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Chromium supplements for glycemic control in type 2 diabetes:

limited evidence of effectiveness

Rebecca B. Costello, Johanna T. Dwyer, and Regan L. Bailey

Some adults with type 2 diabetes mellitus (T2DM) believe that chromium-contain-
ing supplements will help control their disease, but the evidence is mixed. This
narrative review examines the efficacy of chromium supplements for improving
glycemic control as measured by decreases in fasting plasma glucose (FPG) or he-
moglobin Alc (HbATc). Using systematic search criteria, 20 randomized controlled
trials of chromium supplementation in T2DM patients were identified. Clinically
meaningful treatment goals were defined as an FPG of <7.2 mmol/dL, a decline in
HbATc to <7%, or a decrease of >0.5% in HbATc. In only a few randomized con-
trolled trials did FPG (5 of 20), HbATc (3 of 14), or both (1 of 14) reach the treat-
ment goals with chromium supplementation. HbA1c declined by >0.5% in 5 of 14
studies. On the basis of the low strength of existing evidence, chromium supple-
ments have limited effectiveness, and there is little rationale to recommend their
use for glycemic control in patients with existing T2DM. Future meta-analyses
should include only high-quality studies with similar forms of chromium and com-
parable inclusion/exclusion criteria to provide scientifically sound recommendations

for clinicians.

INTRODUCTION

In 2012, 29.1 million Americans (or 9.3% of the popula-
tion) were living with diabetes, and 1.7 million new
cases of diabetes were diagnosed.' Diabetes increases
the risk for cardiovascular disease and neuropathy and
is the leading cause of blindness in the United States.
Overweight and obesity, risk factors for type 2 diabetes
mellitus (T2DM), remain a serious public health prob-
lem. Clearly, primary and secondary prevention strate-
gies to decrease the risk of diabetes and its
complications are a public health imperative.

Trivalent chromium, or chromium 3, is found in
foods and dietary supplements. Intakes from food
among American adults range from 23 to 29 ug/d for

women and from 39 to 54 ug/d for men, levels that
meet or exceed the adequate intake of chromium estab-
lished by the Food and Nutrition Board of the Institute
of Medicine.”

About half of American adults use dietary supple-
ments, primarily because they believe supplements pro-
mote overall health and prevent disease.” Many use
chromium-containing supplements to reduce their risk
of diabetes or to complement conventional medical
therapies used in the management of diabetes." There
are thousands of chromium-containing supplements on
the market, many of which are purported to have bene-
ficial effects on glucose metabolism. Since chromium
potentiates the action of insulin, chromium supple-
ments may lower blood sugar and improve glucose
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tolerance. Although chromium’s role as a cofactor for
insulin action is not fully understood, it was once
thought to be a constituent of the glucose tolerance fac-
tor, a water-soluble complex containing both chromium
and niacin that may be needed for normal glucose toler-
ance. Chromodulin, a low-molecular-weight, chro-
mium-binding compound, may play a role in mediating
the intracellular effects of chromium.* Because acute
chromium deficiency can cause reversible insulin resis-
tance and diabetes, chromium is routinely added to to-
tal parenteral nutrition solutions.”®

In 2005 the US Food and Drug Administration per-
mitted a qualified health claim indicating that the evi-
dence for chromium picolinate supplements in
reducing the risk of insulin resistance and, possibly,
T2DM is highly uncertain.” Data from clinical and ob-
servational studies since then have been mixed. Six re-
cent meta-analyses evaluated randomized clinical trials
(RCTs) of the effects of chromium supplementation on
blood glucose in T2DM patients by measuring either
fasting plasma glucose (FPG) or hemoglobin Alc
(HbAlc]), or both. Slightly more than half of the trials
found a statistically significant lowering of FPG (4 of 6),
HbAlc (3 of 5), or both (3 of 5) measures. However,
whether glycemic control improved to a clinically
meaningful as well as statistically significant level was
not addressed. To address the limitations of systematic
reviews in nutrition and, in particular, for dietary sup-
plements, a systematic search of RCTs in the literature
was conducted, with the results presented here as a nar-
rative review addressing whether chromium supple-
ments are efficacious in improving glycemic control by
lowering blood sugar, as measured by FPG and HbAlc.
The evidence on whether different forms, doses, or du-
rations of chromium supplementation differed in their
effects is also examined.

