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Background & aims: Emerging findings have raised concerns about significant associations between
excessive copper (Cu) and abnormal glucose metabolism. Nevertheless, related researches on the rela-
tionship of Cu concentration and gestational diabetes mellitus (GDM) are limited. The objective of this
study was to determine whether plasma Cu concentration is associated with GDM.
Methods: A caseecontrol study of 248 cases of GDM and 248 age-, parity- and gestational age-matched
controls was conducted in Wuhan, China between August 2012 and April 2015. Fasting blood samples of
participants were collected at the time of GDM screening (�24 weeks of gestation). Plasma Cu con-
centrations were detected by inductively coupled plasma mass spectrometry. The strength of the asso-
ciation of plasma Cu with GDM odds was evaluated by odds ratios (ORs) with 95% confidence intervals
(CIs) from conditional logistic regression. Partial Spearman or Pearson correlation coefficients were
calculated to estimate the interrelationship between plasma Cu and the risk factors of GDM.
Results: Plasma Cu concentrations in the GDM group (mean ± SD: 1960.24 ± 391.98 mg/L) were higher
than in the control group (mean ± SD: 1842.43 ± 387.09 mg/L) (P ¼ 0.001). After adjustment for possible
confounders, the ORs (95% CIs) of GDM across increasing quartiles of plasma Cu levels were 1.00
(referent), 1.79 (0.90e3.55), 2.72 (1.35e5.48) and 2.91 (1.48e5.75), respectively; the OR (95% CI) of GDM
was 1.33 (1.06e1.67) for each standard deviation increment of plasma Cu. Moreover, Cu concentrations
were positively associated with fasting plasma glucose, 1-h post-glucose load and 2-h post-glucose load
(all P < 0.05).
Conclusions: The present study indicated a significantly increased odds of GDM in association with
higher concentrations of plasma Cu. Prospective cohort studies in other populations are needed to
confirm our findings.

© 2018 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
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1. Introduction

Gestational diabetes mellitus (GDM), defined as glucose intol-
erance with onset or first recognition during pregnancy, is present
in about 14% of all pregnancies worldwide in 2017 [1], making it
one of the most common complications of pregnancy. GDM is
associated with considerable risks to both the mother and devel-
oping fetus. Hyperglycemia increases the risk of a series of adverse
obstetric and neonatal complications including caesarean delivery,
preterm birth, macrosomia and neonatal metabolic disturbances
[2]. Women who have GDM are more likely to develop GDM in
subsequent pregnancies and about half of themwill develop type 2
diabetes within five to ten years after delivery [3]. Babies born to
mothers with GDM also have an increased lifetime risk of obesity
and developing type 2 diabetes [4]. Although GDM is a disease of
the pancreatic b cells producing insufficient insulin to meet the
increased requirements of late pregnancy, the underlying causes of
b-cell dysfunction haven't been well understood [5]. Thus, evalu-
ating modifiable pathophysiologic changes associated with GDM
could impact both maternal and neonatal outcomes.

As a redox active metal, copper (Cu) is an essential nutrient for
the normal human physiology and function of over 30 proteins in
metabolism, including superoxide dismutase (SOD), ceruloplasmin,
cytochrome c oxidase and dopamine-b-hydroxylase [6]. The main
source of Cu for humans is food including seafood, organ meats,
grains and legumes while drinking water encompasses 20e25% of
the dietary Cu ingested [7]. Cu misbalance could produce either
functional or structural abnormalities [8,9]. Recent years, emerging
evidences from both human and animal studies have raised con-
cerns about significant associations between excessive Cu and
abnormal glucose metabolism. A meta-analysis involving 15
eligible studies indicated that patients with diabetes carried higher
levels of plasma/serum Cu than healthy individuals [10], and Lin
et al. [11] and Naka et al. [12] found a positive correlation between
Cu and HbA1c. In diabetic db/db mice, Tanaka and colleagues found
that treatment with a Cu chelating agent reduced reactive oxygen
species (ROS) levels, and ameliorated insulin resistance and glucose
intolerance [13]. Furthermore, the role of Cu in ROS generation,
oxidation of glutamic acid decarboxylase, and b cell apoptosis were
demonstrated in vitro studies [14,15]. Therefore, maintaining Cu
homeostasis seems to be imperative for the prevention and treat-
ment of abnormal glucose metabolism. According to previous
studies, serum/plasma concentrations of Cu were higher in preg-
nant women than in the general population [16]. Normal preg-
nancies are always accompanied by some evident endocrine
changes that give rise to the fact that pregnant women are partic-
ularly vulnerable to Cu misbalance [17,18]. However, up to date,
related researches on the relationship of Cu concentration and
GDM are limited, and the results are inconsistent [19e22]. In
addition, the small sample size and unmatched groups of previous
studies could contribute to the conflicting association between Cu
and GDM.

