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1 | INTRODUCTION

Obesity and overweight, are associated with several comorbidities
and metabolic abnormalities; dyslipidaemia, insulin resistance and

hypertension, and as such are well-established risk factors for chronic

Summary

The role of chromium as a weight loss agent remains questionable, and although pre-
vious meta-analyses findings have reported small reductions in body weight in indi-
viduals with overweight/obesity following chromium supplementation, there have
been significant limitations with these findings. The objective of this meta-analysis
was to evaluate the current evidence for the efficacy of oral chromium supplementa-
tion in individuals with overweight/obesity from randomized controlled trials. Studies
were identified by a search of electronic databases from inception to November
2018 and combined and stratified analyses were used. Twenty-one trials from
19 studies were identified which met all inclusion criteria which were suitable for sta-
tistical pooling, and data from 1316 participants were included. Pooled analysis
showed significant reductions in anthropometric indices associated with body com-
position; for weight loss (weighted mean difference [WMD]: —0.75 kg, 95% confi-
dence interval [Cl], —1.04, —0.45, P < 0.001), body mass index (WMD: —0.40, 95% Cl,
—0.66, —0.13, P = 0.003 and body fat percentage (WMD: —0.68%, 95% Cl, —1.32,
—0.03, P = 0.04) in individuals with overweight/obesity. No changes were detected
in controls. Subgroup analysis showed significant improvements in weight loss and
body fat percentage, particularly for study durations <12 weeks and doses
<400 pg/d. Chromium supplementation was associated with some improvements in
body composition in subjects with obesity/overweight. The effect size was medium
and the clinical relevance of chromium as a weight loss aid remains uncertain. Further
investigation from larger and well-designed randomized controlled studies, especially

in patients with diabetes, is warranted.
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diseases including type-2 diabetes mellitus (T2DM) and cardiovascular
disease (CVD).>?

Therapeutic approaches include dietary management, however;
poor compliance with conventional weight management programmes

highlight the need for further safe and efficacious treatments.®
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Chromium (1) or trivalent chromium, is a trace element widely distrib-
uted in the human diet, and food sources including meat, nuts, cereal
grains, molasses, and brewer's yeast provide an especially abundant
source. It is estimated that around 1% to 2% of ingested chromium is
absorbed from the diet, and current dietary recommendations suggest
a daily intake range between 25 and 45 pg/d for adults.*

The exact mechanism of chromium is not well understood, how-
ever, it is believed to be associated with carbohydrate and lipid
metabolism, where it may be important in promoting the action of
insulin in the control of blood glucose.® Chromium is widely marketed
as an aid to weight loss because of its potential ability to regulate eat-
ing behaviour and food cravings, suppress appetite, stimulate thermo-
genesis, enhance resting energy expenditure and improve insulin
sensitivity.6®

However, the role of chromium as a weight loss aid remains ques-
tionable, and although evidence from previous meta-analyses of RCT's
have reported small reductions in body weight in individuals with
overweight and obesity following chromium supplementation, there
have been significant limitations with these findings.”*° Therefore,
the purpose of the present study was to investigate and update the
efficacy of chromium supplementation on anthropometric indices
related to body composition in individuals with obesity, overweight

and diabetes including data from recent RCT's.

2 | MATERIALS AND METHODS

2.1 | Search strategy and selection

Systematic literature searches were conducted using the data sources
PubMed, The Cochrane Library, Web of Knowledge and Scopus, from
its inception until November 2018. Bibliographies from located arti-
cles were also searched for additional studies. The search terms
included the following combinations of keywords: (chromium OR
“chromium picolinate” OR “chromium nicotinate”) AND (overweight
OR “body-mass index” OR weight OR BMI OR “body fat percentage”
OR “waist circumference” OR diabetes OR T2DM). Our search was
limited to studies published in English or Persian, and only randomized
placebo-controlled trials (RCTs) were included. To be considered for
inclusion, RCTs had to meet the following criteria: studies which
investigated the association between chromium supplementation and
at least one anthropometric index?; studies which included adult sub-
jects aged 218 years®; studies which included healthy and subjects
with diabetes, overweight and/or obesity with a body mass index
(BMI) of 225 kg/m?*; studies reporting changes in body weight (kg),
BMI (kg/m?), body fat (%) or waist circumference (cm), with associated
standard deviations (SD), for both intervention and placebo groups.
Trials were excluded if they lasted <2-weeks, were unpublished
reports, case series, case reports, editorials, and reviews. In addition,
we tried to contact the corresponding authors of the studies with lim-
ited data for statistical pooling (eg, the net changes and their associ-
ated SD, or the reported data for calculating them including the

median and confidence intervals [CI] of anthropometric indices) to

achieve the required data for further inclusion of trials. The present
meta-analysis was carried out according to PRISMA guidelines.!!

2.2 | Data extraction

Two reviewers (M.T. and E.A.) independently assessed the eligibility
of the studies and any possible disagreements were resolved by con-
sensus and discussion with a third reviewer (S.).). The following items
were extracted: author's first name, year of publication, country of ori-
gin, study design, subject characteristics (including sample size of both
intervention and control groups, gender and age), duration of supple-
mentation and follow-up, dosage of chromium (micrograms or milli-
grammes per day), type and route of administration, clinical condition

of subjects, observed significant outcomes and study quality.