DEFINING THE INCLUSION OF STUDIES IN THE
DATA SET

A comprehensive PubMed literature search was per-
formed for human studies published in English from
January 1, 1994, through December 31, 2014, using the
following search terms: chromium, blood glucose, blood
sugar, glucose metabolism disorders or metabolic syn-
drome, and RCT or systematic review or meta-analysis.
The inclusion criteria for trials with adults (>18 years)
were as follows: T2DM defined by self-report, clinical
diagnosis, or biochemically determined FPG or HbAlc;
use of hypoglycemic agents with and without concur-
rent treatment; stable, chronic disease; and participation
in a placebo- or comparator-controlled RCT with a die-
tary supplement for glycemic control. All RCTs in the
published meta-analyses were included. Additional
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references were obtained from the period after the cited
meta-analyses had been completed. Clinical trials and
studies were excluded if they included the following:
children only; study arms solely of patients with type 1
diabetes; patients with unstable chronic disease and/or
acute conditions (eg, severe heart failure, hemodialysis,
myocardial infarction); patients with HIV infection;
and combination therapies without a separate chro-
mium supplement arm. Unpublished, observational,
nonrandomized, and unblinded studies were also ex-
cluded, as were all studies that did not report pre- and
postintervention results.

Figure 1 presents the search strategy and the num-
ber of studies retrieved meeting the inclusion criteria.
Twenty RCT's of patients with T2DM met the inclusion
criteria. A total of 33 RCTs were excluded for the rea-
sons noted in Figure 1.

All of the existing studies in the available meta-
analyses and elsewhere, as well as one more recent RCT
that conformed to the inclusion criteria and measured
the effects of chromium supplements on FPG and
HbAlc in T2DM patients, were reviewed and included.
T2DM was defined as either an elevated FPG of
>126 mg/dL (7.0 mmol/L) or an HbAlc of >6.5%.°
Table 1 describes the inclusion criteria of the meta-anal-
yses reviewed, and Table 2 presents the RCTs within
these meta-analyses. It was not appropriate to perform
a new meta-analysis of the effects of chromium supple-
ments on patients with T2DM because of the significant
heterogeneity between the studies, described in detail
below. A narrative review was performed by summariz-
ing the mean values for the chromium supplement and
placebo arms in patients with T2DM at baseline and
post supplementation.

SYNTHESIZING THE RESULTS OF THE DATA SET

Twenty RCTs (22 study arms) of patients with T2DM, in-
cluding all in the existing meta-analyses and the one addi-
tional RCT** that had been completed after the last meta-
analysis, are summarized in this report. A few studies
controlled for or monitored background diets and physi-
cal activity levels, though most did not. Study interven-
tion periods varied from 3 weeks to 6 months. Exposures
were difficult to estimate. Not only did elemental chro-
mium doses range from 1.28 to 1000 ug, but dosing
schedules also varied and sometimes were not provided,
and baseline intakes of chromium were often not re-
ported. The type of chromium supplement used also var-
ied. Seven different formula preparations were used,
some of which were not well described. Chromium pico-
linate products were used most frequently, followed by
chromium-containing yeast formulations, such as brew-
er’s yeast and chromium chloride. Often the doses were
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Chromium Supplements for Hypoglycemia
Total articles retrieved: 59 studies

Included:
6 Meta-analyses
and 20 RCTs

Excluded: 33 RCTs
Healthy, Type 1 diabetes, IGT,
or studies with incomplete data

Taking hypoglycemic drugs N= 18

Dose Cr >500 ug/d N=5

Duration £12 wk N=2

Duration >12 wk N=3

Dose Cr <500 ug/d N=13

<12 wk N=9

>12 wk N=4

Not taking hypoglycemic drugs N =4

Dose Cr >500 ug/d N=3

Duration £ 12 wk N=3

Duration >12 wk N=0

Dose Cr <500 ug/d N=1

<12 wk N=1

>12 wk N=0

Figure 1 Literature search strategy and additional review criteria for categorizing studies by dose and duration in subjects with
type 2 diabetes mellitus. Abbreviations: Cr, chromium; IGT, impaired glucose tolerance; RCTs, randomized controlled trials.

