST/GOT, ALT/GPT
Xue R er al 2012 sillworm 1 2.8 17 Blood glucose, triglyceride, total cholesterol, AST/GOT, AL
T/GPT
. Triglyceride, total cholesterol, HDL-cholesterol, LDL-chole
Park RY 2011 silkworm 12 1, 5, 10 sterol, AST/GOT, ALT/GPT
Kim HS et al 2010 silkworm 5 100000 Triglyceride, total cholesterol, HDL-cholesterol,
LDL-cholesterol
Jung EY er al 2010 silkworm 4 100, 200 Blood glucose, triglyceride, total cholesterol, HDL-choleste
rol, LDL-cholesterol
. Triglyceride, total cholesterol, HDL-cholesterol, LDL-chole
Eom KE 2010 silkworm 4 5 sterol. AST/GOT. ALT/GPT
Yoo JS, Seok HB 2009 silkworm 4 50, 100, 200 | Triglyceride, HDL-cholesterol, LDL-cholesterol
. 5 . 6060, 12120, |Blood glucose, triglyceride, total cholesterol, HDL-choleste
Rahimnejad S et al 2019 silkworm pupae 8 18170, 24230 | rol. LDL-cholesterol
Zou Y et al 2017 silkworm pupae 5 124 'S'ireiigtl)slfceride, total cholesterol, HDL-cholesterol, LDL-chole
Kim HB 2014 silkworm pupae 8 200000 AST/GOT, ALT/GPT
Ryu SP 2014 silkworm pupae 5 200000 Triglyceride, total cholesterol, HDL-cholesterol
Yu W er al 2013 silkworm pupae 4 4 20 'S'ireiigtl)slfceride, total cholesterol, HDL-cholesterol, LDL-chole
Lee SH et al. 2012 silkworm pupae 8 300, 1000, 3000 | Blood glucose, triglyceride, total cholesterol
Longvah T et al 2012 silkworm pupae | 6,12,18 10000 Triglyceride, total cholesterol, HDL-cholesterol
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Table 2. Total effect size of silkworm, silkworm pupae

2%@
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FE
92.217
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Kl)
20

Q4)
23.264

95% CI?
0.662~0.999

p-value
p<0.001

U K: Number of study, YES : Effect »size(point estimate), > CI:
Confidence interval, ¥ Q: Q statistics, o P Higgin's 7 statistics, ©
SE: Standard error.
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Seollo} rofe7le] B w1 Aol thet HehLA
Study name Statistics for each study Hedges's g and 95% ClI
Standard Lower Upper Relative
Hedges’'s g error Variance limit limit Z-Valuep-Value weight
Ampawong S 2017 1.868 0.234 0055 1.409 2327 7.972 0.000 - 416
Heo HS 2013 0.448 0.081 0.007 0.288 0607 5.508 0.000 [ ] 571
Jung EY 2010 0.618 0.135 0013 0.354 0882 4594 0000 E ] 5.25
Kim 2010 1.056 0.262 0069 0.543 1569 4.034 0.000 —— 3.86
Kim HB 2016 0.968 0274 0075 0431 1505 3533 0000 i 374
Kunz RI 2018 0.447 0.086 0.007 0.2786 0615 5193 0.000 | ] 5.68
LEE SH 2012 0.945 0113 0.013 0.724 1165 8.395 0.000 = 5.46
Longvah T 2012 0.760 0.083 0007 0.596 0923 9.109 0.000 | 1 570
Nam 2012 0.790 0.095 0009 0604 0976 §.328 0.000 = 561
Nam 2018 1.659 0137 0.019 1.380 1928 12.098 0.000 E 2 522
Park 2011 1.623 0137 0.019 1.355 1.891 11.881 0.000 L 523
Rahimnejad 2019 0.560 0.062 0004 0439 0681 9.048 0.000 [ | 5.84
RYU SP 2014 0.749 0.106 0011 0541 0956 7.072 0.000 [ ] 5.52
Um 2010 0.965 0.108 0012 0754 1177 8949 0.000 = 5.50
Xue R 2012 0.284 0.059 0.004 0.168 0401 4787 0.000 | ] 585
Yoo JS 2009 0.401 0.095 0.009 0.214 0587 4217 0.000 = 561
Yu'Ww 2013 1137 0.151 0023 0842 1433 7.537 0.000 - 5.08
Zhao 2019 0.639 0.123 0015 0.397 0881 5179 0.000 L 5.36
Zou 2016 0.421 0.091 0.008 0.242 0600 4620 0.000 = 564
.
-4.00 -2.00 0.00 2.00 4.00
Favours A Favours B