2.3 | Quality assessment

The Jadad Scale was used to assess the methodological quality of
included RCT's, with scores ranging from O (very low quality) to 5 (very
high quality) based on three distinct parts of randomization, double
blinding, and follow-up.'? This scale assigns one point for mentioning
randomization in the text, one point for mentioning blinding in the
text, and one point for the proper description of the fate of all sub-
jects. Moreover, one point belongs to the study if the randomization
method was appropriate (—1 if inappropriate) and one point if the
double-blinding was appropriate (-1 if inappropriate).1?

2.4 | Statistical analysis

All analyses were carried out using Review Manager Software
(Review Manager 5.3; Cochrane 100 Collaboration, Oxford, England,
UK) and Comprehensive Meta-Analysis (version 3.2; Biostat). The
pooled weighted mean difference (WMD) and its 95% confidence
interval (Cl) was used to assess the effects of chromium supplementa-
tion on anthropometric indices. The SDs of the changes of indices
including body weight (kg), BMI (kg/m?), body fat (%) and waist cir-
cumference (cm) were calculated by the method of Higgins et al,*2 if
the included studies did not report these parameters. Statistical het-
erogeneity was estimated using 12 test (12 < 50%) and y? test on
Cochrane's Q statistic. Random effects models were used in the pre-
sent meta-analysis. Stratified analyses were conducted according to
the Cochrane guidelines** to identify the influence of other modula-
tors including, duration of follow-up and supplementation, chromium
dosage, the clinical condition of participants and the quality of studies.
Additionally, sensitivity and pre-specified subgroup analyses were
performed according to the Cochrane guidelines to evaluate possible
sources of heterogeneity within the included trials.’> In the sensitivity
analysis, a single study was omitted each time and the effect size was
re-calculated to investigate its influence on the overall effect size.1®
Moreover, weighted random effect meta-regressions using
unrestricted maximum likelihood models were performed to deter-
mine the effects of potential moderators like chromium dosage and

duration of supplementation. We assessed the publication bias by
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visual inspection of funnel plots test. The asymmetric shape of funnel-
plot can be indicative of publication bias. Begg's rank correlation test
and Egger's weighted regression test were used to investigate any
possible bias.® A P-value of <0.05 was considered as statistically

significant.

3 | RESULTS

3.1 | Study selection

The literature search and study selection flow chart is presented in
Figure 1. Of 446 trials identified, 420 trials were excluded, because
they were duplicate studies (n = 155), reviews/editorials (n = 14), irrel-
evant studies including observational studies, molecular or animal
experiments (n = 245) and six trials were excluded because there were
not published in English/Persian languages. After abstracts and full-
text screening of 26 eligible records, seven were excluded for the fol-
lowing reasons: no placebo groups in the studies (n = 2). Another one
study were excluded because of clinical condition of included patients,
which may interfere with the measured outcomes, as they were
patients with poly-cystic ovarian syndrome with complex complica-
tions, which may interfere with overall results. Additionally, four stud-
ies were excluded because the participants were not all reported as
overweight/obese. Finally 19 studies with, 1316 participants in total
(666 in intervention and 650 in control groups), were finally included
for meta-analysis, which were all randomized, controlled trials. Grant
et al and Kaats et al investigated the effect of chromium on two dif-

ferent groups separated by different forms of chromium (chromium

picolinate and nicotinate) and dosage (400 vs 200 pg/d) and based on
the Cochrane Handbook for Systematic Reviews of Interventions,*
each group was considered separately in the analysis. Therefore, we
analysed 21 distinct trials extracted from 19 studies in the present

meta-analyses.

3.2 | Characteristics of included studies

The characteristics of the included studies and participants are shown in
Table 1. The studies were published from 1996 to 2017, in which
10 studies were conducted in United States,>”2° two studies in Iran?”2%
and one was conducted in Brasil®’, Canada®® Denmark3' Greece,?
Norway33, Taiwan®* and New Zealand.?® Twelve of the included studies
were conducted on both males and females'218-202227.29.3132 gnq the
remaining studies on females.”?1283033 The number of participants
ranged from 9 to 70 with a sum of total sample size of 1316 (a sum of
666 in the intervention and 650 in the control groups). Of the 21 trials,
12 included participants with overweight and obesity, seven included
patients with type 2 diabetes mellitus and remaining two included
patients with other clinical conditions including infection and schizo-
phrenia. Different forms of chromium were used in the included
trials. Of all included trials, 17 trials administered chromium
picolinate,}217-24262830.33 o trials administered the intervention as
chromium-enriched yeast®'*2 and three trials used the nicotinate form
of chromium as the interventional compound.?3?>2° Duration of chro-
mium supplementation varied between 9 and 24 weeks with a median

of 12 weeks. Dosages of supplementation ranged from 200 to

Potentially relevant citations, n = 446

Excluded records(n = 420):

- Duplicate articles (n=155)

- Reviews, case series, case reports and editorials,
(n=14)
- Not relevant (observational studies, molecular or

Eligible records screened, n=26

animal experiments)(n=245)

- Not in English/Persian (n=6)

Abstract and full-text assessed, n=26

Excluded Records (n = 7):

- Not placebo (n=2)

FIGURE 1 Study flow chart

- Clinical condition which may interfere with main
outcomes (n=1)
- Not categorized as obese/overweight (n=4)

showing process for study selection
and inclusion of randomized clinical
trials

Articles Included, n=19, trials
included, n=21
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1000 pg/d with the median of 400 pg/d. Mean age of participants in the

intervention and control groups were in the range of 24 to 68 years.