listed as yeast with a stated chromium content; at other
times, the doses were stated simply as the amount of
chromium in the yeast or as chromium chloride or chro-
mium picolinate. In addition, the quality of the studies
that were included varied with respect to making causal
inferences. Of the designs for analysis used in the 20
RCTs, only 11 of 20 (55%) had the stronger intent-to-
treat analysis (ITT) design in which all patients random-
ized were assessed and included in means at the end of
the study; the remaining 9 studies used a weaker per-pro-
tocol analysis, which analyzed only study completers, so
that the means for outcomes did not include dropouts
and thus may have been biased.

Studies measuring HbA1c

Figure 2A displays mean changes in HbAlc, from base-
line to post supplementation, in subjects enrolled in the
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chromium supplementation and placebo arms of the
RCTs. Mean baseline HbAlc levels differed from study
to study, although all were above the levels indicative of
diabetes (HbAlc >6.5%) at baseline. There was a lack
of a consistent decrease with chromium supplementa-
tion in HbAlc values in the 14 studies. Chromium sup-
plementation also did not bring HbAlc levels to those
recommended in treatment guidelines (eg, <7.0%).
Note also that 10 of 14 studies enrolled subjects who
had been prescribed lifestyle modifications and were
taking hypoglycemic agents and apparently continued
taking them during the supplementation period. Only
two means were at or below the upper end of the treat-
ment goal range after chromium supplementation, but
in several studies the means declined to a lesser degree.
Figure 2B shows the mean changes in HbAlc by
length of study for subjects enrolled in the chromium
supplementation and placebo arms. Initially, it was
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Table 2 Randomized controlled trials (RCTs) included in each of the 7 reviews on chromium supplementation and glyce-
mic control

Meta-analyses/reviews

Individual RCTs in each review Althuisetal.  Balketal.  Patal et al. Abdollahi Bailey Suksomboon Current
(gray bars indicate inclusion (2002)° (2007)° (2010)""  etal. (2013)'*  (2014)"® etal. (2014)'*  narrative
of RCT in meta-analysis) review

Albarracin et al. (2008)"
Abraham et al. (1992)'°
Aghdassi et al. (2010)"7
Anderson et al. (1997)'8 (2 arms)
Anderson et al. (1983)"
Anderson et al. (1991)%°
Bahijiri et al. (2000)? (2 arms)
Cefalu et al. (1999)*
Cefalu et al. (2010)*
Chen et al. 2014)**
Crawford et al. (1999)*
Evans (1989)*
Ghosh et al. (2002)*
Gunton et al. (2005)%
Grant and McMullen. (1982)%°
Grant et al. (1997)*°
Hermann et al. (1998)*"
Hermann et al. (1994)*?
Jain et al. (2012)*3 (2 arms)
Joseph et al. (1999)**
Kleefstra et al. (2007)*
Kleefstra et al. (2006)%°
Krol et al. (2011)%”
Igbal et al. (2009)®
Lai (2008)*
LeFavi et al. (1993)"
Lee and Reasner (1994)'
Li et al. (1992)*
Li (1994)*
Lucidi et al. (2005)*
Lukaski et al. (2000)
(unpublished data)
Martin et al. (2006)*
Martinez et al. (1985)*
Mossop (1983)*7
Offenbacher and
Pi-Sunyer (1980)*
Offenbacher et al. (1985)*
Pasman et al. (1997)>°
Pei et al. (2006)°"
Rabinovitz et al. (1983)°>
Rabinovitz et al. (2004)>
Racek et al. (2006)°*
Riales et al. (1981)>°
Singer and Geohas (2006)°
Sharma et al. (2011)*’
Sherman et al. (1968)°®
Thomas and Gropper (1996)>°
Urberg and Zemel (1987)%°
Uusitupa et al. (1983)°"
Volpe et al. (2001)%
Vrtovec et al. (2005)%3
Walker et al. (1998)%*
Wang et al. (1989)%°
Wilson and Gondy (1995)%°
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Figure 2 (A) Mean changes in HbA1c from baseline to postchromium supplementation for 14 studies and placebo arms. Solid line is
chromium treatment, dashed line is placebo control, and heavy dotted line represents HbA1c treatment goal of <7.0%.° (B) Mean changes
in HbA1c by length of study, from pre- to postchromium supplementation, for 14 studies and placebo arms. Solid line is chromium
treatment, dashed line is placebo control, and heavy dotted line represents HbA1c treatment goal of <7.0%.2 Abbreviations: CDNC, chromium
dinicocysteinate; CR, chromium, CrPic, chromium picolinate; PLCB, placebo.

