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The present study was performed based on the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA) guide.A systematic
literature search was done by the Web of Science, The Cochrane Library,

Scopus, PubMed and, Embase databases until 5 February 2020. We
used medical subject heading (MeSHSs), abstract and keywor ds but the

language and date limitations were not used. A systematic search was
conducted using the following search terms (((“chromium”) AND (“Type
2 diabetes” OR T2DM OR diabetes OR*“gestational diabetes mellitus”

OR GDM*) AND ’glucose* OR ”insulin®“ OR ”glucose
tolerance® OR ”’insulin resistance* OR ”FBG* OR fasting blood
glucose* OR ”HbA1c* OR hemoglobin Alc* OR "HOMA -

IR*“ OR ”homeostatic model assessment* OR ”fasting blood

sugar“ OR ”FBS*))).Electronic database systematic searches were
completed along with reference lists and citation hand searches. The
research process was performed by two authors (BN and EE) individually
and in duplicate.Any disagreements in this regard were solved via
discussion with the third researcher (OA).

11
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2.2 57 /P~ /R%)

« Two investigators selected eligible articles partly by reading titles,abstracts
and whenever required the full-text of the publications. All human RCTs
(either parallel or cross-over designs) reported the effect of chromium
supplementation on glycemic control indices (fasting plasma glucose (FPG),
insulin, hemoglobin A1C (HbA1C) and homeostatic model assessment for
insulin resistance (HOM A-IR) were considered. The following studies were
excluded: (1) RCTswith treatment duration lessthan 2 weeks, (2) studies
without any comparing control group. To avoid overlapping, we selected
studies with larger participants. Disagreements regarding the study selection
process were solved by faceto-face discussion.

2.3, Hehdh B Aot ¥

» The following data were extracted from the full-text of included studies using
a pre-designed abstraction form: first author's specification,publication year,
location of the study, total sample size, type anddose of intervention and
placebo, study duration.

 |n cases of lack of relevant data, we contacted the corresponding author s
to receive their help.

Wit U NE MR
S PMI QBN IND




PRISMA

Identification

Sereening

Eligibility

Included

Records identified through database searching:

PubMed (369), Scopus {1135), 151 web of
science (633), Embase (493), The Cochrane
library (136)

(n =2766)

Duplicate Records Excluded :
(n =975) & i

Records screened by title/abstracts
(n=1791)

r

Full-text articles assessed
for eligibility
{n =35)

Did not reported glycemic
indices (n=12)

EE R R S

L 4

Studies included in
qualitative synthesis

(n=23)

A

Studies included in
quantitative svinthesis
{meta-analyvsis) -
(1=23)

Records excluded:
{n=1756)

Unrelated title and abstract (n=1271)
Animal studics {(n=263)
Review studies (n=222

3 4n M SR ATfod &
TR
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Tolie 1 50-10004% 7.
Characteristic of included studies in meta-anal ysis

Author Publication  Country Study Design  Population Sample  Tral Means Age Means BMI Intervention o~ Pk 1| Chmomium adverse Sample Size
VEATS {Sex) Duration effects _—
(Week) G G e} oG Treatment group  Chromium control 1G oG
dose (pg)
L Sherman{A]) 1968 Idand = . CTOSSOVEr oM T:7TM 16 2847 2847 NH MR Trivalent 150 Placebo Mo 7 7
{51 k& Chromiunm
L Sherman{B} 1968 Island CTOSSOVer o 3:aM 16 2847 2847 NRH NHR Trivalent 150 Placebo No 3 3
[51) Chromivm
AE Humt{32] 1985 Usa paraliel T2 3%ITM, 12 62 = * =25 =25 Chromium yeast 272 Placebo MNa 22 7
22F 16 16
AS Abraham(5Z) 19492 Tarasl parallel T20M and 25:M/F 12 636 636 NH NR chromium 250 Placebo Mo 13 2
DESD atheraseleratic +14  £14 chloride
dizease 3 3
RA Andemon [A)] 19497 China parallel T20M aleMF 17 557 555 25 + 248 chromium 200 Placebo Mo 53 50
133) ° W + g- +49.- 387 £ 3.- pidolate
29 x 87
RA Anderson (B} 1997 China parallel T2 6EMAE 17 546 555 24.8 248 chromium 1004 Placebo Mo 52 =1
133] + 10 +4.- *3.- £ 3- pidolate
B4 29 " &7
M Dimarto{ 34} 19498 Indonesia CTOSSOVET T2 2(: 13 4 Ha = 507 25 £ 251 chromium 500 Mo intervention MNa 1o i
Er R M, 7F 8.7 +66 18 +16 picolinate
SM Bahijiri(53) 2000 Sandi Arabia crossover T2DM TH: 30 B 3668 36468 3104 3L chromium 200 Placebo MNa 78 78
fe = ia M, 48F +8- +8- chloride
41 41
[ Ghoshi35) 2002 India CTOSSOVET T2DM 50 35 12 535 535 s 22 chromium 400 Placebo Mo 50 50
=4 fi M, 15F +10- =10 31 31 picolinate
g qa
M Vriowveo] 36] bt 1153 usA CTOESOVET T2 6EMAE 12 MR HR M9 309 chromium 1004 Placebo Mo 30 30
£36 £52 picolinate
N Kleafstra {A] 2006 Netherlands  parallel T2OM in obese 3114 25 6l £ + 35 + 34 = chromium 500 Placebo Ome patient 14 17
3 patient M, 17F 88 75 72 43 picolinate complained of
N Eleefstra (B) 2006 Netherlands  parallel T20M in obese 3215 a5 50 = 62 £ b 34 = chromium 1000 Placebo frequent watery 15 17
(31} g ﬁ patient M, I7F 6.4 7.5 4.2 43 picolinate stonk, weakness,