20,24,27,29,31-34

Changes in BMI were reported in eight trials and

19 trials reported changes in body weight.1217-3%3233 The reported
mean BMI of all included trials was over 25 kg/mz, therefore all
included participants were considered as subjects with
overweight/obesity. Of the 21 RCTs, 12 reported body fat

percentage‘17,18,20725,29,34

19,20,25,28,29,31,33,34

eight RCTs measured waist circumfer-
ence and only three studies specified the waist to
hip ratio.?%2%%2 |n terms of study quality, 13 trials were categorized
as high-quality with Jadad score'? of »317:19:22-26.28-32,

low-quality studies with Jadad score of <312182021.27.3334 (Tapje 2).

and eight as

3.3 | Effect of chromium supplementation on main
outcomes

Of all 21 included trials, 19 trials reported the changes in body weight,
in which seven reported a significant reduction after administration of
chromium.20-22:25.27:33 Ejght trials reported changes in BMI, and two
trials showed significant reductions following chromium supplementa-
tion?”-33; two trials of 12 included trials which measured body fat per-
centage, reported a significant decrease after supplementation of
chromium?? and of the eight trials presenting waist circumference,
only one showed a significant reduction following chromium supple-
mentation.®® As is shown in Figure 2, a forest plot of 19 trials showed
significant weight loss following chromium supplementation (WMD:
-0.75kg, 95% Cl, —1.04, —-0.45, P < 0.001) with the Hedges's g

standardized mean difference of 0.56 which defines the magnitude of
the effect size as medium.3> The heterogeneity for the meta-analysis
of body weight was 76%. The meta-analysis result showed significant
reductions in BMI and body fat percentage in chromium groups com-
pared with that of the control group (BMI WMD: —-0.40, 95% ClI,
—0.66, —0.13, P = 0.003; body fat percentage WMD: —0.68%, 95% ClI,
-1.17, -0.19, P = 0.007). A low level of heterogeneity was observed
for the analysis of body fat percentage (P = 0.23, I? = 22). A forest plot
of included trials did not show a statistically significant reduction of
waist circumference and waist to hip ratio in chromium supplementa-
tion groups over placebo groups. Moreover, a significant heterogene-

ity was observed in the meta-analysis of waist circumference.

3.4 | Subgroup and sensitivity analyses

The results of subgroup analyses are presented in Table 3. Overall,
there was a significant reduction in body weight, BMI and body fat
percentage following supplementation among trials with duration of
less than 12 weeks (body weight: —0.76 kg, 95% Cl —1.26, —0.26;
BMI: —1.14 kg/m?, 95% Cl —1.93, —0.36 and body fat percent:
—-1.19%, 95% Cl —1.72, —0.66). Longer term trials showed a significant
reduction just in body weight by 0.91kg (95% Cl —-1.22, —0.60,
P < 0.001). The subgroup analysis by dosage of chromium supplemen-
tation showed a significant difference in the mean change of body
weight and body fat percentage in trials which administered the sup-
plement in dose of less than 400 pg/d (WMD body weight: —1.08 kg,
95% Cl —1.60, —0.55, P < 0.001 and body fat percent: —0.94%, 95%

TABLE 2 Quality of the 20 included trials based on the Jadad score. The studies with score of >3 categorized as high quality and < 3 as low

quality studies

Study; year
Aghdassi; 2010
Calbasi; 2014
Campbell; 1999
Cefalu; 2010
Chen; 2014
Crawford; 1999
Grant; 1997
Guimares; 2016
Hockney; 2006
Igbal; 2009

Jo; 2016
Joseph; 1999
Kaats; 1996
Kaats; 1998
Liu; 2015

Blinding

Nussbaumerova; 2017
Robati; 2015
Whitfield; 2015
Yanni; 2016

NN O N NNNIEROR PR NORPR RPB B B N R
BN R, NN RNRNRRNRNRLRNRRANNN

Randomization

Withdrawals and dropouts descriptions Score
1 4
1 5
1 4
0 2
0 2
1 4
0 1
1 5
0 2
1 4
1 2
0 2
1 5
1 5
1 5
1 5
1 2
1 5
1 4
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FIGURE 2 A Forest plot
displaying the comparison of body
weight between chromium
supplementation and control groups.
Random effects model was used to
pool the standard mean differences
of indicators. B, Forest plot
displaying the comparison of BMI
between chromium
supplementation and control groups.
Random effects model was used to
pool the standard mean differences
of indicators. C, Forest plot
displaying the comparison of body
fat percentage between chromium
supplementation and control groups.
Random effects model was used to
pool the standard mean differences
of indicators. D, Forest plot
displaying the comparison of waist
circumference between chromium
supplementation and control groups.
Random effects model was used to
pool the standard mean differences
of indicators. Cl, confidence interval;
I-squared inconsistency