hypothesized that, if the effects of chromium on metab-
olism took many weeks or months to manifest, the du-
ration of supplementation might be important. Since
the length of the studies varied considerably, from less
than a month to 6 months, the longer studies might be
more likely to show effects. Such a phenomenon might
be particularly evident for HbAlc measures, since red
blood cells have a lifespan of 120 days, and the glycosy-
lated hemoglobin might build up over a longer period.
HbA1Ic values reflect fluctuations in blood glucose levels
over many weeks or months, and therefore they are re-
garded as a more stable measure than FPG, which varies
from hour to hour and day to day. Duration of the sup-
plementation did not seem to markedly affect the size
of the decline, nor were trends between dose and form
of the supplement evident. HbAlc at baseline differed
little between the supplemented and placebo groups, as
most were also receiving hypoglycemic medications.
Again, emphasis was placed on studies in which
mean HbA1lc levels dropped considerably to ascertain if
any common elements that might be associated with
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the positive effects observed could be identified. The
only study of patients not taking hypoglycemic medica-
tions concurrently with the chromium supplement was
the trial of Sharma et al.,”” in which 20 individuals with
new-onset T2DM were given a brewer’s yeast supple-
ment (42 ug of chromium per day) for 12 weeks in a
single-blind RCT using an ITT analysis in India. The
mean HbAlc of 9.5% at baseline fell to 6.9%, reaching
the treatment goal range after supplementation.
However, there was considerable variability in response,
as evident in the large coefficient of variation.

All of the other studies in which HbAlc dropped
considerably were conducted in patients who were re-
ceiving hypoglycemic medications along with the chro-
mium supplement. Grant and McMullen’s™ study of 37
T2DM patients on hypoglycemic agents tested a brew-
er’s yeast supplement (1.28 ug of chromium per day) for
7 weeks using a crossover design and an ITT analysis.
The mean HbA1lc of 8.0% at baseline fell to 6.6%, reach-
ing the treatment goal range by the end of the supple-
mentation period.

Nutrition Reviews® Vol. 74(7):455-468
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Figure 2 Continued

The Lai trial,” conducted in Taiwan, used a chro-
mium dosage of 1000 ug/d from supplemented yeast
(it was unclear what form of yeast was used) in a 6-
month RCT with an ITT analysis in 10 T2DM patients
with a baseline FPG of >8.5 mmol/L and HbAlc levels
of >8.5%. The intervention was associated with a drop
in HbAlc from 10.2% to 9.5%, which was above the
treatment goal.

Krol et al.”” also used brewers’ yeast (500 ug/d) in
an 8-week study testing the effects of the supplement in
28 T2DM Polish patients receiving hypoglycemic medi-
cations in a crossover study design. Baseline HbA1C
levels of 8.1% fell to 7.6% in the 20 patients included in
the per-protocol analysis. However, 8 subjects were
dropped from the analysis, 4 from each group.

The 2 other studies that showed some, but lesser,
lowering of HbA1C with a chromium supplement used
chromium picolinate. Rabinovitz et al.”> studied 39
T2DM patients in the treatment arm who were 61 to
83 years of age and receiving hypoglycemic medica-
tions, including both sulfonylureas and insulin, and
who were provided with supplemental chromium

Nutrition Reviews® Vol. 74(7):455-468
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picolinate (400 ug/d) for 3 weeks. The study was an ITT
analysis. Baseline HbA1c levels were 8.2%, and these fell
to 7.6 % post treatment; however, mean standard devia-
tions or mean standard errors were not reported, nor
were final HbAlc values reported in the control group,
precluding statistical analysis. Martin et al.*> enrolled
17 T2DM patients whose FPG values were >125 mg/dL
and <170 mg/dL at baseline and who were also taking
hypoglycemic medications (sulfonylureas). Patients re-
ceived chromium picolinate 1000 ug/d for 24 weeks in a
double-blind RCT using a per-protocol analysis. Only
14 of the 17 patients completed the study, and the mean
HbAlc of the completers declined from 9.7% to 8.5%
with the chromium supplement, although HbAlc levels
remained above treatment goals.

