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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 metabolic syndrome (MetS) in humans remains controversial.
Methods: We conducted a matched case-control study in a Chinese population, involving 2141 MetS cases and
2141 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 (mean: 4.36 μg/L and 4.66 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% confidence 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% confidence 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.
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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
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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 beneficial mechanism has been investigated in experimental
studies [5–9]. However, the epidemiological evidence of
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the protective effect of chromium on MetS is very limited,
and has inconsistent conclusion so far. A prospective
study suggested an inverse association between chromium
and incidence of MetS in American young adults, and the
inverse association was mainly explained by its relation to
blood lipids [10]. 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 profiles have yielded conflicting 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 significant
neurological, endocrinological or other systemic diseases, as well as acute illness and chronic inflammatory 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.
Definition of MetS

The definition of MetS was based on the harmonized
definition 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 ≥ 85 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
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medication and/or self-reported history of diabetes. The
controls had zero to two components of MetS which
were mentioned above.
Data collection

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 classified as none or
elementary school, middle school, and high school or
college. Physical activity was classified as at least once/
week or no. Current smoking status was classified as yes
(at least one cigarette per day over the previous 6
months) or no. Current alcohol drinking status was classified as yes (drink alcohol beverage more than once a
week over the previous 6 months) or no. Anthropometric data including height (m), mass (kg), waist circumference and blood pressure were measured with
standardized techniques by trained and certified technicians. BMI (body mass index) 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 min of rest, and
repeated in both arms.
Laboratory measurements

Blood samples were collected in all participants after an
overnight fast of at least 10 h. 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 (ICP-MS) (Agilent 7700 Series, Tokyo,
Japan). Plasma samples were stored at − 80 °C. The case
and control specimens were measured randomly in the
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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 certified reference
material. The certified 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 coefficients 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 (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. Multiple imputation based on 5 replications and a fully conditional specification method in SPSS
was used to account for missing data.
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, 3.28–4.46 μg/L; category 3, 4.47–
5.87 μg/L, and category 4, > 5.88 μg/L. Conditional logistic regression was used to assess the association of MetS
with plasma chromium concentrations. The ORs and
95% confidence intervals (CIs) of MetS were calculated
between the quartiles of chromium using the lowest
quartile as the reference category, and also by per 1 μg/L
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. 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 using binary logistic regression.
To evaluate the consistency of the association between
chromium and MetS by participant characteristics, additional analyses were run, stratifying age (< 50, ≥50), sex,
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BMI (< 24, ≥24), physical activity, current smoking status, and current drinking alcohol status. The interactions
between these stratification 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 significant.

Results
Anthropometric and metabolic characteristics of the 2141
MetS and 2141 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 (P < 0.05). 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
(P < 0.001). MetS group had higher MDA levels than the
control group (P < 0.001).
Plasma chromium concentrations were significantly
decreased in the individuals with MetS compared with
controls (mean: 4.36 μg/L in MetS, and 4.66 μg/L in controls, P < 0.001). For the 5 components of MetS, participants with high triglycerides and high blood glucose had
significant 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).
Significant 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 0.95 (0.92–0.98) per
1 μg/L increment of chromium concentration.
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–
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Table 1 Anthropometric and metabolic characteristics of controls and MetS
P value

Parameters

MetS (n = 2141)

controls (n = 2141)

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) a

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 (%) b

617 (28.8)

700 (32.7)

0.006

Current drinker, n (%) c

604 (28.4)

621 (29.2)

0.578

746 (38.1)

884 (42.2)

0.006

309 (14.6)

158 (7.5)

< 0.001

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)

Physical activity, n (%)

d

Family history of diabetes, n (%)
Educational level, n (%)

e

f

0.308

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

4.82 (3.95–5.98)

4.32 (3.62–5.27)

< 0.001

MDA (nmol/L)

Data are shown in numbers (percentages), mean ± standard deviations, or medians (interquartile ranges). P values were obtained from t test, Mann-Whitney U
test, or chi-square test, where appropriate
All biomarkers detected were fasting
a
Missing number was 28. b Missing number was 5. c Missing number was 28. d Missing number was 238. e Missing number was 50. f Missing number was 236
Abbreviations: MetS Metabolic syndrome, BMI Body mass index, SBP Systolic blood pressure, DBP Diastolic blood pressure, HOMA-IR Homeostasis model
assessment of insulin resistance, homa-β Homeostasis model assessment of β-cell function, HDL High-density lipoprotein, LDL Low-density lipoprotein,
MDA Malonaldehyde

0.80), and 0.53 (0.44–0.64), respectively (P for trend <
0.05) (Table 4). As for low HDL cholesterol, significant
associations were observed in 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).
In stratified analysis (Table 5), ORs (95% CIs) of the
highest quartiles of all subgroups decreased significantly,
indicating the robust association. No interaction was recognized between age, sex, BMI, physical activity, smoking,
drinking alcohol and chromium (P for interaction > 0.05).