dizziness, nansea,
and headaches and

The
ather patient
developed complaints
af
vertign with nausea
and vomiting
I3 Peil37) 2006 Taiwan paraliel T2 Gk 33 16 H4.2 556 5.2 26.2 chromium 200 Placebo Na 30 30
M, I7F 7.1 %82 =41 =32 chlodde
J Racek(38) 2006 Denmark paralkel T2DM 3m9M, 12 60.8 [T 33.50 3516 chromium yeast 400 Placebo Nao 19 17
S 27F 75 =100 %56 £6-
.75 55
N Kleefstra (45) 2007 Metherlands  parallel T2DM 57 35 25 68+ 6O £ 30 = 30+  chromium yeast 400 Placebo (One patient in the 29 28
M, 22F 8.2 B6 549 54 intervention
group complained of
nausen, which
disappeared
when the medication
was
stopped
 ansumEER wied o e
SENMUAR AN NS




Table 1 {contnued)

HU-TUUURK >

Authar Publication  Country Study Design Population Sample  Trial Means Age Means BMI Intervention Chromium adverse Sample Size
years Sex) [uration effects _
Week) G oG |8 oG Treatment group Chromivm ocontrol G oG
4-953% dose (ug)
MH Lai(39) 2008 Taiwan parallel T2DM 2:9M, 25 53.2 505 257 258 chramium yesst 1000 Placebo No 10 10
11F =2 +19 =09 =08
WT Cefalu(46) 2010 usa parallel T2DM in 137: 76 24 58.7 56.1 30.8 315 chromium 1000 Placebo No 70
overweight or M, 61F + B.- =4 =4 - = 4.- picolinate
ohese patient 36 18 a1
S Eharma [47) 2011 India paraliel T2DM 40:MF 12 3567 35467 2B.09 2612 chromium yeast 378 Placebo No 20 20
+=8.- + 13-
58 84
E Erdl{40) 2011 Poland Cr{Esover T2DM 20 11 8 54.7 547 35.3 353 chromium yeast 500 Placebo three persons reported 20 20
M, 9F +94 =94 292 92 subjective side affacts,
P8 ﬁ such as skin rash
fone person],
decreasing appetite
fone personl, and
constipation {one
person}. These
adverse effects
disappeared within 7
days and
supplementation
followed on
SE Jain (A)41) 2012 usa paraliel T2DM Son, 12 5112 4864 3544 38=  chromium 400 Placeba Nao 25 5
41F +£10- =9.- =10- 855 picolinate
A5 a5 3
SE Jain (BN41) 2012 usa paraliel T2DM 4 10 12 4879 4864 3685 38=  Chromium 400 Placeba Nao 24 5
M, 39F + 8- +9- =10 B55 Dinicocysteinate
a1 a5 77
MM Guimaraes 2013 Brazil parallel T2DM in 26: 7T M, 12 50.75 5047 31.66 2999 Chromium 50 Placebo No 13 13
{AN42) e g overweight or 19F * 6.- +4- £4- £4.- HNicotinate
obese patient 48 21 72 72
MM Guimaraes 2013 Brazil paraliel T2DM in 2096, 12 5135 5047 331 2999 Chromium 200 Flacebo Mo 16 13
(B2 averweight or i +H- +4- +4- +4- Nicotinae
obese patient 48 21 72 72
YL Chen{43) 2013 Taiwan parallel T2DM A 43 16 53.3 542 28.2 268 chromium 400 Placebo Mo 38 8
M, 23f £ 10- +85 =42 +39 chlornde
1
& Kalbasif49) 013 Iran parallel T2DM ai:M/F NRE MNr MR MR chromium 200 Placebo No 30 30
o picolinate
N Parsaeyan (48] 2013 Imn parallel T20M lo0: 58 12 5315 527 M4 = 238 chrominm 400 Placeba Nao 50 50
M, 42f £11- =12 41 £ 32 picolinate
.4 5
AN Paiva(50) 2015 Brazil parallel T2DM 71: 25 16 55.4 514 322 3Lt chromim a00 Placebo No 39 32
M, 46F £91 =76 =73 =461 picolinate
A Farrokhian 2019 Imn parallel T2DM with ha 32 12 58+ 8 &9 30.4 2949 chromium 200 Placeba Na 32
[44] chronic heart M, 32F +77 %43 =38 picolnate
disease
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We had used Cochrane Collaboration'stools for quality evaluation of