Studies measuring fasting plasma glucose

Figure 3A displays mean changes from baseline to post
supplementation in FPG in patients enrolled in the
chromium supplementation and placebo arms of the
RCTs. Sixteen of the 20 studies enrolled patients on
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Figure 3 (A) Mean changes in fasting plasma glucose (FPG) from baseline to postchromium supplementation for all 20 studies (22
arms) and placebo arms. olid line is chromium treatment, dashed line is placebo control, and heavy dotted line represents FPG treatment
goal of £7.2mmol/L? (B) Mean changes in FPG by length of study, from pre- to postchromium supplementation, for 20 studies (22
arms) and placebo arms. Solid line is chromium treatment, dashed line is placebo control, and heavy dotted line represents FPG treatment
goal of <7.2mmol/L8 Abbreviations: BY, brewer's yeast; CDNC, chromium dinicocysteinate; CR, chromium; CrCI3, chromium chloride; CrPic,

chromium picolinate; PLCB, placebo.

hypoglycemic agents, most of whom were also on life-
style modifications. Figures 3A and 3B also show the
treatment goals for FPG. Mean levels in all the studies
at baseline were above the FPG levels considered diag-
nostic for diabetes. In general, mean FPG did not
change or decreased only slightly with the chromium
supplement, but, as is evident in the figure, they rarely
reached normal levels, and supplementation appeared
to have only modest effects on FPG. Again, in 10 stud-
ies, the FPG levels in the placebo arm also decreased.
Large changes were noted in the placebo arms of 2 stud-
ies; in a single-blind study,” FPG increased from 12.6
to 13.8 mmol/L (eg, 226-248 mg/dL), and in the other
study, in which 26 (13 on chromium and 13 controls)
of 39 subjects had dropped out,”” FPG decreased
from 14.4 to 12.3mmol/L (259-221 mg/dL). Striking
changes in FPG were not evident in the remainder of
studies, and values generally remained above treatment
goals.
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Figure 3B shows the same data by duration of the
chromium supplementation; again, duration did not
seem to dramatically affect FPG levels. Fasting plasma
glucose outcomes for patients concurrently receiving
hypoglycemic drugs and chromium supplements were
not markedly different from those in patients on chro-
mium supplements alone.

In summary, hypoglycemic treatment goals were
reached after chromium supplementation in 25% (5 of
20) of studies using the mean FPG criterion, in 21% (3
of 14) using the HbAlc criterion, and in 7% (1 of 14)
using both the FPG and the HbAlc criteria. Using the
decline in HbAlc by >0.5%, only 36% (5 of 14) met
this criterion. In most cases, these effects were achieved
only when chromium supplementation was adminis-
tered along with conventional hypoglycemic medica-
tions and lifestyle modifications.

There were some lesser declines observed in glu-
cose measures during chromium supplementation in
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Figure 3 Continued

70% of studies (14 of 20) with FPG measures, in 43% of
studies (6 of 14) with HbAlc measures, and in 38% of
studies (6 of 16) with both measures. But, as can be seen
in Figures 2 and 3, declines were small, and in some
cases declines were seen in the placebo arms as well,
suggesting that the use of hypoglycemic medications
and lifestyle modifications had also changed.