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 stratified analyses.
Chromium coming from foods varies and is usually
very low [21]. Dietary intake of chromium from Asian
diets ranged from 59.9 to 224 μg per day [22]. It is
difficult 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
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Table 2 Plasma chromium levels according to presence or
absence and the number of MetS components
Chromium (μg/L)

P
value

Present

Absent

Metabolic syndrome

4.36 ± 2.37

4.66 ± 2.37

< 0.001

High waist circumference a

4.45 ± 2.18

4.57 ± 2.30

0.081

High triglycerides

b

4.31 ± 2.15

4.63 ± 2.29

< 0.001

Low HDL cholesterol c

4.45 ± 2.06

4.53 ± 2.33

0.263

d

4.51 ± 2.29

4.39 ± 2.26

0.120

4.34 ± 2.16

4.80 ± 2.37

< 0.001

High blood pressure

High blood glucose e
No. of MetS components
0

4.84 ± 2.30

1

4.69 ± 2.26

2

4.56 ± 2.48

3

4.43 ± 2.19

4

4.23 ± 1.92

5

4.44 ± 2.22

P for trend

< 0.001

Data are shown in mean ± standard deviations. P values were obtained from t
test. P for trend was obtained by one-way ANOVA
All biomarkers detected were fasting
a
Waist circumference ≥ 85 cm in men and ≥ 80 cm in women. b
Triglyceridemia ≥150 mg/dL. c HDL cholesterol < 40 mg/dL in men and < 50
mg/dL in women. d Blood pressure ≥ 130/85 mmHg and/or use of
antihypertensive medication. e Fasting blood glucose ≥100 mg/dL and/or
current use of antidiabetic medication and/or self-reported history of diabetes
Abbreviations: MetS Metabolic syndrome, HDL High-density lipoprotein

chromium exposure [23]. 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 mean
concentration of plasma chromium in our population
was 4.51 ± 2.24 μg/L, higher than the previously published studies, which varied from 0.2 to 0.86 μg/L
[24–26]. A possible explanation for it may be higher
contamination for the population. As some studies indicated that chromium exposure may come from

industrial pollution like coal and oil combustion, the
metal fabrication industry and the leather tanning sector, and China had a dramatic increase of anthropogenic chromium emissions from 1990 to 2009 [27].
There existed few high-quality evidence focused on
the relationship between chromium and MetS at
present. Limited epidemiological study yielded controversial results. A 23-year follow-up study including
3648 American adults indicated that toenail chromium levels were inversely and longitudinally associated with 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, significant associations between chromium
concentrations and waist circumference, triglycerides and
blood glucose levels were noticed. These associations
might explain the latent mechanism involved in the relationship of chromium and MetS.
The association of plasma chromium with high
blood glucose was the strongest among the components of MetS in this study. Although the pathogenesis of MetS remains unclear, recent interest has
focused on the possible involvement of insulin resistance as a linking factor [28]. Coincident with this,
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]. In addition, evidences in animal and in vitro studies supported the association as
well. A lot of studies demonstrated that chromium
may up-regulate insulin-stimulated insulin signal
transduction by a variety of mechanisms [5, 6, 8, 29–
31]. However, it is worth concerning the causality of
chromium status and high blood glucose. On one
hand, the low levels of chromium might result in the
diminution of insulin signal transduction, and further
aggravate the development of insulin resistance. On
the other hand, chromium lost and excreted from human body increased with aging and was related to

Table 3 Association of plasma chromium concentrations with MetS
Variables

Per 1 μg/L
Chromium

P for
trend

0.61 (0.52–0.73)

0.95 (0.93–0.98)

< 0.001

0.62 (0.52–0.74)

0.95 (0.93–0.98)

< 0.001

0.62 (0.49–0.78)

0.95 (0.92–0.98)