(D)
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Study name  Outcome _Statistics for each study _Difference in means and 95% CI
Difference ~ Standard Lower  Upper
inmeans error  Variance  limit limit  p-Value
Aghdasi 2010 Body weight -1.100 0003 0000 -1.105 -1.095 0.000000 | |
Hodney 2006  Body weight 0.500 0.325 0106 -0.138 1.138 0.124412 T+
Igbal 2009 Body weight -0.840 0.693 0481 -2199 0519 0.225792
Jo2016 Body weight 8300 1317 1734 5881 0719 0012199
Joseph 1999 Body weight 0.690 0183 0033 -1.048 -0.332 0.000159 E
Kaats1996a  Body weight -0.940 0.653 0426 -2220 0.340 0.150013
Kaats 1996b  Body weight -1.260 0.513 0.263 -2.266 -0.254 0.014074 -T——
Kaats1998  Body weight -1.080 0590 0348 -2237 0.077 0.067283
Liu2015 Body weight -0.100 3.381 11433 6.727 6.527 0.976406
Robati 2015 Body weight -1.390 0.228 0.052 -1.836 -0.944 0.000000 -
Whitfield 2015 Body weight 2200 1926 3710 5975 1575 0.253405
Yamni 2016 Body weight 0.400 1193 1424 2739 1939 0.737488
Calbas 2014  Body weight -0.400 0.329 0.109 -1.046 0.246 0.224719 —a
Campbell 1999 Body weight -0.600 0.468 0219 -1.517 0.317 0.199686 —a
Cefalu2010  Body weight 0.100 0.430 0.185 -0.743 0.943 0.816230 —
Crawford 1999 Body weight 0.300 0.326 0.106 -0.338 0.938 0.357017 —Hi—
Grant 1997a  Body weight -0.800 0.230 0.053 -1.250 -0.350 0.000494 -
Grant 1997b  Body weight -1.800 0.368 0.135 2521 -1.079 0.000001
Guimares 2016 Body weight -0.880 0.573 0328 -2.003 0.243 0.124462 r
-0.749 0.151 0.023 -1.044 -0.454 0.000001 <&
-4.00 -2.00 0.00 2.00 4.00
Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
inmeans error  Variance  limit limit ZValue p-Value
Ashoush 2015 -2.340 0.715 0511 3741 -0.939 -3.273 0.001063 —_——
Chen 2014 0.500 1.025 1.051 -1.509 2509  0.488 0.625743 —
Guimares 2016 0.050 0.395 0.156 0725 0.825 0.126 0.899344
Jo 2016 -1.200 0.465 0216 -2.112 0288 -2.580 0.009893 ——
Joseph 1999 -0.300 0.850 0723 -1.966 1.366 -0.353 0.724192
Liu2015 0.100 1.093 1195 2043 2243  0.091 0.927128
Nussbaumerova 2017 0.000 0.312 0.097 -0611 0611  0.000 1.000000 ——
Robati 2015 -0.520 0.083 0.007 -0683 -0.357 -6.262 0.000000 [ |
Yanni 2016 0.200 1.680 2822 3492 3092 0.119 0.905231
-0.470 0.214 0.046 -0.890 -0.050 -2.193 0.028292 |
-4.00 -2.00 0.00 2.00 4.00
S name Statistics for each study Difference in means and 95% Cl
Difference  Standard Lower  Upper
inmeans error Variance  limit limit ZValue p-Value
Aghdassi 2010 0510 2.099 4405 4623 3603 -0.243 0.808002 i
Campbell 1999 1.300 2242 5028 -3.095 5695 0580 0.562070
Cefalu 2010 -0.050 0.211 0.044 -0463 0.363 -0.237 0.812619 -i-
Chen 2014 -0.200 2119 4489 4352 3952 -0.094 0.924792
Grant 1997a 0.110 2654 7.044 5092 5312  0.041 0.966940
Grant 1997b -0.300 2.582 6667 -5361 4761 -0.116 0.907507
Guimares 2016 -0.230 1.466 2149 -3103 2643 -0.157 0.875315
Joseph 1999 -0.400 2625 6.892 -5545 4745 -0.152 0.87889%6
Kaats 1996a -1.100 0.471 0222 2023 -0.177 -2.337 0.019447 ——
Kaats 1996b -1.600 0.436 0190 -2454 0746 -3.673 0.000240 —1
Kaats 1998 -0.870 0.553 0306 -1.955 0215 -1.572 0.115968 ——
Liu 2015 -1.200 1.935 3.744 4992 2592 0620 0.535119
-0.686 0.252 0.063 -1.179 -0.193 -2.727 0.006384 <o
-4.00 -2.00 0.00 2.00 4.00
. £ -
Study name Statistics for each study Difference in means and 95% Cl
Difference Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Aghdassi 2010 -0.600 2523 6.368 -5546 4.346 -0.238 0.812061
Calbasi 2014 -0.660 0.480 0231 -1.602 0282 -1.374 0.169511 —1
Chen 2014 -0.300 2385 5686 4974 4374 -0.126 0.899886
Guimares 2016 0.000 1.732 3.000 -3395 3.3% 0.000 1.000000
Igbal 2009 0.120 0.426 0.181 -0.715 0.955 0.282 0.778158 +
Jo 2016 -6.800 3.204 10.265 -13.079 -0.521 -2.122 0.033802
Joseph 1999 -1.600 2477 6.136 6455 3255 -0.646 0.518320
Nussbaumerova 2017 -2.300 1.416 2006 -5.076 0476 -1.624 0.104378
-0.484 0.367 0135 -1.204 0236 -1.318 0.187438 ‘
-4.00 -2.00 0.00 2.00 4.00
Favours intervention Favours control
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Cl -1.77, —0.12, P = 0.02). Higher dosage of chromium supplemen-
tation revealed the significant reduction in both body weight
(WMD: -0.60 kg, 95% CI —0.99, —0.21, P = 0.003) and BMI (WMD:
—-0.48 kg/m?, 95% Cl —0.64, —0.33, P < 0.001). In another subgroup
analysis, the results of subjects with non-diabetes disorders revealed
a significant reduction in mean difference of body weight, BMI and
body fat percentage compared with control groups (body weight:
-0.84 kg, 95% Cl —1.16, —0.51, BMI: —0.51 kg/m?, 95% C| —0.68,
—0.35 and body fat percent: —1.17%, 95% Cl —1.69, —0.65). How-
ever, unlike the subjects with non-diabetes disorders, the patients
with diabetes did not show differences in mean difference of any
anthropometric indices. In the subgroup analysis by quality of stud-
ies, the high-quality studies showed significant differences in the
mean change of body weight and body fat percentage (body weight:
—0.80 kg, 95% Cl —1.12, —0.49 and body fat percent: —1.17%, 95%
Cl -1.69, —0.65).

