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Abstract

Purpose: To evaluate the effects of chromium (Cr) and magnesium (Mg) ions on metabolic profiles, inflammation, and
oxidative stress with impaired glucose tolerance (IGT) and insulin resistance (IR).
Methods: 120 individuals with IGT and IR were randomly divided into four groups treated with (1) chromium, (2)
magnesium, (3) chromium and magnesium or (4) placebo. Metabolic and inflammatory indicators were measured at
baseline and after 3 months intervention.
Results: Comparison among groups showed that fasting plasma glucose (FPG), 2 h post glucose (2hPPG), fasting insulin
(FINS) and homeostatic model assessment for insulin resistance (HOMA-IR) in Cr + Mg group were significantly decreased
compared with the other three groups (p < .05), and high density lipoprotein (HDL-c) levels were higher. 8-iso pros-
taglandin F2 alpha (8-iso-PGF2a) decreased in Cr, Mg, and Cr + Mg groups compared with placebo (p < .05), and 8-iso-
PGF2a decreased in Cr + Mg groups compared with Cr group and Mg groups (p > .05). Intra-group comparison showed
that the levels of FPG, 2hPPG and FINS in Cr + Mg group were significantly decreased after intervention (p < .05), and FINS
in Mg group was significantly decreased (p < .01). The levels of HDL-c and triacylglycerol (TG) in Cr + Mg group were
significantly improved (p < .05). The level of HDL-c in Mg group was significantly improved compared with baseline (p <
.05). Compared with baseline, high-sensitivity C-reactive protein (hsCRP) levels in Cr + Mg group and Mg group were
significantly decreased (p < .05).
Conclusions: The co-supplementation of Cr and Mg improves glycemic and lipid levels and reduces the inflammatory
response and oxidative stress profiles of individuals with impaired glucose tolerance and insulin resistance.

Keywords
Chromium, magnesium, impaired glucose tolerance, insulin resistance

1Department of Endocrinology, Affiliated Qingdao Central Hospital, Qingdao University, Qingdao, China
2Department of Endocrinology, NingJin County People’s Hospital, Xingtai, China
3College of Medicine, Qingdao University, Qingdao, China
4Department of Pharmacy, Qingdao Central Hospital, Qingdao, China

*Yang Zhao and Mengmeng Zhou contributed equally to the work presented here and should therefore be regarded as equivalent authors.

Corresponding authors:
Hai Yang, Department of Pharmacy, Qingdao Central Hospital, No. 127, South Siliu Road, Qingdao 266042, China.
Email: Cz1378239226@163.com

Fanghua Zhang, Department of Endocrinology, Qingdao Central Hospital, No. 127, South Siliu Road, Qingdao 266042, China.
Email: fangh0121@163.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the

SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://uk.sagepub.com/en-gb/journals-permissions
https://doi.org/10.1177/14791641241228156
https://journals.sagepub.com/home/dvr
https://orcid.org/0009-0006-9229-1942
mailto:Cz1378239226@163.com
mailto:fangh0121@163.com
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage


Introduction

Impaired glucose tolerance (IGT) is a risk factor for the
development of both diabetes and cardiovascular disease,
which has dramatically increased in recent years.1,2 Cur-
rently some 6.9% of the global population (316 million
people) have IGT, a figure expected to rise to more than
470 million by 2035.3 More than 9.7% of Chinese adults
have diabetes.4 Studies have shown that the prevalence of
isolated IGT (19.98%) is approximately twice that of
isolated impaired fasting glucose (IFG) (8.14%). The in-
creased costs associated with managing the consequences
of IGT and Type 2 Diabetes mellitus (T2DM) emphasise
the need to reduce the conversion rate of IGT to T2DM.5,6

Chromium (Cr) is a ubiquitous metal which naturally
occurs in water, soil and biological systems. Trivalent
chromium is an important nutrient element in both animals
and human nutrition.7 As a micronutrient, chromium has
the potential to improve glucose tolerance due to effects on
insulin resistance, glucose metabolism, insulin secretion,
muscle mass and, ultimately, the prevention of diabetes.8,9