As seen in Figure 1, the majority of the studies (16
of 20) involved patients who were also taking hypogly-
cemic drugs, usually oral hypoglycemic agents, as well
as chromium supplements. One study of patients who
were not receiving hypoglycemic medications was of
particular interest and was therefore examined in
greater depth in an attempt to discover similarities that
might account for the favorable responses. The Sharma
et al.”’ trial enrolled subjects in India with newly diag-
nosed T2DM. Although it was small (n =20 subjects)
and its duration was only 12 weeks, it was well con-
trolled and employed an ITT design, so that the
strengths of randomization were preserved. The drop in
FPG from 10.9 to 5.8 mmol/dL (or from 196 to 104 mg/
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dL) after supplementation was impressive. In that study,
the chromium supplement alone brought the mean
FPG of patients into the normal range without the use
of hypoglycemic drug therapy. Clinically meaningful
drops were also evident in HbAlc, although variability
in response was considerable, perhaps suggesting differ-
ential adherence.

In addition to the Sharma et al.”” study, there were
2 other trials of patients who did not take hypoglycemic
medications, but the analysis of study results was
flawed. The Mossop,”” trial conducted in Africa,
showed decreases in FPG, but the number of dropouts
was considerable (of the 39 patients at baseline, only 13
on the chromium intervention completed the study),
and noncompliers and dropouts were excluded from
the analysis (ie, per-protocol, not ITT). Thus, it was dif-
ficult to ascertain whether there was a supplementation
effect. The trial by Anderson et al.,'® done in China us-
ing very high doses of chromium picolinate (1000 pg/
d), was larger (n = 60) and longer (16 wk) than the prior
study. However, it also used a per-protocol design that
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focused only on completers (52 of 60) in the 1000-ug
arm, and so here, too, the principles of randomization
were violated. Mean values prior to supplementation
were not provided for the 200-pug arm, thus precluding
an analysis.

EVALUATING THE IMPACT OF CHROMIUM ON
GLYCEMIC CONTROL, DESPITE HETEROGENEITY
IN STUDIES

Chromium supplements on the market today vary
widely in dose (usually providing and rarely exceeding
~500 pg/serving) and form (brewer’s yeast, chromium
picolinate, chromium chloride, and other proprietary
formulations). The manufacturers of 3 trademarked
chromium-containing supplements (Chromax[chro-
mium picolinate], ChromeMate [chromium polynicoti-
nate], and Zychrome [chromium diniccocysteinate])
have self-declared that their formulations are generally
recognized as safe (GRAS).”” The present analysis re-
vealed so many other factors that varied between the
studies that it was impossible to determine if the form
or the dose of the supplement had clinically significant
effects. For example, as shown in Figure 1 and further
detailed in Table S1 in the Supporting Information on-
line, those studies in which subjects were consuming a
chromium supplement at >500 pg/d concurrent with
hypoglycemic drugs numbered only 5 and reflected 3
different formulations of chromium: picolinate, chro-
mium III, and a yeast preparation, thus making inter-
pretation of any trends impossible.

Six meta-analyses of RCTs on the topic of chro-
mium supplements and glucose metabolism in T2DM
patients and published between 2001 and 2014 met the
criteria established for this review. Many included the
same studies, so the analyses were not independent.
Two-thirds (4 of 6) of them concluded that chromium
supplements had a significant and positive effect on
lowering FPG or HbAlc in patients with T2DM.
However, it is questionable whether the totality of the
evidence could be synthesized in a meaningful meta-
analysis of these meta-analyses because the trials were
so heterogeneous in treatment groups, study duration,
forms of chromium, methods of analysis, and other
characteristics. Even in the meta-analysis by Patal
et al,'"" with criteria that were restricted to T2DM sub-
jects on chromium picolinate for more than 3 months,
extremely high levels of heterogeneity were noted on
statistical testing, suggesting that other possible vari-
ables were influencing outcomes and were not con-
trolled, which led the authors to conclude that a strong
recommendation to use supplements was not justified.

The quality of some of the extant meta-analyses
was also questionable. None of the 6 meta-analyses
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specifically stated whether they followed the PRISMA
guidelines.”® Two authors used the Cochrane
Collaboration review template,'*'* and one meta-analy-
sis was performed under contract with the Agency for
Healthcare Quality and Research, with rigorous descrip-
tions of each study.'” Both the meta-analysis by Balk
et al.'” and the first meta-analysis published in 2002°
were published before the PRISMA guidelines were
released.