Sensitivity analyses were carried out to test the robustness of
the overall analysis. Therefore, we tested the effect of removing
the data of each trial and monitored the direction of the result. In
the sensitivity analyses, omitting the trials by Grant et al?* and

|25

Hockney et al*> resulted in a significant reduction of 0.67 kg (95%

Cl -0.98, —0.36) and 0.84 mg/L (95% Cl -1.11, -0.58), as the
lower and upper range of analysis, respectively (Figure 3). The find-
ings demonstrate the absence of the differential effect of individual

studies.

3.5 | Meta regression

Meta-regression analysis was carried out to evaluate the effect of
potential moderators on the estimated effect size. The results
suggested the positive association between body weight and mea-
sured moderators including chromium dosage and duration of supple-
mentation (chromium dosage [slope: 0.00074; 95% Cl: 0.00014,
0.00133; P = 0.01, Figure 4A] and duration of supplementation [slope:
0.04; 95% Cl: —0.007, 0.10; P = 0.08, Figure 4B]), which is compatible
with the subgroup analysis.

Study name  Outcome

Point

Guimares 2016 Body weight -0.744
Joseph 1999 Body weight -0.757
Robati 2015  Body weight -0.692
Yami 2016 Body weight -0.754
Campbell 1999 Body weight -0.758
Cefalu2010  Body weight -0.800
Grant 1997a  Body weight -0.746
Grart 1997b  Body weight -0.675
Kaats 1996a  Body weight -0.742
Kaats 1996b  Body weight -0.724
Kaats 1998 Body weight -0.735
Aghdasi 2010 Body weight -0.719
Calbasi 2014 Body weight -0.776
Crawford 1999 Body weight -0.830
Hockney 2006 Body weight -0.846
Igbal 2009 Body weight -0.746

Jo 2016 Body weight -0.719
Liu 2015 Body weight -0.751
FIGURE 3 Sensitivity analysis for the Whitfield 2015 Body weight fj;:;

effect of chromium supplementation on
body weight

3.6 | Publication bias

The publication bias of this meta-analysis was performed using funnel
plot, Egger's linear regression, and Begg's rank correlation. The sym-
metrical shape of distribution did not reveal any signs of publication
bias (Figure 5). Based on Egger's linear regression test, no evidence of
publication bias was observed (intercept: 0.12; SE: 0.84; 95% ClI:
-1.73, 1.97; t =0.14, df = 11; two-tailed P = 0.88). Moreover, the
absence of publication bias was identified by Begg's rank correlation
with even dispersion of mean differences around the pooled effect
estimate (Kendall's Tau with continuity correction: —0.01; z = 0.06;
two-tailed P = 0.95).

4 | DISCUSSION

To our knowledge, the present study is the most up to date and com-
prehensive analysis from trials on the efficacy of chromium supple-
mentation on anthropometric indices in subjects with overweight and
obesity. In particular, a previous meta-analysis of Onakpoya et al,
included 18 trials with 974 subjects.’® The study of Tian et al®*® was
performed in trials in which the picolinate form of chromium supple-
ment was administered. However, it was more comprehensive com-
pared with the one of Onakpoya. Moreover, the latter meta-analysis
included nine RCTs involving a total of 622 participants while we
included 21 trials with larger sample sizes enrolled 1316 participants.
Therefore, our findings provide the most up to date evidence in this
important area of research.

The findings from the present meta-analysis indicate that com-
pared with placebo, chromium supplementation, as picolinate,
nicotinate or chromium-enriched yeast, was associated with signifi-
cant reductions in overall weight loss (WMD: -0.75 kg, 95% Cl,
—1.04, -0.45, P < 0.001), BMI (WMD: -0.40, 95% Cl, —0.66, —0.13,
P =0.003) and body fat percentage (WMD: —0.68%, 95% Cl, —1.32,
—0.03, P =0.04) in individuals with overweight and obesity. Sub-
group analysis confirmed significant reductions in maximal body
weight, BMI and body fat percentage in trials with a duration of
<12 weeks (body weight: —0.76 kg, 95% Cl -1.26, —-0.26, BMI:

Statistics with study removed Difference in means (95% Cl) with study removed

Standard Lower Upper
error Variance limit limit Z-Value p-Value

0.156 0.024 -1.049 -0438 -4.773 0.000002
0.168 0.028 -1.08%6 -0429 -4.516 0.000006
0.165 0.027 -1.015 -0.368 -4.184 0.000029
0.152 0.023 -1.053 -0455 -4.947 0.000001
0.1%6 0.024 -1.064 -0.451 -4.846 0.000001
0.151 0.023 -1.09%5 -0.505 -5.312 0.000000
0.165 0.027 -1.070 -0423 -4.522 0.000006
0.1%6 0.024 0981 -0.369 -4.322 0.000015
0.185 0.024 -1.046 -0438 -4.786 0.000002
0.157 0.025 -1.031 -0.417 -4.619 0.000004
0.156 0.024 -1.041 0430 -4.721 0.000002
0.181 0.033 -1.072 -0.365 -3.981 0.000069
0.157 0.025 -1.083 -0469 -4.957 0.000001
0.142 0.020 -1.107 -0.552 -5.857 0.000000
0.135 0018 -1.110 -0.582 -6.280 0.000000
0.155 0.024 -1.050 -0.443 -4.825 0.000001
0.150 002 -1.013 -0425 -4.79% 0.000002
0.152 0.023 -1.048 -0454 -4.953 0.000001
0.152 0.023 -1.038 -0444 -4.884 0.000001
0.151 0.023 -1.044 -0454 -4.977 0.000001

