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Abstract
Backgroud

Chromium has been suggested playing a role in alleviating diabetes, insulin resistance and lipid
anomalies, but the effect on MetS in humans remains controversial.

Methods

We conducted a matched case-control study in a Chinese population, involving 2,141 MetS cases and
2,141 healthy controls, which were 1:1 matched by age (±2 years) and sex. Plasma chromium was
measured by inductively coupled plasma mass spectrometry.

Results

Plasma chromium levels were lower in MetS group than in control group (median: 4.23 μg/L and 4.46
μg/L, respectively, P < 0.001), and progressively decreased with the number of MetS components ( P for
trend <0.001). After adjustment for potential confounding factors, the odds ratios (95% con�dence
intervals) for MetS across increasing quartiles of plasma chromium levels were 1 (reference), 0.84 (0.67-
1.05), 0.76 (0.61-0.95), and 0.62 (0.49-0.78), respectively ( P for trend < 0.001). For the components of
MetS (high waist circumference, high triglycerides and high blood glucose), the odds ratios (95%
con�dence intervals) of the highest quartiles were 0.77 (0.61-0.95), 0.67 (0.55-0.80), and 0.53 (0.44-0.64),
respectively ( P for trend < 0.05).

Conclusions

Our results indicated that plasma chromium levels were inversely associated with MetS in Chinese adults.
The association may be explained by the relations between plasma chromium levels and high waist
circumference, and the triglycerides and blood glucose levels.

Introduction
Metabolic syndrome (MetS), known as a constellation of metabolic abnormalities, which includes
abdominal obesity, high triglycerides, low high-density lipoprotein (HDL) cholesterol, high blood pressure,
and elevated fasting blood glucose, is now both a public health and a clinical problem. MetS is epidemic
all over the world and its incidence has been rising year-on-year [1]. Recent data indicated that about
33.9% of the adults in Mainland China had MetS [2]. In addition, MetS has been realized a major
contributor to the epidemic of cardiovascular disease and type 2 diabetes mellitus [3], and it may increase
the risk of mortality [4].

Chromium is an essential trace element, which has been suggested playing a potential role in alleviating
diabetes, insulin resistance and lipid anomalies. The bene�cial mechanism has been investigated in
experimental studies [5–9]. However, the epidemiological evidence of the protective effect of chromium
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on MetS is very limited, and has inconsistent conclusion so far. A 23-year follow-up study indicated that
toenail chromium levels were inversely and longitudinally associated with incidence of MetS in American
young adults [10]. Moreover, This inverse association was mainly explained by its relation to blood lipids.
There was another case-control study suggesting an association between low chromium levels and
increased risk of nonfatal myocardial infarction [11]. Besides, our previous study found that plasma
chromium concentrations were inversely associated with type 2 diabetes mellitus and pre-diabetes
mellitus [12]. Yet some studies did not support the inverse relationship between chromium and MetS [13,
14]. So far, clinical trials evaluating chromium supplementation on glucose and lipid pro�les have yielded
con�icting results [15–18].

Accordingly, in this matched case-control study, we aimed to examine the association of plasma
chromium levels with MetS along with its components in a large Chinese population.

Methods

Study Population
The present study was a case-control study conducted in Wuhan, China, during the period of March 2013
to December 2017. The study population consisted of 2141 MetS cases and 2141 healthy controls, which
were 1:1 matched by age (± 2 years) and sex. All participants were aged 18 years or older, consecutively
recruited from the general population undergoing a routine health checkup in the Tongji Hospital of
Tongji Medical College, Huazhong University of Science and Technology. Patients with clinical signi�cant
neurological, endocrinological or other systemic diseases, as well as acute illness and chronic
in�ammatory or infective diseases were excluded from the study. All the participants enrolled were of
Chinese Han ethnicity. All subjects gave their informed consent for inclusion before they participated in
the study. The study was conducted in accordance with the Declaration of Helsinki, and the protocol was
approved by the Ethics Committee of Tongji Medical College.