Meta Analysis

Fig. 2. Forest plot of meta-analysis of silkworm, silkworm pupae studies
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Table 3. Duval and Tweedie’s trim and fill test results

oD

Studies Point L 95% C[IJ Qz)

trimmed | estimate ower pper

limit limit

Observed | 0654 | 0609 | 0698 | 231264
values
Adjusted | 0654 | 0609 | 0698 | 231264
values

U CI: Confidence interval, ? Q: Q statistics.
2.4 S50 1ol SRl ME

Fofl 9] AL Etblood glucose), %
A A(triglyceride), & Zd AHE(total cholesterol),
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Table 4. The effect size of silkworm by intervention

Intervention K" s 95% CI” Q4) p-value £ SE?
Blood glucose 24 0.801 0.013~0.511 83.232 p<0.001 72.366 0.116
Triglyceride 37 0.948 0.704~1.192 104.923 p<0.001 65.689 0.124
Total cholesterol 80 0.915 0.749~1.082 229.172 p<0.001 65.528 0.085
HDL-cholesterol 28 0.581 0.369~0.792 52.615 p<0.001 48.684 0.108
LDL-cholesterol 25 1371 1.019~1.722 74.356 p<0.001 67.723 0.179
AST”?/GOT® 16 0.763 0.410~1.136 32219 p<0.001 62.755 0.185
ALT?/GPT'® 21 0.788 0.510~1.065 45.734 <0.001 56.269 0.142

U K: Number of study, 2
Standard error, ” AST: Aspartate aminotransferase, ®
GPT: Glutamic pyruvate transaminase.

EAATH= Table 400 A vlet 2} SR &
ol w2 343714 A £ g@3o] 2470, @FAA
o] 377, & E¥~HEo] 807H, HDL-F&AH|E0] 28
7, LDL-Z¥ A8 E0] 2570, 7 AlZ &4(AST/GOT)
o] 167} 1811, T3 7k A& SAHALT/GPT)O] 217K
2 BEREglen, 533719 & Al &= 18075t
aarle oSy gk @9y @R 4
0.801, 09488 & AW/t & SH2HEL
0915% Z #AII/|HoH, 1= HDL—i’Lﬂ]/\Eﬂi"—
0.581% %7t a79715 HQl vhd, IDL-Z2Y2HES
13712 wW$ & AR371E Bk F A= f_JJ
(AST/GOT)< 0.768, T+ 7t M=E £AHALT/GPT)
0.788=% F7t &33 7|t} SAHRI w2 o] A
9] AFT7)E 95% A=A 02 EJHA] oot &
AXoR Fo5tqnt. wWatA Follg dFoHd 89, &

349 2 § FN2H8Y $48 Rrbd 2 awt
9ovl, 1% LDL-BAAHEY $4§ Bt vy
2 W} e 2E T 5 AU

2.5 0 ool Mgl JiI M2 EF)|

ol Aol ¥ 7k 1~45, 5~8%F, 9~127,
35 o9l 47H] WfIE ERstglo, Avtarlel o
o& w4 A= Table 50 AR viek 2ot A9 77

Table 5. The effect size of silkworm by week

ES: Effect size(point estimate), 3 CI: Confidence interval, ¥ Q: Q statistics, 5
GOT: Glutamic oxalacetic transaminase, * ALT: Alanine aminotransferase,

P: Higgin's 7 statistics, ® SE:
10)

o] W2 J&IT7]9 Al S
A, 9~12%F 5874, 135 o2 15712 &
AA A 4= & 180719t
aRI7E TR 2k 1~45FE 0.6549] %7} kA
H}37], 5~8FL 1.1709] W& Z 5}H7], 9~12F =
091508 Z ga3/1E BRact 1Y 135 ]/Kcl",]
A9 04579 B2t AxtA71901 Q Fhol 16.7369] w
2 FA90H, p o] 0.18ch 37 yeht BAZ o=
FofetA g1, AlFAEE Qiglch wEbA ofe] o]
02 gl AnE =&Y 4 Qe APATY B

T 1~45 4970, 5~8%F 58
ERE e,

A0 Gol4o] Qi AT AY TKEE 5~859]
Ae WY 4 Ut
2.6 =0 MEo| M2 Aol 52T

trollo] AHATE Al whet 1~50 me/ke, 51

~500 mg/kg, 501~1000 mg/kg, 1001 mg/kg o1
9] 47k1] MR EHstoH, auta7]o gt 24 2
= Table 6] xﬂ Algt vtel ek, dF 7ol w2 J3t
3719 Akl &= 1~50 mg/kge 10570, 51~500
mg/kge 367H, 501~1ooo mg/kgt- 2671, 1001
mg/kg o2 13712 EF=I9 A A = F
1807H % ct.