studies. The tool separates ajudgment about the risk of bias from a
description of the support for that judgment, for a series of items covering
different domains of bias. Two investigators (BN and EE) partly
examined the methods and the quality of the eligible studies via
Cochrane Collaboration's tools, which includes seven domains:
1)random sequence generation; 2) allocation concealment; 3) blinding of

participants and personnel; 4) blinding of outcome assessment;

5)incompl ete outcome data; 6) selective reporting, and 7) other sources of

bias.
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Table 3 L ¢ Lowrisk ~H : Highrisk ~ U : Unclear risk of bias

Quality assessment

e s oo AN x‘i'; B | AR S ;i' % th g ;L 2 y{ F' - — F' - | f#r Y5l ;L (LB dp é_
Study Random sequence Allocation Selective Other sources  Blinding (participants and  Blinding (outcome anomplete outcome
generation concealment reporting of bias personnel) assessment) data
1®| L Sherman L H H H L U L
1@ AE Hunt L H H H L U L
1Ol AS Abraham L U H H U H L
2 RA Anderson H H H H L U L
®| M Dinarto H H H H H H L
1@ sM Bahijiri L H H H L H L
1O| D Ghosh H H H H L H L
|®| M Vrovee L H H H L U L
| @| N Kleefstra L U H H L U L
1®| DPei L U L H L H L
|'®| JRacek L ] H H L U L
@] N Kleefstra L L L H L U L
1@ MH Lai L U L L L U L
1@  WT Cefalu L U H H L H L
| @| S Sharma L L H H L H L
|@| EEKrdl L L L H L U L
|'®| SK Jain L L L L L H L
|@®| MM Guimaraes L L L H L H L
' @| YL Chen L H H H L H L
(@] S Kalbasi L u H H L 1] L
@ NPamsaeyan L u H H L U L
@] AN Paiva L L H H L U L
|®| AFarrokhian L L H 1 L U L
Y4 . g ~
. ,21‘  FAFP T HRMTE SRS R (RES BeORBE) 0
e (H B 'ﬁr“imj) 233 (SR E B )
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Table 2
Subgroup analyses of chromium supplementation on glycemic profile.