De�nition Of MetS
The de�nition of MetS was based on the harmonized de�nition for MetS in 2009 [19]. To be considered
as a case of MetS, participants had to meet at least three of the following criteria: 1. Abdominal obesity:
waist circumference ≥ 90 cm in men and ≥ 80 cm in women; 2. Hypertriglyceridemia: ≥ 150 mg/dL; 3.
Low levels of HDL cholesterol: < 40 mg/dL in men and < 50 mg/dL in women; 4. High blood pressure: ≥
130/85 mmHg and/or use of antihypertensive medication; 5. High fasting glucose: ≥ 100 mg/dL and/or
current use of antidiabetic medication and/or self-reported history of diabetes.

Data Collection
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Demographics, health status, and lifestyle data were obtained from the questionnaires, including sex, age,
education level, history of disease (diabetes, hypertension and hyperlipemia), family history of diabetes,
physical activity, current smoking status, and current alcohol drinking status. Education level was
classi�ed as none or elementary school, middle school, and high school or college. Physical activity was
classi�ed as at least once/week or no. Current smoking and alcohol drinking was classi�ed as yes or no.
Anthropometric data including height (m), mass (kg), waist circumference and blood pressure were
measured with standardized techniques by trained and certi�ed technicians. BMI was calculated as mass
divided by the square of height (kg/m2). Waist circumference was obtained at the mid-point between the
lowest rib and the iliac crest to the nearest 0.1 cm, after inhalation and exhalation. Hip circumference was
measured at the outermost points of the greater trochanters. The ratio of waist-to-hip circumference was
used as an index of fat distribution. Blood pressure was measured at rest in the seated position using a
standardized automated sphygmomanometer after 5 minutes of rest.

Laboratory Measurements
Blood samples were collected in all participants after an overnight fast of at least 10 hours. Details of
measurement of fasting plasma glucose, fasting plasma insulin, total cholesterol, triglyceride, HDL
cholesterol, low-density lipoprotein (LDL) cholesterol and calculation of homeostasis model assessment
of insulin resistance (HOMA-IR) and HOMA of β-cell function (HOMA-β) have been described previously
[20]. Plasma malonaldehyde (MDA) was measured with an MDA assay kit (Jiancheng, Inc., Nanjing,
China).

Measurement Of Plasma Chromium Concentrations
Plasma chromium concentrations were measured in the Ministry of Education Key Laboratory of
Environment and Health and School of Public Health at Tongji Medical College of Huazhong University of
Science and Technology, using inductively coupled plasma mass spectrometry (Agilent 7700 Series,
Tokyo, Japan). Plasma samples were stored at -80 ℃. The case and control specimens were measured
randomly in the daily measurement, with laboratory personnel blinded to the case–control status. For
quality assurance, metals in standard reference materials were measured once in every 20 samples using
certi�ed reference material. The certi�ed concentrations of human plasma controls (ClinChek no. 8883
and 8884) were 3.56 ± 0.89 µg/L and 11.1 ± 2.22 µg/L, respectively. The limit of detection (LOD) for
chromium was 0.01 µg/L, and concentrations of plasma chromium levels below the LOD (0.7%) were
imputed at LOD/√2. Quality control was performed (1 out of 20 samples), and the inter-assay and intra-
assay coe�cients of variation were < 10% and < 8%, respectively.

Statistical analysis
Descriptive statistics were calculated for all demographic and clinical characteristics of the study
subjects, and summarized as numbers (percentages) for categorical data, mean ± standard deviations
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(SDs) for normally distributed data, and medians (interquartile ranges) for non-normally distributed data.
Comparisons between MetS and controls were performed by t test or Mann-Whitney U test for continuous
variables, and chi-square tests for categorical variables. In addition, subjects were divided into 6 groups
according to their possession of 0, 1, 2, 3, 4 or 5 components of MetS. Missing data were addressed by
multiple imputation.