Therefore, we conducted a matched caseecontrol study in a
Chinese population to test the hypothesis that plasma Cu was
positively associated with GDM and risk factors of GDM.

2. Materials and methods

2.1. Study population and design

The caseecontrol study was conducted in Wuhan, China be-
tween August 2012 and April 2015. Participants were recruited
from pregnant women screening for GDM at the outpatient clinics
of the Department of Endocrinology, Tongji Hospital. The inclusion
criteria of participants were: age�20 years, gestational age at GDM
screening �24 weeks. We excluded subjects with a history of
diagnosis of diabetes or GDM, those received pharmacologic
treatment known to affect glucose metabolism, and those with
systemic diseases andmultiple pregnancies. Maternal fasting blood
samples were collected in heparin anticoagulant tubes and
centrifuged at 3000 rpm for 5 min. Then, the plasmawas separated
and stored at �80 �C until analysis. The study was approved by the
Ethics Committee of Tongji Medical College. Written informed
consent was obtained from all the participants.

2.2. GDM case definition and control selection

GDMwas diagnosed by a 75 g oral glucose tolerance test (OGTT)
in accordance with the American Diabetes Association guidelines
[23]. Normal results were defined as: level of blood glucose
<5.1 mmol/L (92 mg/dL) at baseline, < 10.0 mmol/L (180 mg/dL) at
1 h, < 8.5 mmol/L (153 mg/dL) at 2 h. A diagnosis of GDMwas given
if one or more tests had abnormal value. Control subjects were
chosen randomly from women who passed the OGTT and 1:1
matched to GDM cases according to age (±2 years), gestational age
at blood drawing (±2 weeks), and parity [24].

2.3. Measurement of plasma Cu concentrations

Plasma concentrations of Cu were detected by inductively
coupled plasma mass spectrometry (Agilent 7700 Series ICP-MS;
Agilent Technologies, USA) in the Ministry of Education Key Labo-
ratory of Environment and Health at the School of Public Health at
Tongji Medical College of Huazhong University of Science and
Technology. The caseecontrol status of study participants was not
disclosed to the testing procedure. Prior to analysis, all samples
were thawed, mixed thoroughly by vortex. Digestive solution was
composed of 2% (w/w) HNO3, 0.04% (w/w) Triton X-100 and 1% (w/
w) Butan-1-ol. Then, samples (40 mL plasma) were diluted with
ultrapure water and digestive solution at a ratio of 1:19:20. The
detection limit of Cu was 0.0097 mg/L, and the concentration of the
lowest standard solution (0.02 mg/L) was considered as the limit of
quantitation. Calibration curve ranged from 0.02 mg/L to 100 mg/L
was used to determine the concentration of plasma Cu. In addition,
1mg/L internal standard composed of germanium in nitric acid was
pumped into the instrument with the calibration standards or
preprocessed samples at a rate of 0.10 m/s. This is done to correct
for the loss of analyte during sample inlet. For quality assurance, the
certified reference agents ClinChek No. 8883 and No. 8884 human
plasma controls for trace elements were analyzed in every 20
samples. The concentrations of Cuwere 697.6 ± 49.9 mg/L (certified:
692.0 ± 138.0 mg/L) and 1284.7 ± 33.4 mg/L (certified:
1220.0 ± 244.0 mg/L) for No. 8883 and No. 8884, respectively. The
intra-assay and inter-assay coefficients of variation of plasma Cu
were <5%.