QLTI

-2.00

N

0.00 1.00 2.00
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FIGURE 4 A, Meta-regression plot
of the association between mean

0.14
-0.32
-0.78
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-1.70
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-3.08
-3.54

-4.00

differences of body weight after
chromium supplementation with dosage
of the treatment. B, Meta-regression
plot of the association between mean
differences of body weight after
chromium supplementation with
duration of supplementation
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(B) Regression of Dura/tion\%n Difference in means

0.60

0.14
-0.32
-0.78
-1.24
-1.70
-2.16
-2.62

Difference in means

-3.08
-3.54

-4.00

2.00 4.40 6.80 9.20 11.60 1400 1640  18.80
Duration

-1.14 kg/mz, 95% Cl —1.93, —0.36, and body fat percent: —1.19%,
95% Cl -1.72, —0.66), and with doses of <400 pg/d (bodyweight:
—1.08 kg, 95% ClI —1.60, —0.55 and body fat percent: —0.94%, 95% Cl
-1.77,-0.12).

Our findings contrast with the recommendations from a previous

meta-analysis by Onakpoya et al suggesting that future clinical trials

21.20 23.60 26.00

supplement with chromium for at least 16 weeks. In their study, a
maximal weight loss of 1 kg was reached at 16 weeks, and this seems
to be the rationale for their recommendations. In accordance, we
analysed RCT's with a study duration up to 24 weeks, and our data
indicated a greater weight loss (ie, 0.76 kg) following sub-group analy-

sis for study duration of <12 weeks. Nonetheless, only five trials

Funnel Plot of Standard Error by Difference in means

§o

Standard Error

FIGURE 5 Funnel plot for

Difference inmeans

publication bias in included trials on
the effect of chromium
supplementation on body weight
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supplemented chromium over 12 weeks.'82%2727 |nterestingly, in
comparison with the previous meta-analysis, our study showed a
moderate effect size of chromium supplementation on body weight
and the finding increases our confidence that chromium supplementa-
tion may result in weight loss. However, conclusions cannot be easily
drawn, and we recommend future studies clarify the effect of the
duration of chromium supplementation on body composition.

The dosage of chromium supplemented ranged from 200 to
1000 pg/d with a median of 400 pg/d. Subgroup analysis by dosage
showed significant improvement in the mean change of body weight
and body fat percentage in trials which administered chromium at a
dose of <400 pg/d. This optimal dose of <400 pg/d has also been
described previously by Onakpoya et al, in terms of maximal weight
loss achieved. It is noteworthy, that previous studies have reported
concerns regarding the safety of chromium supplementation, particu-
larly as picolinate. Some of these adverse effects have included renal
and hepatic impairment and potential genotoxicity at moderate to
high doses However, conclusions from recent expert committees have
found no evidence of genotoxicity with picolinate use, and it is gener-
ally considered not toxic to human health with oral doses up to
1000 mg/d. In our study, we did not find any evidence of specific
adverse effects with chromium supplemented as picolinate, nicotinate
or enriched yeast, with doses between 200 and 1000 pg/d.

Waist circumference is an index for visceral adiposity and is asso-
ciated with the risk of cardiometabolic disease. In our study, we did
not observe any significant reductions in waist circumference, or waist
to hip ratio, following chromium supplementation as compared with
placebo. Our findings are like those of Onakpoya et al, and it is unclear
at this juncture whether these effects are clinically relevant or due to
inconsistencies with measuring waist circumference and waist to hip
ratio, as previously discussed.

Some evidence indicates lower blood concentrations of chromium
in populations with diabetes and it has been postulated that chro-
mium supplementation could potentiate the metabolic action of insu-
lin and lower some of the risk factors associated with CVD,
particularly in individuals with overweight. In our study, we included
individuals with diabetes in our analysis. However, we did not observe
any significant reductions or improvements for any of the anthropo-
metric indices associated with body composition in this population. It
is uncertain why we did not find any improvements, however, it is
likely that it could be due to the limited number of trials conducted on

patients with diabetes,82829:32

regarding changes in body composi-
tion. However, our finding is in agreement with the study of Ganguly
et al who also reported no significant improvements between the con-
trol and chromium yeast groups for glycaemic status, blood
pressure, lipid profile, body weight and body fat percentage in
hyperglycaemic mice.

There were several limitations to our study, which included the
low number of trials, particularly those of a high quality. We also did
not consider lifestyle factors, including physical activity or dietary fac-
tors, which may have influenced the outcome of our meta-analysis.

However, we used a robust search strategy and included individuals

with diabetes in our analyses, which has previously been rec-

ommended in earlier reviews.

5 | CONCLUSION

In conclusion, chromium supplementation was associated with some
improvements in body composition, particularly body weight and
body fat percentage, in participants with obesity and overweight.
These effects were achieved in shorter durations than previous ana-
lyses. Although the effect size was medium, the clinical relevance of
chromium as a weight loss aid remains uncertain. Further investigation
from larger and better-designed studies are necessary to elucidate the
potential benefits of chromium as a weight loss adjunct, especially in
patients with diabetes.