For calculation of the odds ratio (OR) for MetS, plasma chromium concentration was categorized in
quartiles according to the control group: category 1, < 3.27 µg/L; category 2, 3.27–4.46 µg/L; category 3,
4.46–5.87 µg/L, and category 4, > 5.87 µg/L. Conditional logistic regression was used to assess the
association of MetS with plasma chromium concentrations. The ORs and 95% con�dence intervals (CIs)
of MetS were calculated between the quartiles of chromium using the lowest quartile as the reference
category, and also by per 1-SD of log-transformed chromium as continuous variable. We considered three
models with progressive degrees of adjustment: model 1 adjusted for age; model 2 additionally adjusted
for education, current smoking status, current alcohol drinking status, physical activity and family history
of diabetes; and model 3 further adjusted for BMI. Hosmer-Lemeshow tests were used to evaluate
whether the model provided a good �t. Tests of linear trend across increasing chromium quartiles were
conducted by assigning the median value to each quartile and treating it as a continuous variable.
Furthermore, the ORs of the MetS components including high waist circumference, high triglycerides, low
HDL cholesterol, high blood pressure, and high blood glucose were calculated.

To evaluate the consistency of the association between chromium and MetS by participant
characteristics, additional analyses were run, stratifying age (< 50, ≥ 50), sex, BMI (< 24, ≥ 24), physical
activity, current smoking status, and current drinking alcohol status. The interactions between these
strati�cation variables and plasma chromium were tested by adding multiplicative terms into the
multivariate logistic regression models; the likelihood ratio tests were conducted to examine the
interactions.

Statistical analyses were performed with SPSS for Windows, version 24.0 (SPSS Inc., Chicago, Illinois). P
values reported are two tailed, and values below 0.05 were considered statistically signi�cant.

Results
Anthropometric and metabolic characteristics of the 2,141 MetS and 2,141 controls are reported in
Table 1. Compared with control subjects, the individuals with MetS had higher prevalence of family
history of diabetes and lower rate of smoking and activity. As expected, we observed higher levels of BMI,
waist circumference, hip circumference, waist-to-hip circumference ratio, systolic blood pressure (SBP),
diastolic blood pressure (DBP), fasting plasma glucose, fasting plasma insulin, HOMA-IR, triglycerides,
total cholesterol, LDL cholesterol and lower levels of HDL cholesterol in MetS than in the controls. MetS
group had higher MDA levels than the control group.



Page 7/18

Table 1
Anthropometric and metabolic characteristics of controls and MetS

Parameters MetS (n = 2141) controls (n = 2141) P value

Male, n (%) 1293 (60.4) 1293 (60.4) 1.000

Age (y) 52.57 ± 10.80 52.70 ± 10.73 0.750

BMI (kg/m2) 25.82 ± 3.10 22.66 ± 2.62 < 0.001

Waist circumference (cm) 89.46 ± 8.67 79.98 ± 7.90 < 0.001

Hip circumference (cm) 98.49 ± 6.32 92.78 ± 6.04 < 0.001

Waist / hip ratio 0.91 ± 0.05 0.86 ± 0.06 < 0.001

SBP (mmHg) 140.14 ± 20.36 128.80 ± 19.11 < 0.001

DBP (mmHg) 84.19 ± 12.06 77.12 ± 10.42 < 0.001

Current smoker, n (%) 617 (28.8) 700 (32.7) 0.006

Current drinker, n (%) 604 (28.4) 621 (29.2) 0.578

Physical activity, n (%) 746 (38.1) 884 (42.2) 0.006

Family history of DM, n (%) 309 (14.6) 158 (7.5) < 0.001

Educational level, n (%)     0.308

None or elementary school 402 (20.6) 426 (20.3)  

Middle school 791 (40.6) 901 (42.9)  

High school or college 754 (38.7) 772 (36.8)  

Fasting plasma glucose (mmol/L) 7.12 ± 2.57 5.66 ± 1.33 < 0.001

Fasting plasma insulin (mmol/L) 10.66 (7.58–15.40) 6.87 (4.79–9.95) < 0.001

HOMA-IR 3.34 (2.20–5.04) 1.72 (1.20–2.53) < 0.001

HOMA-β 69.09 (42.00-106.44) 67.36 (46.81–98.60) 0.688

Triglycerides (mmol/L) 4.89 ± 1.15 4.71 ± 0.87 < 0.001

Total cholesterol (mmol/L) 1.96 (1.39–3.05) 1.14 (0.84–1.49) < 0.001

HDL cholesterol (mmol/L) 1.12 (0.91–1.32) 1.41 (1.25–1.61) < 0.001

LDL cholesterol (mmol/L) 2.72 ± 1.14 2.46 ± 0.88 < 0.001

DBP diastolic blood pressure, MDA malonaldehyde, HDL high-density lipoprotein, HOMA-β
homeostasis model assessment of β-cell function, HOMA-IR homeostasis model assessment of
insulin resistance, LDL low-density lipoprotein; MetS, metabolic syndrome; SBP systolic blood
pressure
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Parameters MetS (n = 2141) controls (n = 2141) P value