A7) oSt 2t} 1~50 mg/kge 1.0209] Hf

B

Weeks K" S 95% CI Q4) p-value 22 SE?
1~4 49 0.654 0.448~0.819 139.418 p<0.001 65.571 0.654
5~8 58 1.170 0.950~1.390 159.800 p<0.001 64.330 0.112

9~12 58 0.990 0.792~1.189 171.146 p<0.001 66.695 0.101

Over 13 15 0.457 0.282~0.631 16.736 p0.1 - 0.089

U K: Number of study, ? ES. Effect size(point estimate), 9 CI: Confidence interval, ¥ Q: Q statistics, Rl Higgin's P statistics, © SE:

Standard error.
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Table 6. The effect size of silkworm by amount of intake

Amotinmtg(/)ligi)ntake K" s 95% CI? Q4) p-value 2o SE®
1~50 105 1.020 0.867~1.173 362.586 p<0.001 71.317 0.078
51~500 36 0.584 0.462~0.706 45.225 p<0.1 22.609 0.062
501~1000 26 0.788 0.552~1.024 67.929 p<0.001 63.197 0.120
Over 1001 13 1.005 0.511~1.499 48.746 p<0.001 75.383 0.252

Y K: Number of study, 2 ES Effect size(point estimate), ¥ CI: Confidence interval, ¥ Q: Q statistics, R

Standard error.

& = gaa97], 51~500 mg/kgS 0.584, 501~1000
mg/kg 0.7882 F7F a3177], 1001 mg/kg OA
1.0052 - & &I 7|Hck E3L 95% A= o)A
= EFoRA] Yot BAAHCE {osiyitt. 1001
mg/kg oS A 4% B3|/} WS- Aok 5t
FET, 1~50 mg/kgS AHS A¥ v|wE ofH &7t
3719 AH =7t 9270 At &, FollE 1~50 mg/kg,
1001 mg/kg ol AHT AHT7|9 HEAE H]
wsPd, 22+ 0.078, 0.2522 1001 mg/kg oA E&
QA7 A7) fito] A=Ert AR Hrt o4t
ATt FolE AdFote] & 2HE E 5 A= AT 1
~50 mg/kg?l AL & 4 AU

=

2.7 FOHOZ| A SHHRIN e 37|

o7 el AR Eblood glucose), B
ZAA(triglyceride), & Zd@|2HZ={total cholesterol),
HDL-Z¥AEE(HDL-cholesterol), LDL-ZHAHE
(LDL-cholestero)2 EH3191, axtg7]o] djst &
AZA3}= Table 79 A vt 2t SARIY FF7
o 2 573719 ’\}Eﬂ TE ‘ﬂrgﬂ' 2t} g2 774,
AL 217N, & S9AHES 2171, HDL-Z8&
Eﬂ%(HDL—cholesterol)— LDL-ZY2HE
(LDL-cholesterol)2 10712 &&= 9loH, AA AH
= F 7709

1871,

F: Higgin's 7 statistics, 9 SE:

AR oI Aok @9 11512 e 2 &
715 BYo Q Fol 487302 vje- WL, p glo]

0.1Ect 3m, Va Zro] E&E)R] 9ol EAA O Z 994

o] ISt A F SFHAHES 44 0991,
09512 & an=7|E =Yt HDL-SIAHET
LDL-Zd 2822 72} 0.739, 0.588% &7+ a1137]

or, 95% AFF7IA 02 EFeHA| ghot FAHL.
2 folslgich. meb rols)E gHsh 854
& gdadEe) £X% B3bd 2wt Aok A

& % sk

o
=
KN

=2

2.8 F0HH|7| Aol A-V)ZI0f M2 S|

wolutdl] A7) EIRS 1~4F, 5~8%, 9F
ool 37HAR BRI om, Lkl e 24
34 Table 89 AN Biet 2ok ¥/ BE &
B3719] A S 1~4F= 127, 5~8F= 57 A, 9
F oS 12702 BREom, AA A Sk F 81
Agict

a9T7)1E 3T 2ok 1~45= 113302 2 &
I=37] 9o, Q Fo] 26.643°0F 427} ¥, pito]
0.1%ct A8, 7 gro] Z&EA] oot BAH O R {4y
AUtk 5~8F& 0.6852 F7F AR, 9F ol
2 1.103°0% wll$- & FHA7H o, 95% Al=)71to]
A 0& EFoHA] ghot BAF R FOIstglet. rolHe]

o]