B VAR & NO WNMD (95%CI) P within group P heterogeneity r
Subgroup analyses of chromium supplementation on FPG level.
Overall effect 26 —19.00 (-36.15, -1.85) 0.030 < 0.001 99 8%
Trial duration (week)
=12 23 —58.74 (-59.62, -57.85) < (0.001 =< 0.001 99.6%
< 12 3 —1.78 (-2.94, -0.61) 0.003 0.001 86.3%
chromium Dose (ug)
=200 9 —26.45 (-28.05, -24.85) < (0.001 < 0.001 99.4%
= 200 17 —40.69 (-41.47, -39.90) < 0.001 < 0.001 99.8%
Subgroup analyses of chromium supplementation on insulin level.
Overall effect 18 —12.35 (-17.86, 6.83) = (0.001 =< 0.001 98.1%
Trial duration (week)
=12 16 —24.09 (-24.63, -23.56) < 0.001 < 0.001 98.3%
= 12 2 8.99 (-3.50, 21.49) 0.158 0.225 321%
chromium Dose (ug)
=200 5 — 22,94 (-23.56, -22.32) < 0.001 < 0.001 98.6%
= 200 13 —27.23 (-28.29, -26.17) < 0.001 < 0.001 97 .8%
Subgroup analyses of chromium supplementation on HbAILC.
Overall effect 22 —0.71 (-1.19, -0.23) 0.004 < 0.001 99_2%
Trial duration (week)
=12 21 —1.70 (-1.73, -1.66) = 0.001 = 0.001 99 2%
< 12 1 —0.25 (-0.94 0.44) 0.480 - -
chromium Dose (ug)
=200 5 —1.13 (-1.20, -1.06) = (.001 < 0,001 99.5%
= 200 17 —1.88 (-1.92, -1.84) < 0.001 < 0.001 99.0%
Subgroup analyses of chromium supplementation on HOMA-IR.
Overall effect 9 —1.53 (-2.35, -0.72) < 0.001 < 0.001 89.9%
Trial duration (week)
=12 8 —1.53 (-1.73, -1.34) = 0.001 < 0.001 90.8%
= 12 1 1.56 (-1.63, 4.75) 0.339 - -
chromium Dose (pg)
=200 4 —0.94 (-1.21, -0.66) < 0.001 < 0.001 89.2%
= 200 5 —2.16 (-2.44, -1.88) < 0.001 0.007 71.8%

I R R R R R R R EEEEEEEE—E—————————...,

{6 FISTATA, 11.21 (Stata Corp, College Station, TX).JEfF4rs+4347 » EP{E< 0.05
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Fig. 6. Funnel plot for the effect of chromium supplementation on fasting

Fig. 8. Funnel plot for the effect of chromium supplementation on hemoglobin
AlC.
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|Fig. 7. Funnel plot for the effect of chromium supplementation on insulin level.

Fig. 9. Funnel plot for the effect of chromium supplementation on homeostatic
model assessment for insulin resistance,
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Study Za
1 WMD (95% Cl) Weight
L Sherman (A} (1968) : —p— 140654, 934) o8
L. Sherman (B) (1968) —l— ~17.60 (-47.56, 12.36) 358
AE Hunt ( 1985) ——f— -B.00 (-30.66, 14.66) 375
AS Abraham ( 1992) ! ——— 14.05 (-8.62, 36.72) 375
RA Anderson (A0 (1997) :b 1659 (<1845, -14.73) 4.01
FA Anderson (133 (1997} 1 -57.66 (-59.52, -55 8O 4.01
M DNinaro (1998) —— -1.09 {-17.83, 15.65) 387
S Bahijiri (2000) + 2040 (-31.55, -11.25) 396
13 Ghosh (2002) --:-i-—- S16.21 (-25.18, -7.24) 397
M Vrtovec { 2005) : - 1.79¢-7.14, 10.72) 3.97
D Pei (2006) 1 100110 (-10558, -96.62)  4.00
J Racek (2006) —— -22.15 (-35.80, -8.50) 391
M Kleefstra (2007) —— 3.60 (-15.27, 22.47) 3.83
WH Lai (2008) - -24 B6 (-31.75, -1797) 300
WT Celalu (2010} —— =21.62 (-32.34, ~-10.90) 395
S Sharma (201 1) T —————— i TR 0T (-140.96, -87.26) 3.65
E Ke71 (2011) . -1.52 (-2.70, -0.34) 4.01
SK Jain (A)(2012) T —— 14,80 {-1,01, 30.61) ER-E
SK Jain (B) (2012) | —t— 3B00-12.23, 19.83) 388
MM Guimaraes (A3 (2013) - + 1567 (-26.77, 5811} 323
MM Guimaraes (By (2013) i -+ 2505 (-15.04, 65.14) 329
YL Chen (201 3) — 2,90 (-19.60, 13.80) 387
S Kalbasi (2013} —— -15.27 (-25.62, -4.92) 3.96
M Parsacvam (2013} - -B9.53 (<9091, -85, 15) 4.00
AN Paiva (2015) et 17,00 (-40.25, 6.25) 374
A Farrokhian (2019) —— =12,00 (-20.64, -3.36) 397
Cneerall (1-squared = 99 8% p = 0 .000) -‘..'.:1'_',:- 1901 (-36.16, -1.85) 100.00
||