MDA (nmol/L) 4.82 (3.95–5.98) 4.32 (3.62–5.27) < 0.001

DBP diastolic blood pressure, MDA malonaldehyde, HDL high-density lipoprotein, HOMA-β
homeostasis model assessment of β-cell function, HOMA-IR homeostasis model assessment of
insulin resistance, LDL low-density lipoprotein; MetS, metabolic syndrome; SBP systolic blood
pressure

Plasma chromium concentrations were signi�cantly decreased in the individuals with MetS compared
with controls (median: 4.23 µg/L in MetS, and 4.46 µg/L in controls, P < 0.001). For the 5 components of
MetS, participants with high triglycerides and high blood glucose had signi�cant lower levels of plasma
chromium (P < 0.001). Furthermore, plasma chromium levels progressively decreased with the number of
MetS components (P for trend < 0.001) (Table 2).

Table 2
Plasma chromium levels according to presence or absence of components of

MetS

  Chromium (µg/L) P value

  Present Absent

Metabolic syndrome 4.23 (3.01–5.42) 4.46 (3.27–5.87) < 0.001

High waist circumference 4.29 (3.05–5.50) 4.37 (3.16–5.77) 0.071

High triglycerides 4.17 (2.94–5.45) 4.43 (3.26–5.73) < 0.001

Low HDL cholesterol 4.29 (3.13–5.44) 4.35 (3.06–5.77) 0.277

High blood pressure 4.35 (3.05–5.63) 4.21 (3.02–5.56) 0.112

High blood glucose 4.21 (2.98–5.43) 4.57 (3.39–6.04) < 0.001

No. of MetS components      

0 4.57 (3.53–6.01)  

1 4.48 (3.33–5.95)

2 4.41 (3.06–5.77)

3 4.31 (3.04–5.50)

4 4.12 (2.99–5.31)

5 4.11 (2.91–5.49)

P for trend < 0.001  

HDL high-density lipoprotein, MetS metabolic syndrome
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Signi�cant inverse associations between the levels of plasma chromium concentration and MetS were
observed, and multiple adjusted models showed similar results (Table 3). After overall multivariable
adjustment of age, education, current smoking status, current alcohol drinking status, physical activity,
family history of diabetes, and BMI, the ORs (95% CIs) for MetS from the lowest to the highest quartiles
were 1 (reference), 0.84 (0.67–1.05), 0.76 (0.61–0.95), and 0.62 (0.49–0.78), respectively (P for trend < 
0.001). When plasma chromium concentration was considered as a continuous variable, the overall OR
(95% CI) of having MetS was 0.97 (0.89–1.05) per 1-SD increment of log-transformed chromium
concentration.

Table 3
Association of plasma chromium concentrations with MetS

Variables Quartiles of plasma chromium concentrations Per 1-SD of
logChromium

P for
trend

Q1 Q2 Q3 Q4

Chromium
(µg/L)

< 3.27 3.27–4.46 4.46–5.87 > 5.87    

Cases/Controls,
n/n

664 /
535

533 / 535 530 / 536 414 / 535    

Model 1 1 0.80
(0.68–
0.95)

0.80
(0.67–
0.94)

0.61
(0.52–
0.73)

0.95 (0.90–1.01) < 
0.001

Model 2 1 0.80
(0.67–
0.95)

0.80
(0.67–
0.94)

0.62
(0.52–
0.74)

0.95 (0.89–1.01) < 
0.001

Model 3 1 0.84
(0.67–
1.05)

0.76
(0.61–
0.95)

0.62
(0.49–
0.78)

0.97 (0.89–1.05) < 
0.001

Model 1: adjusted for age;

Model 2: additionally adjusted for education, current smoking status, current alcohol drinking status,
physical activity and family history of diabetes;

Model 3: additionally adjusted for BMI.