< 0.001

Quartiles of plasma chromium concentrations
Q1

Q2

Q3

Q4

Chromium (μg/L)

< 3.27

3.28–4.46

4.47–5.87

> 5.88

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)

Model 2

1

0.80 (0.67–0.95)

0.80 (0.67–0.94)

Model 3

1

0.84 (0.67–1.05)

0.76 (0.61–0.95)

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
Abbreviations: MetS Metabolic syndrome, SD Standard deviation
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Table 4 Association of plasma chromium concentrations with components of MetS
Per 1 μg/L
Chromium

P for
trend

0.77 (0.64–0.91)

0.98 (0.96–1.00)

0.013

0.94 (0.79–1.11)

0.78 (0.66–0.93)

0.98 (0.96–1.00)

0.004

0.88 (0.71–1.09)

0.77 (0.61–0.95)

0.99 (0.95–1.01)

0.035

0.73 (0.62–0.87)

0.68 (0.57–0.81)

0.67 (0.56–0.80)

0.97 (0.94–0.99)

< 0.001

1

0.72 (0.60–0.85)

0.67 (0.56–0.79)

0.66 (0.55–0.79)

0.96 (0.94–0.99)

< 0.001

1

0.72 (0.60–0.86)

0.64 (0.54–0.77)

0.67 (0.55–0.80)

0.97 (0.94–0.99)

< 0.001

Model 1

1

1.09 (0.91–1.30)

1.13 (0.95–1.35)

0.80 (0.66–0.96)

0.99 (0.97–1.02)

0.129

Model 2

1

1.02 (0.85–1.22)

1.12 (0.93–1.34)

0.83 (0.68–1.01)

0.99 (0.97–1.02)

0.013

Model 3

1

1.04 (0.86–1.25)

1.12 (0.93–1.34)

0.84 (0.69–1.03)

1.00 (0.97–1.02)

0.048

Model 1

1

0.96 (0.79–1.15)

1.25 (1.03–1.52)

0.96 (0.79–1.17)

1.01 (0.98–1.03)

0.932

Model 2

1

0.95 (0.78–1.15)

1.24 (1.02–1.51)

0.98 (0.80–1.20)

1.01 (0.98–1.03)

0.898

Model 3

1

0.96 (0.79–1.17)

1.22 (0.99–1.49)

1.01 (0.82–1.24)

1.01 (0.98–1.04)

0.832

Model 1

1

0.73 (0.61–0.88)

0.67 (0.56–0.79)

0.54 (0.45–0.64)

0.93 (0.91–0.96)

< 0.001

Model 2

1

0.71 (0.59–0.85)

0.65 (0.54–0.77)

0.53 (0.44–0.64)

0.93 (0.91–0.96)

< 0.001

Model 3

1

0.72 (0.60–0.87)

0.63 (0.52–0.76)

0.53 (0.44–0.64)

0.93 (0.91–0.96)

< 0.001

Variables

Quartiles of plasma chromium concentrations
Q1

Q2

Q3

Q4

< 3.27

3.28–4.46

4.47–5.87

> 5.88

Model 1

1

0.83 (0.70–0.98)

0.92 (0.78–1.09)

Model 2

1

0.84 (0.71–1.00)

Model 3

1

0.87 (0.70–1.08)

Model 1

1

Model 2
Model 3

Chromium (μg/L)
High waist circumference

High triglycerides

Low HDL cholesterol

High blood pressure

High blood glucose

Model 1: adjusted for age and sex;
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
Abbreviations: MetS Metabolic syndrome, SD Standard deviation, HDL High-density lipoprotein

the diabetes [32]. Large losses of chromium over
more than 2 years’ diabetes duration may change the
chromium homeostasis [33]. Further studies are warranted to investigate the causality of chromium status
and high blood glucose.
Moreover, the effects of chromium on obesity and dyslipidemia has also been studied. The animal studies indicated that chromium might reduce the weight of obese
rats and lipids levels as well [5, 9, 34, 35]. However, clinical trials were inconclusive with regard to weight control and lipid metabolism improvement. Although some
studies claimed beneficial effects of chromium supplementation [36, 37], systematic reviews found it inadequate to inform firm decisions about the efficacy of
chromium supplements on weight loss or lipid metabolism in overweight or obese adults because of the lowquality evidence [15, 18, 38].
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 beneficial and hexavalent chromium is toxic to human health [39]. Thus,
the combination of these two forms may attenuate
the association that may exist between trivalent chromium and MetS. Third, the classification of current
smoking and alcohol drinking status and physical activity was not detailed enough. Additionally, the lack
of information on the other unknown or unmeasured
factors might also confound our results. Finally, the
generalizability of our findings may be limited since
all participants were of Chinese Han ethnicity. However, a homogenous ethnic background may reduce
residual confounding from unmeasured genetic and
cultural variability.
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Table 5 Odds ratios for MetS of plasma chromium concentrations by subgroup
Participant