Magnesium (Mg) is an abundant intracellular ion which has
an important role in regulating insulin action and sensi-
tivity.10 Hypomagnesemia has been independently relevant
to the development of IGT.11 In randomized controlled
trials (RCTs), Mg supplementation improved glycemic
control and insulin resistance (IR) in both frank diabetes,
and healthy, overweight adults.12,13

Although some studies have focussed on supplemen-
tation with either Cr or Mg alone to reduce glucose, there
have been no studies to assess the co-supplementation of Cr
and Mg on glucose and lipid metabolism in IGT, and such
treatment on inflammation, and oxidative stress. Hence, we
hypothesized that Cr and Mg co-supplementation would
significantly improve glucose and lipid metabolism
through improving inflammation and oxidative stress,
compare to either Cr or Mg alone. Therefore the influence
of Cr and Mg alone or in combination on glucose ho-
meostasis and lipid levels, and markers of inflammation
and oxidative stress were evaluated at baseline and after
3 months intervention in 120 IGT individuals with IR.

Materials and methods

Participants

A total of 120 participants were recruited from the Second
Affiliated Medical College of Qingdao University between
February 2012 and February 2015. A total of 365 subjects
were initially screened, and after excluding individuals
with renal failure, inflammatory diseases, cancer, liver and
thyroid diseases, and those who were pregnant or lactating,
120 eligible participants were enrolled in the study
(Figure 1). The inclusion criteria for the study were as

follows: individuals aged between 18 and 65 years, with
BMI ranging from 19 kg/m2 to 28 kg/m2, fasting plasma
glucose (FPG) levels below 7.0 mmol/l (126 mg/dl), 2-h
post glucose load levels between 7.8 mmol/l (140 mg/dl)
and 11.1 mmol/l (200 mg/dl), and homeostatic model
assessment for insulin resistance (HOMA-IR) levels
greater than 1. Exclusion criteria included individuals with
hypermagnesemia, high Cr levels, or those taking Cr and
Mg supplements. All participants provided written in-
formed consent.

Study design

This study was designed as a double-blind randomized
placebo-controlled trial. A total of 120 individuals who met
the inclusion criteria were randomly assigned to one of four
groups: the Cr group, Mg group, and Cr + Mg group and
placebo group, .In the Cr group (n = 30) received 160 µg of
Cr yeast capsules and 400 mg of vitamin C per day. TheMg
group (n = 30) received 200 mg of Mg and 400 mg of
vitamin C per day. The placebo group (n = 30), participants
were given 400 mg of vitamin C daily. Lastly, the Cr + Mg
group (n = 30) received 160 µg of Cr yeast capsules,
200 mg of Mg, and 400 mg of vitamin C per day. This
treatment regimen was followed for a period of 3 months.
All participants were advised to receive a total caloric
intake of 30 kcal/kg of ideal body weight per day and
advised to consume a diet with 40% carbohydrates, 40%
lipids, and 20% proteins. Additionally, it was suggested
that they engage in physical activity at least three times a
week for a minimum of 30 min.

Blood sample collection

To quantify metabolic profiles, blood samples were taken
during the study’s baseline (month 0) and again after
3 months of intervention (month 3). These samples were
collected in the early morning following an overnight fast.
Additionally, the participants’ liver and kidney functions
were assessed every 2 weeks. If a participant’s kidney
creatinine level exceeded the normal level on 3 occasions,
they were excluded from further participation in the trial.
This trial was registered at Chinese Clinical Trials Registry
(chictr.org.cn) under the registration number chiCTR-
TRC-14004863.

Assessment of anthropometric variables

Body weight and height were measured at baseline and
body weight again at 3 months. BMI was calculated as the
weight in kg divided by the height in meters squared. Waist
circumferences were measured at the minimum circum-
ference between the iliac crest and the last rib. Hip cir-
cumferences were measured at the maximum protuberance
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of the buttocks. Waist to hip ratios (WHR) were calculated
as the waist divided by hip circumferences.