ACKNOWLEDGEMENTS

We are grateful to our colleagues for their patience and their advice

on searching the papers.

CONFLICTS OF INTEREST

No conflict of interest was declared.

ORCID

Sadegh Jafarnejad "= https://orcid.org/0000-0002-4666-1918

REFERENCES

1. Goran M, Ball GDC, Cruz ML. Obesity and risk of type 2 diabetes
and cardiovascular disease in children and adolescents. J Clin
Endocrinol Metab. 2003;88(4):1417-1427.

2. Power C, Pereira SMP, Law C, Ki M. Obesity and risk factors for car-
diovascular disease and type 2 diabetes: investigating the role of
physical activity and sedentary behaviour in mid-life in the 1958 Brit-
ish cohort. Atherosclerosis. 2014;233(2):363-369.

3. Lemstra M, Bird Y, Nwankwo C, Rogers M, Moraros J. Weight loss
intervention adherence and factors promoting adherence: a meta-
analysis. Patient Prefer Adherence. 2016;10:1547.

4. National Institutes of Health. Dietary Supplement Fact Sheet: Chro-
mium. Bethesda, MD: Office of Dietary Supplements, NIH Clinical
Center, National Institutes of Health; 2007.

5. Albarracin CA, Fuqua BC, Evans JL, Goldfine ID. Chromium picolinate
and biotin combination improves glucose metabolism in treated,
uncontrolled overweight to obese patients with type 2 diabetes. Dia-
betes Metab Res Rev. 2008;24(1):41-51.

6. Frauchiger MT, Wenk C, Colombani PC. Effects of acute chromium
supplementation on postprandial metabolism in healthy young men.
J Am Coll Nutr. 2004;23(4):351-357.

7. Docherty JP, Sack DA, Roffman M, Finch M, Komorowski JR. A
double-blind, placebo-controlled, exploratory trial of chromium pic-
olinate in atypical depression: effect on carbohydrate craving.
J Psychiatr Pract. 2005;11(5):302-314.

8. Hoffman JR, Kang J, Ratamess NA, Jennings PF, Mangine G,
Faigenbaum AD. Thermogenic effect from nutritionally enriched cof-
fee consumption. J Int Soc Sports Nutr. 2006;3(1):35.

95U8017 SUOWWOD BAIR.D 3(gedldde ay) Aq pausenob afe sejoie YO ‘8sn Jo S9N J0j Aiq1T 8UIUQ A8]IA UO (SUOIPUCD-PUe-SWLBI W00 A8 | Afe.d 1 jpuluoy/:sdny) SUORIPUOD pue swie 1 8y} 89S *[9202/v0/vz] uo Areiqiauljuo A|im ‘pebfezs JO AiseAlun Aq €TEZT G00/TTTT OT/I0p/woo A1 Alelq puljuo//sdiy wolj pepeojumod ‘v ‘6T0Z ‘TTT88S.LT


https://orcid.org/0000-0002-4666-1918
https://orcid.org/0000-0002-4666-1918

16 of 16 WI LEY—

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.

21.

22.
23.

24.

TSANG ET AL

Pittler MH, Stevinson C, Ernst E. Chromium picolinate for reducing
body weight: meta-analysis of randomized trials. Int J Obes. 2003;27
(4):522-529.

Onakpoya |, Posadzki P, Ernst E. Chromium supplementation in over-
weight and obesity: a systematic review and meta-analysis of ran-
domized clinical trials. Obes Rev. 2013;14(6):496-507.

Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015
statement. Syst Rev. 2015;4:1.

Hockney RA, Montgomery P, Williams C, Geddes JR, Cowen PJ. Lack
of effect of chromium supplementation on mental state and body
weight in people with schizophrenia. J Clin Psychopharmacol. 2006;26
(5):544-545.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsis-
tency in meta-analyses. BMJ. 2003;327(7414):557-560.

Jadad AR, Moore RA, Carroll D, et al. Assessing the quality of reports
of randomized clinical trials: is blinding necessary? Control Clin Trials.
1996;17(1):1-12.

Van Tulder M, Furlan A, Bombardier C, Bouter L, Editorial Board of
the Cochrane Collaboration Back Review Group. Updated method
guidelines for systematic reviews in the cochrane collaboration back
review group. Spine. 2003;28(12):1290-1299.

Cooper H, Hedges LV, Valentine JC. The Handbook of Research Synthesis
and Meta-Analysis. New York, NY: Russell Sage Foundation; 2009.
Campbell WW, Joseph LJO, Davey SL, Campbell D, Anderson RA,
Evans WJ. Effects of resistance training and chromium Picolinate on
body composition and skeletal muscle in older men. J Appl Physiol.
1999;86:29-39.

Cefalu WT, Rood J, Pinsonat P, et al. Characterization of the meta-
bolic and physiologic response to chromium supplementation in sub-
jects with type 2 diabetes mellitus. Metabolism. 2010;59(5):755-762.
Igbal N, Cardillo S, Volger S, et al. Chromium picolinate does not
improve key features of metabolic syndrome in obese nondiabetic
adults. Metab Syndr Relat Disord. 2009;7(2):143-150.

Joseph LJO, Farrell PA, Davey SL, Evans WJ, Campbell WW. Effect of
resistance training with or without chromium picolinate supplementa-
tion on glucose metabolism in older men and women. Metabolism.
1999;48(5):546-553.