%

Quartiles of plasma chromium concentrations
Q1

Q2

Q3

Q4

Per 1 μg/L
Chromium

P for
interaction

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)

0.97 (0.91–1.03)

≥ 50

59.9

1

0.76 (0.61–0.95)

0.66 (0.53–0.82)

0.60 (0.48–0.74)

0.92 (0.89–0.96)

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)

0.96 (0.92–1.01)

Men

60.4

1

0.73 (0.58–0.91)

0.69 (0.55–0.86)

0.56 (0.44–0.70)

0.91 (0.88–0.95)

< 24

49.3

1

0.73 (0.56–0.95)

0.79 (0.60–1.03)

0.61 (0.46–0.80)

0.93 (0.89–0.98)

≥ 24

50.7

1

0.93 (0.71–1.22)

0.78 (0.60–1.00)

0.68 (0.52–0.89)

0.94 (0.90–0.98)

BMI

0.537

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)

0.93 (0.89–0.97)

Yes

40.2

1

0.89 (0.67–1.17)

0.76 (0.58–0.99)

0.62 (0.47–0.81)

0.94 (0.89–0.98)

No

69.2

1

0.85 (0.69–1.04)

0.86 (0.70–1.05)

0.70 (0.57–0.87)

0.94 (0.91–0.98)

Yes

30.8

1

0.67 (0.49–0.92)

0.67 (0.49–0.91)

0.49 (0.35–0.67)

0.91 (0.86–0.97)

Smoking

0.229

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)

0.93 (0.90–0.96)

Yes

28.8

1

0.65 (0.48–0.90)

0.67 (0.49–0.91)

0.67 (0.48–0.93)

0.94 (0.88–1.00)

Adjusted for age, sex, BMI, education, current smoking status, current alcohol drinking status, physical activity and family history of diabetes
Abbreviations: MetS Metabolic syndrome, SD Standard deviation, BMI Body mass index

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
confirm our findings in prospective cohorts and to
elucidate the potential mechanisms underlying the relationship between chromium and MetS, as well as
MetS components.
Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12937-020-00625-w.
Additional file 1: Table S1 STROBE-nut: An extension of the STROBE
statement for nutritional epidemiology.
Additional file 2: Table S2 The Strengthening the Reporting
Observational studies in Epidemiology – Molecular Epidemiology
(STROBE-ME) Reporting Recommendations: Extended from STROBE
statement.

Abbreviations
CI: Confidence interval; 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; LOD: Limit of detection; LDL: Low-density lipoprotein;

MetS: Metabolic syndrome; OR: Odds ratio; SBP: Systolic blood pressure;
SD: Standard deviation
Acknowledgements
We gratefully acknowledge the nurses of the Tongji Hospital of Tongji
Medical College, Huazhong University of Science and Technology, for their
diligent work on collecting blood samples.
Authors’ contributions
SC, LZ, ZS, XC, LL designed the study; QG, CF, MW, XP, SL, YZ acquired the
data; SC, LZ, JY analyzed and interpreted the data; SC drafted the article; WY,
YZ, ZS, XC, LL substantively revised it. All authors have approved the final
version of the article.
Funding
This study was supported by the National Natural Science Foundation of
China (81803239); the Major International (Regional) Joint Research Project
(81820108027); the Fundamental Research Funds for the Central Universities
(2019kfyXMBZ050); and the Angel Nutrition Research Fund.
Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.
Ethics approval and consent to participate
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.
Consent for publication
Not applicable.