Assessment of blood biochemical parameters

Blood samples were centrifuged (Thermo Scientific Sorvall
ST 8R, America) at 3000 r/min for 10 min to collect serum.
Then, the samples were stored at �80 C before analyses.
The following parameters were assayed using an
OLYMPUS AU2700 automatic biochemical analyzer:
FPG,triglycerides cholesterol (TC), triacylglycerol (TG),
high density lipoprotein-cholesterol (HDL-c) and high-
sensitivity C-reactive protein (hsCRP). Serum insulin
was assessed by a Cobase601 fully automatic immune
analyzer. Serum 8-iso prostaglandin F2 alpha (8-iso-
PGF2a) was assayed using an ELISA kit (Wuhan Cloud
Clone Corp. Chemical Technology). Beta cell function and
IR were evaluated from the HOMA-IR values calculated
using a previously described equation.14

Measurement of Cr and Mg levels in RBCs

Total Cr and Mg levels in RBCs were measured after
microwave digestion. Briefly, 6 mL nitric acid were added
to 0.05 g RBCs, and soaked for 1 h. The resulting solutions
were analysis by ICP-MS (Agilent 7500cx, Santa Clara,
CA, USA).15

Statistical analysis

The data analysis was conducted using the Statistical Package
of Social Sciences (SPSS) program (version 27.0). The

distribution of variables was tested by the Shapiro-Wilk test.
In the data statistical analysis, FPG, TC, WHR, low density
lipoprotein cholesterol (LDL-c), HDL-c, TG, and BMI follow
a normal distribution, while HOMA-IR, 2 h post glucose
(2hPPG), hsCRP, 8-iso-PGF2a, and fasting insulin (FINS) do
not follow a normal distribution. Values with normal distri-
bution were expressed as mean ± standard deviation, while
those without normal distribution were shown as median and
interquartile range. Depending on the distribution of variables,
a comparison between the groups was performed by the
ANOVA test, and Kruskal–Wallis test followed by Mann-
Whitney U-test. Paired t test is used for intra-group com-
parison. Additionally, since variables were not normally
distributed, correlations were assessed by Spearman’s test.

Results

This study initially selected 120 research subjects who met the
inclusion criteria. After 12 weeks of intervention, a total of
115 participants successfully completed the study. One par-
ticipant from the placebo group, one from the Cr group, two
from the Mg group, and one from the Cr + Mg group were
excluded due to lost contact or being diagnosed with cancer.
As shown in Table 1, the baseline characteristics including age,
weight, metabolism, inflammatory response, oxidative stress,
and other indicators did not differ among the four groups.

Effects of Cr and Mg combination on glucose and IR

The Cr + Mg group showed a significant decrease in FPG
(p < .05), 2hPPG and HOMA-IR compared to placebo, and
the Cr andMg groups (p < .05);The Mg group and Cr +Mg

Figure 1. Flow chart of participants through the study.
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group had lower FINS compared to the placebo group and
Cr group (p < .05) (Table 2).

In the Cr + Mg group, there were significant reductions
in FPG, 2hPPG, and FINS levels after intervention
(p < .05). Compared with baseline,the FINS index in the
Mg group evidently decreased (p < .01), while FPG and
2hPPG revealed no statistically significant difference
(p > .05);The Cr and placebo groups also showed no
changes in FPG, FINS, and 2hPPG levels (p > .05);There
were non significant minor reductions in HOMA-IR in all
four groups.

Effects of Cr and Mg combination on lipids

The Cr + Mg group had higher HDL-c levels compared to
the placebo group (1.67 vs 1.38) (p < .05). No significant
differences were observed in the comparison between the
other groups (p > .05) as shown in Table 2. TheWHR in the
Cr + Mg group was also significantly lower than that in the
control group at 3 months (p < .05).

Compared with baseline, the HDL-c and TG levels in
the Cr + Mg group were significantly improved (p < .05).
However, there were no significant differences in TC or
LDL-c levels (p > .05). We noted a significant improve-
ment in HDL-c levels over the baseline level in the Mg
group (p < .05), TG exhibited a decrease relative to
baseline P > 0.05), the levels of TC and LDL were elevated
compared to baseline levels. There were no differences in
lipids between the placebo group and the Cr group
(p > .05). The study also found a significant reduction in the
WHR in the Cr + Mg group (0.89 [SD 0.05] vs 0.84 [SD
0.06]) (p < .05)compared to baseline. There were no dif-
ferences in the other three groups (p > .05).