The associations of plasma chromium concentrations with each component of MetS were examined
afterwards. Similar inverse associations were observed in high waist circumference, high triglycerides
and high blood glucose, and the full adjusted ORs (95% CIs) of the highest quartiles were 0.77 (0.61–
0.95), 0.67(0.55–0.80), and 0.53(0.44–0.64), respectively (P for trend < 0.05) (Table 4). As for low HDL
cholesterol, signi�cant associations were observed in crude model and model 1, but not in model 2 and 3.
Association of plasma chromium concentrations with high blood pressure was not found in this study
(Table 4).
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Table 4
Association of plasma chromium concentrations with components of MetS

Variables Quartiles of plasma chromium concentrations Per 1-SD of
logChromium

P for
trend

Q1 Q2 Q3 Q4

Chromium
(µg/L)

< 
3.27

3.27–4.46 4.46–5.87 > 5.87    

High waist circumference

Model 1 1 0.83 (0.70–
0.98)

0.92 (0.78–
1.09)

0.77 (0.64–
0.91)

0.98 (0.93–1.05) 0.013

Model 2 1 0.84 (0.71-
1.00)

0.94 (0.79–
1.11)

0.78 (0.66–
0.93)

0.98 (0.93–1.05) 0.004

Model 3 1 0.87 (0.70–
1.08)

0.88 (0.71–
1.09)

0.77 (0.61–
0.95)

0.99 (0.91–1.07) 0.035

High triglycerides

Model 1 1 0.73 (0.62–
0.87)

0.68 (0.57–
0.81)

0.67 (0.56–
0.80)

0.92 (0.86–0.98) < 0.001

Model 2 1 0.72 (0.60–
0.85)

0.67 (0.56–
0.79)

0.66 (0.55–
0.79)

0.91 (0.85–0.97) < 0.001

Model 3 1 0.72 (0.60–
0.86)

0.64 (0.54–
0.77)

0.67 (0.55–
0.80)

0.92 (0.86–0.98) < 0.001

Low HDL cholesterol

Model 1 1 1.09 (0.91–
1.30)

1.13 (0.95–
1.35)

0.80 (0.66–
0.96)

1.05 (0.98–1.12) 0.129

Model 2 1 1.02 (0.85–
1.22)

1.12 (0.93–
1.34)

0.83 (0.68–
1.01)

1.05 (0.98–1.12) 0.013

Model 3 1 1.04 (0.86–
1.25)

1.12 (0.93–
1.34)

0.84 (0.69–
1.03)

1.05 (0.98–1.13) 0.048

High blood pressure

Model 1 1 0.96 (0.79–
1.15)

1.25 (1.03–
1.52)

0.96 (0.79–
1.17)

1.09 (1.02–1.16) 0.932

Model 2 1 0.95 (0.78–
1.15)

1.24 (1.02–
1.51)

0.98 (0.80–
1.20)

1.09 (1.02–1.16) 0.898

Model 1: adjusted for age;

Model 2: additionally adjusted for education, current smoking status, current alcohol drinking status,
physical activity and family history of diabetes;

Model 3: additionally adjusted for BMI.
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Variables Quartiles of plasma chromium concentrations Per 1-SD of
logChromium

P for
trend

Q1 Q2 Q3 Q4

Model 3 1 0.96 (0.79–
1.17)

1.22 (0.99–
1.49)

1.01 (0.82–
1.24)

1.10 (1.02–1.18) 0.832

High blood glucose

Model 1 1 0.73 (0.61–
0.88)

0.67 (0.56–
0.79)

0.54 (0.45–
0.64)

0.87 (0.81–0.93) < 0.001

Model 2 1 0.71 (0.59–
0.85)

0.65 (0.54–
0.77)

0.53 (0.44–
0.64)

0.86 (0.80–0.92) < 0.001

Model 3 1 0.72 (0.60–
0.87)

0.63 (0.52–
0.76)

0.53 (0.44–
0.64)

0.86 (0.80–0.92) < 0.001

Model 1: adjusted for age;

Model 2: additionally adjusted for education, current smoking status, current alcohol drinking status,
physical activity and family history of diabetes;

Model 3: additionally adjusted for BMI.