Chen et al. Nutrition Journal

(2020) 19:107

Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Nutrition and Food Hygiene, Hubei Key Laboratory of Food
Nutrition and Safety, School of Public Health, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan 430030, Hubei,
China. 2Ministry of Education Key Lab of Environment and Health, School of
Public Health, Tongji Medical College, Huazhong University of Science and
Technology, Wuhan 430030, Hubei, China. 3The Hubei Provincial Key
Laboratory of Yeast Function, Yichang 443003, Hubei, China. 4Department of
Nutrition and Food Hygiene, School of Public Health, Guangzhou Medical
University, Guangzhou 511436, China.
Received: 30 January 2020 Accepted: 15 September 2020

References
1. O'neill S, O'driscoll L. Metabolic syndrome: a closer look at the growing
epidemic and its associated pathologies. Obes Rev. 2015;16(1):1–12.
2. Lu J, Wang L, Li M, et al. Metabolic syndrome among adults in China: the
2010 China noncommunicable disease surveillance. J Clin Endocrinol Metab.
2017;102(2):507–15.
3. Wilson PW, D'agostino RB, Parise H, et al. Metabolic syndrome as a
precursor of cardiovascular disease and type 2 diabetes mellitus. Circulation.
2005;112(20):3066–72.
4. Grundy SM. Metabolic syndrome pandemic. Arterioscler Thromb Vasc Biol.
2008;28(4):629–36.
5. Sreejayan N, Dong F, Kandadi MR, et al. Chromium alleviates glucose
intolerance, insulin resistance, and hepatic ER stress in obese mice. Obesity
(Silver Spring). 2008;16(6):1331–7.
6. Wang ZQ, Zhang XH, Russell JC, et al. Chromium picolinate enhances
skeletal muscle cellular insulin signaling in vivo in obese, insulin-resistant
JCR:LA-cp rats. J Nutr. 2006;136(2):415–20.
7. Zhang Q, Sun X, Xiao X, et al. The effect of maternal chromium status on
lipid metabolism in female elderly mice offspring and involved molecular
mechanism. Biosci Rep. 2017;37(2):BSR20160362.
8. Cefalu WT, Wang ZQ, Zhang XH, et al. Oral chromium picolinate improves
carbohydrate and lipid metabolism and enhances skeletal muscle Glut-4
translocation in obese, hyperinsulinemic (JCR-LA corpulent) rats. J Nutr.
2002;132(6):1107–14.
9. Jain SK, Rains JL, Croad JL. Effect of chromium niacinate and chromium
picolinate supplementation on lipid peroxidation, TNF-alpha, IL-6, CRP,
glycated hemoglobin, triglycerides, and cholesterol levels in blood of
streptozotocin-treated diabetic rats. Free Radic Biol Med. 2007;43(8):1124–31.
10. Bai J, Xun P, Morris S, et al. Chromium exposure and incidence of metabolic
syndrome among American young adults over a 23-year follow-up: the
CARDIA trace element study. Sci Rep. 2015;5:15606.
11. Guallar E, Jimenez FJ, Van’t Veer P, et al. Low toenail chromium
concentration and increased risk of nonfatal myocardial infarction. Am J
Epidemiol. 2005;162(2):157–64.
12. Chen S, Jin X, Shan Z, et al. Inverse association of plasma chromium levels with
newly diagnosed type 2 diabetes: a case-control study. Nutrients. 2017;9(3):294.
13. Son J, Morris JS, Park K. Toenail chromium concentration and metabolic
syndrome among Korean adults. Int J Environ Res Public Health. 2018;15(4):
682.
14. Aguilar MV, Saavedra P, Arrieta FJ, et al. Plasma mineral content in type-2
diabetic patients and their association with the metabolic syndrome. Ann
Nutr Metab. 2007;51(5):402–6.
15. Abdollahi M, Farshchi A, Nikfar S, et al. Effect of chromium on glucose and
lipid profiles in patients with type 2 diabetes; a meta-analysis review of
randomized trials. J Pharm Pharm Sci. 2013;16(1):99–114.
16. Iqbal 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):143–50.
17. Nussbaumerova B, Rosolova H, Krizek M, et al. Chromium supplementation
reduces resting heart rate in patients with metabolic syndrome and
impaired glucose tolerance. Biol Trace Elem Res. 2018;183(2):192–9.
18. Tian H, Guo X, Wang X, et al. Chromium picolinate supplementation for
overweight or obese adults. Cochrane Database Syst Rev. 2013;2013(11):
CD010063.