Effects of Cr and Mg combination on inflammation
and oxidative stress

Compared with placebo, the Cr group, Mg group, and Cr +
Mg group showed a decrease in 8-iso-PGF2a (p < .05). The
Cr + Mg group displayed a fall in 8-iso-PGF2a contrasted
with Cr group and Mg group (p < .05).

A significant improvement in hsCRP levels occurred in
both the Cr + Mg group and the Mg group compared to
baseline (p < .05). Levels of hsCRP in the placebo and Cr
groups were unchanged,the levels of 8-iso-PGF2a in the
four groups had a slightly greater. There were overall
differences in 8-iso-PGF2a between all four
interventions (P < 0.05).

Supplementation of Cr or/and Mg has no effect on
Cr and Mg levels

There are no significant differences in four groups between
baseline and after 3 months treatment in Cr And Mg levels.

Discussion

In this double blind, randomized, placebo-controlled
clinical trial, individuals with IGT and IR were treated
with co-supplementations of Cr and Mg. The study found
that co-supplementation of Cr and Mg resulted in signif-
icant reductions in hsCRP and 8-iso-PGF2α levels, as well
as FBG, 2hPPG, FINS, WHR, and HOMA-IR levels.
Additionally, co-supplementation significantly improved
serum HDL-c levels.

Previous studies have shown positive effects of Cr alone
in lowering blood glucose and serum lipids levels thereby

Table 1. Baseline characteristics of the study participants.

Placebo (n = 30) Chromium (n = 30) Magnesium (n = 30) Chromium + Magnesium (n = 30)

Age (years) 50.89 ± 8.06 53.87 ± 8.73 52 ± 7.75 51 ± 9.05
Gender, male (%) 12 (40%) 18 (60%) 27 (90%) 21 (70%)
BMI(kg/m2) 23.67 ± 3.09 23.80 ± 1.54 24.37 ± 1.89 24.40 ± 1.80
Fasting glucose (mmol/L) 5.85 ± 0.50 5.85 ± 0.77 5.77 ± 0.98 5.77 ± 0.56
2 h glucose (mmol/L) 9.28 ± 0.53 9.41 ± 0.79 9.45 ± 0.81 9.51 ± 1.03
Fasting Insulin (uU/ml) 12.40 ± 5.77 13.44 ± 8.35 13.99 ± 7.95 12.48 ± 8.75
HOMA-IR 3.27 ± 1.76 3.35 ± 2.70 3.00 ± 3.00 2.18 ± 1.67
Triglyceride (mg/dl) 2.15 ± 1.03 2.08 ± 0.66 2.11 ± 1.12 2.13 ± 0.79
Total cholesterol (mg/dl) 5.08 ± 0.89 5.11 ± 0.95 4.93 ± 0.76 5.12 ± 0.96
LDL-cholesterol (mg/dl) 3.21 ± 0.86 3.26 ± 0.82 3.42 ± 0.95 3.23 ± 1.31
HDL-cholesterol (mg/dl) 1.33 ± 0.32 1.33 ± 0.31 1.28 ± 0.34 1.21 ± 0.21
Waist hip ratio 0.88 ± 0.06 0.89 ± 0.06 0.89 ± 0.06 0.89 ± 0.05
hsCRP (mg/L) 2.43 ± 1.46 2.50 ± 1.49 2.42 ± 1.46 2.36 ± 1.13
8-iso-PGF2a (pg/ml) 67.89 ± 11.03 66.71 ± 8.72 68.03 ± 6.88 67.51 ± 8.95