Much different and less positive conclusions were
reached in the present narrative review than in the meta-
analyses. As Sigman® described so well, meta-analyses
often combine studies with dissimilar populations, dispa-
rate inclusion and exclusion criteria, and designs of dif-
ferent rigor for statistical analysis as well as many other
discrepancies and subjective decisions that may have had
significant impacts on the conclusions. Moreover, the
presence of statistical significance in the meta-analyses
did not signify that clinically significant decreases were
achieved. Thus, the completeness and consistency of sys-
tematic reviews and meta-analyses are dependent on the
validity and overall strength of the primary studies that
they include. It is important for researchers to provide
an adequate description of the methodology employed in
their studies to make it possible to replicate them.
Randomized controlled clinical trials in nutrition are
particularly challenging. Nutrient effects are typically
polyvalent in scope, with small effect sizes that may be
within the “noise” range of biological variability, and are
often of a sigmoid character, with useful responses occur-
ring only across a portion of the intake range. In con-
trast, drug effects tend to be monovalent, monotonic,
and larger in their effect sizes and have responses that
vary in proportion to dose.”’ Standardized procedures
have been developed to support provision of the evidence
needed for credible systematic reviews involving dietary
constituents,'®”"”> but not all published systematic stud-
ies or meta-analyses use them.

The results of the present analysis might appear at
first glance to be at variance with a recent cross-sectional
analysis of the National Health and Nutrition
Examination Survey, which found that a quarter of those
who are supplement users in the United States consumed
chromium-containing supplements and that the odds of
having T2DM were lower in those who did so.”
However, less than 1% of those taking chromium supple-
ments were consuming supplements that listed chro-
mium in the product title on the label, suggesting single-
ingredient supplement use. Moreover, it is well known
that supplement users tend to be healthier, less likely to
be overweight, and different in many other respects that
may have affected the risk of T2DM.

Readers often find it surprising that meta-analyses
of seemingly the same question come to very different
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conclusions, as was the case in this exercise. Although
the meta-analyses seemed to ask the same questions,
upon further inspection it was found that the study
populations of patients with T2DM varied in many of
their comorbidities, in whether they were simulta-
neously being treated with oral and other hypoglycemic
agents in the dose, form, and type of the chromium
supplement provided, and in the duration of supple-
mentation. In 10 studies, results in the placebo arm also
decreased during supplementation, suggesting that hy-
poglycemic medications or lifestyle modifications may
have also changed during the experimental periods. It is
not appropriate to perform meta-analyses of studies
that show considerable variability in treatment and pop-
ulations. This variability hampered comparison of the
studies with each other and made it difficult to answer
the clinically relevant questions that were posed. The
meta-analyses were published in years ranging from
2002 to 2014, with the result that some studies were
omitted in the earlier meta-analyses simply because the
RCTs were published after the review had been
completed.

Although many RCTs on chromium supplements
had been performed, studies with well-defined types of
chromium and supplement doses using patients with
T2DM who were not taking other hypoglycemic drugs
and were analyzed using ITT designs were very few and
were performed only in small numbers of subjects. The
possibility of pleotropic effects due to these and other
causes cannot be excluded. Finally, it was disappointing
that many of the RCTs lost the advantages of causal in-
ference of the randomization because they analyzed
only the completers (per-protocol analysis) and did not
employ an ITT design. The meta-analyses, therefore,
came to somewhat different conclusions because of the
myriad ways in which they differed from each other, al-
though they seemed to address the same question.

The present examination of mean changes in FPG
and HbAlc from pre- to postsupplementation in the ac-
tual clinical trials that were evaluated gave a somewhat
clearer picture, but the effects were not impressive. The
total number of studies in which mean changes reached
treatment goals were at 20% at best; 3 out of 14 for
HbAlc and 5 out of 20 for FBG, or 1 out of 14 studies
for both.

In patients with diabetes, a chromium supplement
had, at best, a small positive beneficial effect in lowering
FPG and HbA1lc when it was added to a standard hypo-
glycemic medication schedule. Although there were a
few studies in which there were significant FPG or
HbAlc decreases with the chromium supplement, both
of these biomarkers, when taken together, decreased in
these medicated diabetic patients in only 7 of 14 studies
(50%). The effects noted in the supplemented groups
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could have been due not to the chromium supplement
itself, but were likely attributable to the hypoglycemic
medications and lifestyle advice the patients received as
well as to changes in adherence to these over the course
of the supplement trial. Such changes in adherence dur-
ing supplementation may have accounted for some or
all of these changes. The presence of a placebo some-
what, but not totally, allayed these concerns.