Page 8 of 8

19. Alberti KG, Eckel RH, Grundy SM, et al. Harmonizing the metabolic
syndrome: a joint interim statement of the international diabetes federation
task force on epidemiology and prevention; National Heart, Lung, and
Blood Institute; American Heart Association; world heart federation;
international atherosclerosis society; and International Association for the
Study of obesity. Circulation. 2009;120(16):1640–5.
20. Song F, Jia W, Yao Y, et al. Oxidative stress, antioxidant status and DNA
damage in patients with impaired glucose regulation and newly diagnosed
type 2 diabetes. Clin Sci (Lond). 2007;112(12):599–606.
21. Anderson RA, Bryden NA, Polansky MM. Dietary chromium intake. Freely
chosen diets, institutional diet, and individual foods. Biol Trace Elem Res.
1992;32:117–21.
22. Iyengar GV, Kawamura H, Parr RM, et al. Dietary intake of essential minor
and trace elements from Asian diets. Food Nutr Bull. 2002;23(3 Suppl):124–8.
23. Minoia C, Cavalleri A. Chromium in urine, serum and red blood cells in the
biological monitoring of workers exposed to different chromium valency
states. Sci Total Environ. 1988;71(3):323–7.
24. Brune D, Aitio A, Nordberg G, et al. Normal concentrations of chromium in
serum and urine--a TRACY project. Scand J Work Environ Health. 1993;
19(Suppl 1):39–44.
25. Lin CC, Tsweng GJ, Lee CF, et al. Magnesium, zinc, and chromium levels in
children, adolescents, and young adults with type 1 diabetes. Clin Nutr.
2016;35(4):880–4.
26. Basaki M, Saeb M, Nazifi S, et al. Zinc, copper, iron, and chromium
concentrations in young patients with type 2 diabetes mellitus. Biol Trace
Elem Res. 2012;148(2):161–4.
27. Cheng H, Zhou T, Li Q, et al. Anthropogenic chromium emissions in China
from 1990 to 2009. PLoS One. 2014;9(2):e87753.
28. Eckel RH, Alberti KG, Grundy SM, et al. The metabolic syndrome. Lancet.
2010;375(9710):181–3.
29. Wang H, Kruszewski A, Brautigan DL. Cellular chromium enhances activation
of insulin receptor kinase. Biochemistry. 2005;44(22):8167–75.
30. Chen G, Liu P, Pattar GR, et al. Chromium activates glucose transporter 4
trafficking and enhances insulin-stimulated glucose transport in 3T3-L1
adipocytes via a cholesterol-dependent mechanism. Mol Endocrinol. 2006;
20(4):857–70.
31. Zhao P, Wang J, Ma H, et al. A newly synthetic chromium complexchromium (D-phenylalanine)3 activates AMP-activated protein kinase and
stimulates glucose transport. Biochem Pharmacol. 2009;77(6):1002–10.
32. Ding W, Chai Z, Duan P, et al. Serum and urine chromium concentrations in
elderly diabetics. Biol Trace Elem Res. 1998;63(3):231–7.
33. Morris BW, Macneil S, Hardisty CA, et al. Chromium homeostasis in patients
with type II (NIDDM) diabetes. J Trace Elem Med Biol. 1999;13(1–2):57–61.
34. Tuzcu M, Sahin N, Orhan C, et al. Impact of chromium histidinate on high
fat diet induced obesity in rats. Nutr Metab (Lond). 2011;8:28.
35. Yang X, Li SY, Dong F, et al. Insulin-sensitizing and cholesterol-lowering effects
of chromium (D-phenylalanine)3. J Inorg Biochem. 2006;100(7):1187–93.
36. Sharma S, Agrawal RP, Choudhary M, et al. Beneficial effect of chromium
supplementation on glucose, HbA1C and lipid variables in individuals with
newly onset type-2 diabetes. J Trace Elem Med Biol. 2011;25(3):149–53.
37. Martin J, Wang ZQ, Zhang XH, et al. Chromium picolinate supplementation
attenuates body weight gain and increases insulin sensitivity in subjects
with type 2 diabetes. Diabetes Care. 2006;29(8):1826–32.
38. Balk EM, Tatsioni A, Lichtenstein AH, et al. Effect of chromium
supplementation on glucose metabolism and lipids: a systematic review of
randomized controlled trials. Diabetes Care. 2007;30(8):2154–63.
39. Cefalu WT, Hu FB. Role of chromium in human health and in diabetes.
Diabetes Care. 2004;27(11):2741–51.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