*Where applicable, values are expressed asMean ± SEM andmedian and interquartile range. No significant differencewas observed among the groups (p> .05).
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delaying the onset of diabetes.16 However, most of these
studies were not conducted in individuals with IGT and IR.
Our findings suggest that combined Cr and Mg co-
supplementation may improve both the glycemic status
of individuals with IGT and IR and measures of inflam-
mation and oxidative stress. In a previous study by
Whitfield the addition of cinnamon, Cr and Mg to kanuka
honey were not associated with significant improvements
in glucose metabolism or glycemic control in individuals
with T2DM.17 However, other studies have shown a sig-
nificant improvement in body weight and blood lipid pa-
rameters.18 It is important to note that the previous studies
involved individuals with T2DM, while our study focused
on individuals with IGT and IR. This provides an oppor-
tunity to study the effects of combined Cr and Mg sup-
plementation during the specific period before the onset of
T2DM. Based on our findings, combined Cr and Mg co-
supplementation of individuals with IGT and IR may be
beneficial for controlling glycemic and IR profiles.

Our study found that co-supplementation of Cr and Mg
resulted in a significant increase in serum HDL-c levels.
This is consistent with the findings of previous studies by
Whitfield and Parry-Strong, which also reported improved
lipid parameters in groups receiving combined supple-
mentation compared to placebo groups.17 However, Gui-
maraes et al. did not find a significant effect of Cr or Mg
supplementation on lipid levels.19 The role of co-
supplementation in preventing obesity and weight loss
has been debated in previous studies, with conflicting

findings. In our study, combined Cr and Mg supplemen-
tation improved WHR, potentially indicating a positive
influence on metabolic profiles.

Several mechanisms may explain the influence of Cr
and Mg co-supplementation on metabolic profiles. Cr
enhances insulin sensitivity by promoting insulin binding
to cells, increasing insulin receptor numbers, and en-
hancing insulin receptor kinase activity.20 Research by
Martin has shown that Cr picolinate may enhance insulin
sensitivity, improve glucose control, and facilitate weight
loss.21 Glucose loads have been associated with transient
endothelial dysfunction in individuals with diabetes and
IGT. Endothelial dysfunction is directly related to IR and
hyperglycemia and is also related to an increased risk of
developing diabetes.22 Studies have indicated that Cr
supplementation significantly improved endothelial func-
tions.23 The positive effects of Cr on endothelial functions
may have been subtle and not fully captured by our rel-
atively crude metabolic measurements. Hyperglycemia has
been shown to deplete intracellular free Mg and elevate
intracellular calcium levels. A recent meta-analysis has
suggested that higher Mg intake may lead to reduced FPG
and circulating insulin concentrations.24 Mg supplemen-
tation could increase insulin secretion and improve the
ability of beta-cells to compensate for changes in insulin
sensitivity in healthy individuals.25 Mg intake has also
been strongly and negatively correlated with metabolic
syndromes. Hypomagnesemia has been independently
associated with the development of IGT.26 Our study

Table 2. Effects of chromium, magnesium and their combination on anthropometric measurements and hsCRP,8-iso-PGF2a in impaired
glucose tolerance people after 3 months of intervention.

n BMI (kg/m2)
Fasting glucose
(mmol/L)

Fasting Insulin
(uU/ml)

2 h Glucose
(mmol/L) HOMA-IR Waist hip ratio

Placebo 29 24.29 ± 3.43 6.38 ± 1.32 12.29 ± 6.48 9.00 ± 1.83 3.17 ± 2.24 0.90 ± 0.07
Chromium 29 23.37 ± 2.27 5.66 ± 2.30 10.95 ± 4.90 8.88 ± 2.91 3.25 ± 2.56 0.88 ± 0.05
Magnesium 28 23.50 ± 2.45 5.33 ± 0.63 9.63 ± 5.51* 8.52 ± 2.51 2.91 ± 1.34 0.88 ± 0.05
Chromium +
Magnesium

29 23.40 ± 2.66 5.02 ± 1.40* 8.99 ± 5.36* 7.00 ± 2.60* 1.48 ± 0.86* 0.84 ± 0.06*

p 0.52 0.024 0.156 0.027 0.043 0.017

n Triglyceride
(mmol/L)

Total cholesterol
(mmol/L)

LDL-cholesterol
(mmol/L)

HDL-cholesterol
(mmol/L)

hsCRP
(mg/L)

8-iso-PGF2a
(pg/ml)