Table 7. The effect size of silkworm pupae by intervention

Intervention K" ESY 95% CI? Q4) p-value £ SE?
Blood glucose 7 1.151 0.971~1.325 4.873 0.1 - 0.162
Triglyceride 21 0.991 0.670~1.312 80.806 p<0.001 75.249 0.164
Total cholesterol 21 0.951 0.654~1.248 74.574 p<0.001 73.181 0.152
HDL-cholesterol 18 0.739 0.483~0.995 43.264 p£0.001 60.706 0.130
LDL-cholesterol 10 0.588 0.379~0.925 15.582 p<0.1 42.240 0.101

U K: Number of study, ? ES. Effect size(point estimate), 9 CI: Confidence interval, ¥ Q: Q statistics, Rl Higgin's P statistics, © SE:

Standard error.
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Table 8. The effect size of silkworm pupae by week

Weeks K" s 95% CI” Q‘“ p-value £ SE?
1~4 12 1.033 0.836~1.321 26.634 p0.1 - 0.152
5~8 57 0.685 0.556~0.813 129.233 p<0.001 56.668 0.065

Over 9 12 1.103 1.059~1.441 61.391 p<0.001 82.082 0.123

U K: Number of study, ? ES. Effect size(point estimate), 9 CI: Confidence interval, ¥ Q: Q statistics, Rl Higgin's P statistics, © SE:

Standard error.

AHoz qolel G AU 4B 717 9F o}

2.9 S0IHH|17] G0 mE Aol SutF7|

o) 7]9] el wHt 1~50 mg/kg, 1000~
5000 mg/kg, 5001 mg/kg o149 3714 HYE &
st9om, a¥ta7]of tist £4 2= Table 99 AlA|
Sh v} Zh oY 7] 9] AdFFel e &3t=7]9
AR = 1~50 mg/kg®= 2770, 1000~5000 mg/kg

+= 1170, 5001 mg/kg o1& 43702 EF= 9o, A
A A 4= F 81719k

ada7)e oy 2tk 1~50 mg/kgS 0.801,
1000~5000 mg/kg2 0.909, 5001 mg/kg °AFL
0.855% W% & 33718 Bttt 13 FolHrE
1000~5000 mg/kg AT AP @ 71 2 53137]

B, o A3ZY] Holl vl &3t Al 47t

x_-m, Q = 20.0512 &2 #olH, P ZH: 41.498%
o] & go] BA Yeht Alg|4do] BolAl= A3E Bt
vk, 5001 mg/kg oS AT B Q ol
183.509, F ke 77.11308 AlgAo] &gkch rol#
71 dFst AE £ 4 Qe A AFHF2 5001
mg/kg oA Aoz woETh

3. 82
B ATE 2EAE0 494 B8NS kol ¥
10¥7H2009¢ ~2019%) L3E Fofjet o7

LFLJ

A AR E FAste] PAE Fof vl
293715 B4 F 2089 AFE] gt AA|
A7Aute] A7) 0.8528 1 &axar)7t 34 v
Ehgdth Q e 23.264(p<0.001), Higgin's F
92.2172 Z4zte] A7t oldAdo] Qltka FRI=| it
A &P FHAE BT BSFo] 0.654=2 5L
A UERt EdhEFe 9Igith

oo H9= LDL-SHAHE(1.371)0] Wi & &
#37], E0.801)7 BFAH(0.948)> & ATV,
AST/GOT(0.768)2} ALT/GPT(0.788)% %%t &1t=7]
ot A7 5~8F7F 1.170, AFFE 1~50
mg/kgol 1.0202.2 wj$ & g3t37]¢c}. FoHb)7]
9] A9E FXNAY F ZH2HEol 4 0991,
09512 & a337|t}. AF7|IZ2 95 ol4H(1.103)
o] wie & &EMIY], HHFS 5001 mg/kg oMY
(0.855)°] & &3=7|9tt. ol#fgt A3t o= LDL-F
H2EE, E5Xd 9 Y HAo] anEolglSS &
$ 909l on, ody|7|E EFAAT F ZY2EHE A

=
ol HiYEIT Aok YO F45h
o A el gt W, 230l et Begto
2 A% 2vjge] $4He Lol BA=

Table 9. The effect size of silkworm pupae by amount of intake

Amou(qu;g;)]igi)ntake K" I 95% CI Q4) p-value 22 SE?
1~50 27 0.801 0.637~0.965 44.443 0.1 47510 0.084
1000~5000 11 0.909 0.691~1.128 20.051 0.1 41.498 0.111
Over 5001 43 0.855 0.658~1.052 183.509 p<0.001 77113 0.101

U K: Number of study, ? ES. Effect size(point estimate), 9 CI: Confidence interval, ¥ Q: Q statistics, Rl Higgin's P statistics, © SE:

Standard error.
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