In strati�ed analysis (Table 5), ORs (95% CIs) of the highest quartiles of all subgroups decreased
signi�cantly, indicating the robust association. Nonetheless, the results were not consistent when
considering plasma chromium concentration as a continuous variable. No interaction was recognized
between age, sex, BMI, physical activity, smoking, drinking alcohol and chromium (P for interaction > 
0.05).
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Table 5
Odds ratios for MetS of plasma chromium concentrations by subgroup

Participant % Quartiles of plasma chromium concentrations Per 1-SD
logChromium

P for
interaction

Q1 Q2 Q3 Q4

subgroup              

Age             0.056

<50 40.1 1 0.89
(0.69–
1.16)

1.05
(0.81–
1.37)

0.72
(0.52–
0.98)

1.08(0.95–
1.23)

 

≥50 59.9 1 0.76
(0.61–
0.95)

0.66
(0.53–
0.82)

0.60
(0.48–
0.74)

0.91(0.85–
0.98)

 

Sex             0.161

Women 39.6 1 0.87
(0.67–
1.14)

0.98
(0.75–
1.28)

0.76
(0.58–
0.99)

1.03(0.94–
1.14)

 

Men 60.4 1 0.73
(0.58–
0.91)

0.69
(0.55–
0.86)

0.56
(0.44–
0.70)

0.89(0.82–
0.96)

 

BMI             0.537

<24 49.3 1 0.73
(0.56–
0.95)

0.79
(0.60–
1.03)

0.61
(0.46–
0.80)

0.95(0.86–
1.04)

 

≥24 50.7 1 0.93
(0.71–
1.22)

0.78 (0.60-
1.00)

0.68
(0.52–
0.89)

0.96(0.87–
1.06)

 

Physical
activity

            0.271

No 59.8 1 0.74
(0.60–
0.93)

0.82
(0.66–
1.03)

0.64
(0.51–
0.81)

0.99(0.91–
1.07)

 

Yes 40.2 1 0.89
(0.67–
1.17)

0.76
(0.58–
0.99)

0.62
(0.47–
0.81)

0.89(0.81–
0.98)

 

Smoking             0.229

Adjusted for age, sex, BMI, education, current smoking status, current alcohol drinking status, physical
activity and family history of diabetes.
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Participant % Quartiles of plasma chromium concentrations Per 1-SD
logChromium

P for
interaction

Q1 Q2 Q3 Q4

No 69.2 1 0.85
(0.69–
1.04)

0.86
(0.70–
1.05)

0.70
(0.57–
0.87)

0.98(0.91–
1.05)

 

Yes 30.8 1 0.67
(0.49–
0.92)

0.67
(0.49–
0.91)

0.49
(0.35–
0.67)

0.86(0.77–
0.97)

 

Drinking
alcohol

            0.314

No 71.2 1 0.85
(0.70–
1.04)

0.86
(0.70–
1.05)

0.62
(0.50–
0.76)

0.97(0.90–
1.04)

 

Yes 28.8 1 0.65
(0.48–
0.90)

0.67
(0.49–
0.91)

0.67
(0.48–
0.93)

0.89(0.80–
0.99)

 

Adjusted for age, sex, BMI, education, current smoking status, current alcohol drinking status, physical
activity and family history of diabetes.

Discussion
In this matched case-control study, we found that plasma chromium concentrations were inversely
associated with the prevalence of MetS among Chinese adults. The inverse association was mainly
explained by the relations between plasma chromium concentrations and waist circumference, the
triglycerides and blood glucose levels. The associations were not appreciably changed by multivariate
adjustment, and were consistent in the strati�ed analyses.

It is di�cult in estimating dietary chromium due to its wide variability and low content in food sources, so
a sensitive and reliable biomarker for chromium intake is required in epidemiological studies. Plasma
chromium is considered a reliable objective biomarker for chromium exposure [21]. Previous studies
reporting plasma chromium concentrations in large populations were sparse. Currently, there is no
international acceptable value or range for the plasma chromium concentration in the general population.
The median concentration of plasma chromium in our population was 4.34 µg/L (interquartile range:
3.10–5.62 µg/L), higher than the previously published studies, which varied from 0.2 to 0.86 µg/L [22–
24].