Placebo 29 1.98 ± 1.13 4.90 ± 0.98 3.13 ± 0.90 1.38 ± 0.34 2.59 ± 1.21 61.71 ± 7.96
Chromium 29 1.55 ± 0.78 5.27 ± 1.23 3.51 ± 1.24 1.46 ± 0.30 2.50 ± 1.34 52.83 ± 5.72*
Magnesium 28 1.53 ± 1.21 5.59 ± 1.28 3.80 ± 1.17 1.49 ± 0.35 1.74 ± 0.88* 56.33 ± 6.46*
Chromium +
Magnesium

29 1.57 ± 0.48 4.81 ± 0.75 3.23 ± 0.61 1.67 ± 0.51* 1.47 ± 0.65* 40.37 ± 6.12*

p 0.215 0.059 0.105 0.048 0.000 0.000

Data as mean ± SEM and as median and interquartile range.
HDL, high-density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance; LDL, low-density lipoprotein; OGTT, oral glucose
tolerance test;HOMA-IR = fasting plasma insulin (µIU/mL) × fasting plasma glucose(mmol/L) × 22.5.
*p < .05 was considered to be statistically significant.
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further demonstrated that co-supplementation of Cr and
Mg can improve the inflammatory response and reduce
oxidative stress in individuals with IGT.

Oxidative stress plays a significant role in the de-
velopment and progression of IGT and T2DM. A reliable
biomarker of oxidative stress is 8-iso-PGF2α, which
forms through free radical-catalyzed attacks on arach-
idonate.27 Elevated levels of 8-iso-PGF2α indicate lipid
peroxidation, further underscoring the presence of oxi-
dative stress in IGT.28 Hyperglycemic conditions stim-
ulate the generation of reactive oxygen species (ROS)
through various enzymatic and non-enzymatic path-
ways, including glucose oxidative phosphorylation.29

The measurement of 8-iso-PGF2α can serve as a de-
pendable marker for assessing the extent of oxidative
stress in individuals with IGT. Given the role of oxi-
dative stress in the pathogenesis of IGT, exploring
mechanism-based therapeutic approaches holds promise
for future research.

The relationship between chronic inflammation and IGT
has also been extensively established. HsCRP is commonly
employed as an indicator of inflammation. Studies con-
sistently demonstrate significantly elevated hsCRP levels
in individuals with IGT, with a strong association between
increased hsCRP levels and the presence of IGT.30 This
finding supports the concept that chronic low-grade in-
flammation is a risk factor for the development of T2DM.
Similar results have been reported by Simental-Mendia
et al., who found an association between elevated hsCRP
levels and prediabetes.31 Some studies have indicated that
oral Mg supplementation significantly decreases hsCRP
levels in apparently healthy subjects with prediabetic in-
dicators. Furthermore, joint Cr-Mg supplementation might
improve the inflammatory and oxidative stress status of
individuals with insulin resistance and IGT. In our study,
co-supplementation of Cr and Mg resulted in a significant
reduction in hsCRP and 8-iso-PGF2α levels, while no
significant effects were observed with Cr or Mg supple-
mentation alone. Therefore, the reduction of ROS and
chronic inflammation may contribute to the underlying
mechanisms of treating IGT.

However, this study has some limitations. The use of the
HOMA-IR method for assessing β cell insulin resistance
may have limitations in certain populations. The relatively
short duration of the study limits our understanding of the
long-term effects of Cr and Mg co-supplementation.
Nevertheless, it’s important to note that no toxic effects
were observed with the supplements, and the daily sup-
plementation of 400 micrograms of Cr was found to be safe
and well-tolerated.

In conclusion, our study suggests that co-
supplementation of Cr and Mg can improve glycemic
status and lipid profiles in individuals with IGT and IR.
This combined treatment was more effective than receiving

Cr or Mg alone and was associated with reduced inflam-
mation and oxidative stress. Co-supplementation of Cr and
Mg may serve as an adjunct therapy for individuals with
IGT, and it may also hold potential for preventing the
development of diabetes in individuals with IR or predi-
abetes. Further research at the molecular level is needed to
confirm the roles of Cr and Mg in correcting hypergly-
cemia, insulin resistance, inflammation, and oxidative
stress.
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