NOTE: Weighis are from r:.mzih:mm cffects analysis : ;

-141 1] 141

Fig. 2. Forest plot detailing weighted mean difference and 95% confidence
intervals (Cls) for the effect of chromium supplementation on fasting plasma
glucose.
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HES & &

Study Y
D WMD (95% C1) Weight
AE Hunt (1985) -i——-— 15.52 (~17.52, 48.56) 2.11
RA Anderson (A) (1997) . 2387 (-24.80,-2294)  8.60
EA Anderson (B) (1997) » : =32.79(-33.906, =31.062) 8.59
M Dinarto ( 1998) 5 e 7.29 (-5.51, 20.09) 5.89
D Ghosh (2002) < - : -118.50 (-168.41. -68.59) 1.07
M Vriovee (2005) —— -13.89 (-27.16, -0.62) 5.75
N Kleefsira (A) (2006) E - 3.00 (-1.41, 7.41) 8.17
N Kleefstra (B) (2006) i 1.20 (-2.61, 5.01) 8.28
D Pei (2006) * i -24.99(-25.89, 24.09)  8.60
J Racek (2006) ——— -6.60 (-31.00, 17.80) 3.21
MH Lai (2008) - 1718 (-24.56. -9.80) 7.47

i
EKr(2011) - * 4410 (-13.94. 102.14) L8
SK Jain (A (2012) : -63.89 (-118.28. -9.50) 0.92
SK Jain (B} (2012) - i 8472 (-135.43, 3401 L4

i

1

i

1

1

-

MM Guimarees (A) (2013) - =251 (-6.60, 1.58) 8.23

MM Guimaraes () (2013) T 0.06 (-3.95,4.07T) 8.24

YL Chen (2013) —':— =15.98 (=33.03, 1.07) 4,73

A Farrokhian (2019) ot “9.73 (-13.44, -6.02) 8.30

Overall (1-squared = 98.1%, p = 0.000) Q 1235 (-17.87, -6.83) 100.00
[

MOTE: Weights are from random effects analy sis !

1 I
-168 0 163

Fig. 3. Forest plot detailing weighted mean difference and 95% confidence
intervals (Cls) for the effect of chromium supplementation on insulin level.
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et S
LS
_E
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Study Ya
1 WM (95% CI) Weight
AL Hunt { 1985) : 0.40 («0.93, 1.73) 3.55
RA Anderson (A) (1997) - : =230 (=241, -2.19) 4.84
RA Anderson (B) (1997) =+ : =3.90 (-4.04, -3.76) 483
D Ghosh (2002) -—'-?--'-'- SDLTF0(-1.13, -0.27)  4.68
M Vrtovec (2005) :—.— -0.30 (-0.66, 0.06) 473
N Kleefstra (A) (2006) — -0.20 (-0.77, 0.37)  4.55
N Kleelstra (B) (2006) : —— 0.00 (-0.56. 0.56) 4.56
D Pei (2000) : - L3 (040, A2y 484
J Racek (2006) — -0.20 (-0.68, 0.28)  4.63
M Kleefstra (2007) : T 0.25 (-0.04. 0.54) 4.77
MH Lai (2008) —eee -0.80 (-1.03, -0.57)  4.80
W Cefalu (2010) —_ -85 (-1.35, -0.35) 4.61
S Sharma (201 1) —— ' <206 (-2.36, -1.76) 4.76
E Kre21 {2011) +‘__ 0,25 (-0.94, 0.44) 441
SK Jain (A)(2012) : — =010 (-01.55, 0.35) 4.66
SK Jain (B)(2012) E—""-" 0,20 (-0.70, 0.30) 4.61
MM Guimaraes (A) (2013) J + 0.35 (-0.89, 1.59) 3.68
MM Guimaraes (13) (2013) : —_— 051 (-0.48, 1.50) 4.03
Y1 Chen (2013) """:"'" =070 (=1.01, -0.39) 4.76
S Kalbasi (2013) ':l'- <062 (<0.80. -0.44) 4.82
M Parsaeyan (20013) * : -1.92({-1.96, -1.88) 4.B5
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Fig. 4. Forest plot detailing weighted mean difference and 95% confidence
intervals (Cls) for the effect of chromium supplementation on hemoglobin A1C.
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Fig. 5. Forest plot detailing weighted mean difference and 95% confidence
intervals (Cls) for the effect of chromium supplementation on homeostatic

model assessment for insulin resistance.
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