There existed few high-quality evidence focused on the relationship between chromium and MetS at
present. Limited epidemiological study yielded controversial results. A prospective study including 3,648
American adults indicated that toenail chromium levels were inversely and longitudinally associated with
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incidence of MetS [10]. However, another cross-sectional study conducted in Korea did not support the
association between toenail chromium concentrations and MetS and its components [13].

In our study, signi�cant associations between chromium concentrations and waist circumference,
triglycerides and blood glucose levels were noticed, which might explain the latent mechanism. Although
the pathogenesis of MetS remains unclear, recent interest has focused on the possible involvement of
insulin resistance as a linking factor [25]. Coincident with this, the association of plasma chromium with
high blood glucose was the strongest among the components of MetS in this study. Our previous study
has elaborated the inverse association between plasma chromium concentrations and type 2 diabetes
mellitus and pre-diabetes mellitus in a case-control study [12]. Animal and in vitro studies demonstrated
that chromium may up-regulate insulin-stimulated insulin signal transduction by enhancing the kinase
activity of insulin receptor-β [26], increasing the activity of downstream effectors of insulin signaling PI3K
and Akt [6], enhancing Glut4 translocation to the cell surface [8, 27], blunting the negative regulators of
insulin signaling (PTP-1B, c-Jun N-terminal kinase (JNK) and IRS-1 serine phosphorylation [5, 6]), and
enhancing AMPK activity transiently [28].

On the other hand, the effects of chromium on obesity and dyslipidemia has also been studied. In high
fat diet induced obese rats, supplementation of chromium histidinate might reduce the weight and serum
glucose concentration, and increase serum insulin concentration [29]. In chromium histidinate
administration group, the levels of nuclear factor-kappa B and the oxidative stress marker 4-
hydroxynonenal adducts expressions in liver were reduced, while the levels of hepatic Nrf2 and HO-1 were
increased [29]. Subchronic administration of chromium (D-phenylalanine)3 showed effects on reduction
of liver triglyceride levels and lipid accumulation, hepatic oxidant stress and suppression of lipid-
peroxidation and endoplasmic reticulum stress in obese mice [5, 30]. Chromium niacinate and chromium
picolinate supplementation showed a decrease in lipids levels, and also pro-in�ammatory cytokines (TNF-
alpha, IL-6, CRP) and oxidative stress in diabetic rats [9]. However, clinical trials were inconclusive with
regard to weight control and lipid metabolism improvement. Although some studies claimed bene�cial
effects of chromium supplementation [31, 32], systematic reviews found it inadequate to inform �rm
decisions about the e�cacy of chromium supplements on weight loss or lipid metabolism in overweight
or obese adults because of the low-quality evidence [15, 18, 33].

The strengths of our study included the matched case-control study design, the large number of
participants and objectively measured plasma chromium levels. In addition, chromium levels in plasma
were measured using the state-of-the-art ICP-MS method. A few limitations need to be considered. First,
the case-control nature of our study does not allow us to infer any causality and address temporal
relationship between plasma chromium and MetS. Second, we could not differentiate trivalent chromium
from hexavalent chromium in plasma measurement. Trivalent chromium is suggested to be bene�cial
and hexavalent chromium is toxic to human health [34]. Thus, the combination of these two forms may
attenuate the association that may exist between trivalent chromium and MetS. Third, the lack of
information on the other unknown or unmeasured factors might also confound our results. Finally, the
generalizability of our �ndings may be limited since all participants were of Chinese Han ethnicity.
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However, a homogenous ethnic background may reduce residual confounding from unmeasured genetic
and cultural variability.

Conclusions
Our study demonstrated an inverse association between plasma chromium levels and MetS in a Chinese
population. The association was mainly accounted for the relations between plasma chromium levels
and high waist circumference, and the triglycerides and blood glucose levels. Further studies are
warranted to con�rm our �ndings in prospective cohorts and to elucidate the potential mechanisms
underlying the relationship between chromium and MetS.
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