The findings of this review are in line with those of
several authoritative groups. In 2012 the Canadian
Diabetes Association Clinical Practice Guidelines
Expert Committee stated that dietary supplements
(called natural health products in Canada) were not rec-
ommended for glycemic control in individuals with dia-
betes because at that time there was insufficient
evidence regarding efficacy and safety (grade D, con-
sensus finding). The Canadian review stated that the
studies on chromium appeared to report conflicting ef-
fects on HbA1C in patients with T2DM in trials of at
least 3 months.”* In 2014 the American Diabetes
Association’s Standards of Care noted there was insuffi-
cient evidence to support the routine use of micronutri-
ents such as chromium to improve glycemic control in
people with diabetes, and they gave the practice a grade
of C.* The findings of the present review uphold these
recommendations and provide additional support for
the existing guidelines.

In addition to efficacy, the safety of chromium sup-
plements is an issue of concern in the studies discussed
in this review, since only half (11 of 20) of the RCTs ad-
dressed adverse events. In those studies that did report
adverse events, mostly minor side effects were noted,
such as skin rash, constipation, and other gastrointesti-
nal symptoms (ie, decreased appetite and flatulence).
The National Toxicology Program stated in 2003 that
chromium picolinate, the form of trivalent chromium
most widely used in dietary supplements, was one of
the least toxic of the nutrients, that it lacked toxic ef-
fects, and that it was unlikely that doses up to 1000 pg/d
would be toxic.”” Therefore, although there may be little
evidence of concern about the lack of safety of chro-
mium supplements at the dose levels used in the studies
this review, whether these products have clinically
meaningful effects on glycemic control remains to be
determined.

The strengths of this study are that it included all
available RCTs addressing the clinical question posed
and is, as far as can be determined, the most up-to-date
systematic review of the topic, with detailed consider-
ation of dose and duration of supplementation in
T2DM patients, most of whom were already on medica-
tion and presumably counseled to make lifestyle
changes. One limitation of the study is that means,
rather than individual clinical data, were used. A second
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limitation may be the outcome criteria that were used.
This review focused on FPG and HbAlc, which are
widely accepted biomarkers that the American Diabetes
Association recommends for diagnosing and monitor-
ing diabetic status. Fasting plasma glucose levels are
used by Medicare for the diagnosis of diabetes and are
also used by the US Food and Drug Administration to
ascertain the efficacy of dietary supplements and drugs.
It is possible that more complex procedures for diag-
nosing and monitoring treatment effects in T2DM pa-
tients might give different results These include
calculating the area under the curve for blood glucose
or insulin response over time after a standard glucose
challenge, or applying the homeostatic model assess-
ment of insulin resistance, which is often used to de-
scribe the degree of glycemic impairment. However, the
threshold levels used to define insulin resistance in the
homeostatic model assessment of insulin resistance
vary, and values may also be age and gender specific’®;
moreover, for practical purposes, these tools are rarely
used clinically.

CONCLUSION

In conclusion, after a thorough review of RCT's relevant
to the issue, there is still little reason to recommend
chromium dietary supplements to achieve clinically
meaningful improvements in glycemic control. Major
safety issues were not present in these studies. It is rec-
ommended that healthcare practitioners urge patients
with T2DM to continue using their prescribed hypogly-
cemic agents and make appropriate lifestyle changes in
diet and physical activity. Future meta-analyses should
include only high-quality studies with similar forms of
chromium and comparable inclusion/exclusion criteria
to provide scientifically sound recommendations for cli-
nicians. Until adequately powered trials that control for
issues of nutrient formulations, bioavailability, back-
ground diets, and medication use provide more conclu-
sive evidence of the efficacy of chromium supplements,
the support at present for health professionals to recom-
mend the use of chromium supplements for glycemic
control in patients with diabetes is lacking.
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