Grant KE, Chandler RM, Castle AL, Ivy JL. Chromium and exercise
training: effect on obese women. Med Sci Sports Exerc. 1997;29:
992-998.

Kaats GR, Blum K, Fisher JA, Adelman JA. Effects of chromium
Picolinate supplementation on body composition: a randomized,
double-masked, placebo-controlled study. Curr Ther Res. 1996;57(10):
747-756.

Kaats GR, Blum K, Pullin D, Keith SC, Wood R. A randomized, double-
masked, placebo-controlled study of the effects of chromium picolinate
supplementation on body composition: a replication and extension of a
previous study. Current Therapeutic Research. 1998;59:379-388.

Liu Y, Cotillard A, Vatier C, et al. A dietary supplement containing
cinnamon, chromium and carnosine decreases fasting plasma glucose
and increases lean mass in overweight or obese pre-diabetic subjects: a
randomized, placebo-controlled trial. PloS One. 2015;10(9):e0138646.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Aghdassi E, Arendt BM, Salit IE, et al. In patients with HIV-infection,
chromium supplementation improves insulin resistance and other
metabolic abnormalities: a randomized, double-blind, placebo con-
trolled trial. Curr HIV Res. 2010;8(2):113-120.

Whitfield P, Parry-Strong A, Walsh E, Weatherall M, Krebs JD. The
effect of a cinnamon-, chromium-and magnesium-formulated honey
on glycaemic control, weight loss and lipid parameters in type 2 diabe-
tes: an open-label cross-over randomised controlled trial. Eur J Nutr.
2016;55(3):1123-1131.

Robati P, Mozafari H, Najarzadeh A, Dehghan A, Khorami E. The
effect of chromium Picolinate supplementation on body weight, body
mass index and waist circumference in overweight and obese people.
Med J Mashhad. 2015;58(3):117-122.

Calbasi S, Erfani far A, Afshar H, Gachkar L, Ghorbani Yekta B,
Enteshari K. Effect of chromium supplementation on lipid profile in
patients with type 2 diabetes mellitus. Iran J Endocrinol Metab. 2014;
15(6):515-518.

Guimaraes MM, Carvalho ACMS, Silva MS. Effect of chromium sup-
plementation on the glucose homeostasis and anthropometry of type
2 diabetic patients: double blind, randomized clinical trial. J Trace Elem
Med Biol. 2016;36:65-72.

Crawford V, Scheckenbach R, Preuss HG. Effects of niacin-bound
chromium supplementation on body composition in overweight
African-American women. Diabetes Obes Metab. 1999;1(6):331-337.
Nussbaumerova B, Rosolova H, Krizek M, et al. Chromium supple-
mentation reduces resting heart rate in patients with metabolic syn-
drome and impaired glucose tolerance. Biol Trace Elem Res. 2017;183
(2):192-199.

Yanni AE, Stamataki NS, Konstantopoulos P, et al. Controlling type-2
diabetes by inclusion of Cr-enriched yeast bread in the daily dietary
pattern: a randomized clinical trial. Eur J Nutr. 2018;57(1):259-267.

Jo H, Wahl A. The effect of a new dietary mineral product on body
composition and weight in overweight and obese people. The results
from a comparative randomized 30-days study. J Obes Eat Disord.
2016;2(3):496-507.

Chen Y-L, Lin J-D, Hsia T-L, Mao FC, Hsu C-H, Pei D. The effect of
chromium on inflammatory markers, 1st and 2nd phase insulin secre-
tion in type 2 diabetes. Eur J Nutr. 2014;53(1):127-133.

Faraone SV. Interpreting estimates of treatment effects: implications
for managed care. PT. 2008;33(12):700-711.

Tian H, Guo X, Wang X, et al. Chromium picolinate supplementation
for overweight or obese adults. Cochrane Database Syst Rev. 2013;11:
CDO010063.

How to cite this article: Tsang C, Taghizadeh M,
Aghabagheri E, Asemi Z, Jafarnejad S. A meta-analysis of the
effect of chromium supplementation on anthropometric
indices of subjects with overweight or obesity. Clin Obes.
2019;9:€12313. https://doi.org/10.1111/cob.12313

95U8017 SUOWWOD BAIR.D 3(gedldde ay) Aq pausenob afe sejoie YO ‘8sn Jo S9N J0j Aiq1T 8UIUQ A8]IA UO (SUOIPUCD-PUe-SWLBI W00 A8 | Afe.d 1 jpuluoy/:sdny) SUORIPUOD pue swie 1 8y} 89S *[9202/v0/vz] uo Areiqiauljuo A|im ‘pebfezs JO AiseAlun Aq €TEZT G00/TTTT OT/I0p/woo A1 Alelq puljuo//sdiy wolj pepeojumod ‘v ‘6T0Z ‘TTT88S.LT


https://doi.org/10.1111/cob.12313

	A meta-analysis of the effect of chromium supplementation on anthropometric indices of subjects with overweight or obesity
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Search strategy and selection
	2.2  Data extraction
	2.3  Quality assessment
	2.4  Statistical analysis

	3  RESULTS
	3.1  Study selection
	3.2  Characteristics of included studies
	3.3  Effect of chromium supplementation on main outcomes
	3.4  Subgroup and sensitivity analyses
	3.5  Meta regression
	3.6  Publication bias

	4  DISCUSSION
	5  CONCLUSION
	ACKNOWLEDGEMENTS
	  CONFLICTS OF INTEREST
	REFERENCES