2.4. Assessment of covariates

Data on demographics, socioeconomic status, lifestyle and
health information were collected by trained investigators
through face-to-face interviews with structured questionnaires.
Prepregnancy body mass index (BMI) was calculated as self-
reported prepregnancy weight divided by the square of height
(kg/m2). Fasting plasma glucose (FPG), total cholesterol (TC), tri-
glycerides (TG), high-density lipoprotein cholesterol (HDL-C), and
low-density lipoprotein cholesterol (LDL-C) were assessed with
the use of commercial assay kits (Biosino Bio-Technology and
Science Inc., Beijing, China). Assay for fasting plasma insulin (FPI)
was performed by enzyme linked immunosorbent assay kits
(Mercodia Company, Sweden). The estimate of insulin resistance
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(IR) by homeostasis model assessment (HOMA) score was calcu-
lated using the following formulas: HOMA-IR ¼ FPG (mmol/
L) � FPI (mU/L)/22.5.
2.5. Statistical methods

Variables were summarized as means ± standard deviations
(SDs) (normal distributed) or medians with interquartile ranges
(IQRs) (non-normal distributed) if continuous, and as percentage if
categorical. Comparison between groups were performed with
Student's t test or ManneWhitney U test for continuous variables,
and chi-square test for categorical variables. Subjects were divided
into quartiles based on Cu concentrations among the controls, and
the strength of the association of plasma Cu with GDM odds was
evaluated by odds ratios (ORs) with 95% confidence intervals (CIs)
from conditional logistic regression, with adjustment for age, pre-
pregnancy BMI, gestational age, parity, family history of diabetes,
drinking and smoking status [25]. The median value of each quar-
tile of Cu was considered as a continuous variable in the logistic
regression models to test for a linear trend. Associations of plasma
Cu levels with FPG, 1-h post-glucose load, 2-h post-glucose load,
FPI, HOMA-IR, TC, TG, LDL-C and HDL-C were estimated by
Spearman or Pearson correlation coefficients according to the dis-
tribution of relevant variables. After adjusting for the covariates
aforementioned, partial correlation coefficients were calculated.
Statistical analyses were performed using SPSS 20.0 software
package (SPSS Inc.). A two-tailed P value < 0.05 was considered
statistically significant.
3. Results

Among the 651 eligible women who agreed to attend the study,
3 had missing information on age or parity. After exclusions, 312
women with GDM and 336 healthy pregnant women were eligible
for caseecontrol matching according to the methods. Finally, 248
GDM cases and 248 matched controls were selected by SPSS soft-
ware for further analyses. Characteristics of the participants are
presented in Table 1. No relevant differences were showed in age,
parity and gestational age between groups. Compared to controls,
women with GDM were more likely to have a family history of
diabetes, higher prepregnancy BMI, higher concentrations of FPG,
1-h OGTT, 2-h OGTT, FPI, TG and HOMA-IR index. Additionally,
women who developed GDM displayed significantly increased Cu
concentrations compared with control subjects (mean ± SD:
1960.24 ± 391.98 mg/L in GDM group, 1842.43 ± 387.09 mg/L in
control group, P ¼ 0.001).

Table 2 displays the results of crude and adjusted logistic
regression analyses between plasma Cu concentration and GDM
odds. The ORs (95% CIs) of GDM across increasing quartiles of
plasma Cu levels were 1.00 (referent), 1.60 (0.89e2.85), 2.44
(1.35e4.39) and 3.01 (1.68e5.38), respectively. The results
remained robust after adjusting for age, prepregnancy BMI, gesta-
tional age at blood drawing, family history of diabetes, drinking and
smoking status, which indicated that women in the highest quartile
had 2.91 times the odds (95% CI 1.48e5.75) of developing GDM
compared to the reference quartile (lowest quartile). Furthermore,
the ORs (95% CI) of GDM for each SD increment of plasma Cu was
1.33 (1.06e1.67).

Significant positive correlations were identified betweenplasma
Cu and FPG, 1-h OGTT, 2-h OGTT, FPI, HOMA-IR and TG concen-
trations (all P < 0.05) (Table 3). After adjustment for covariates
aforementioned, Cu concentrations remained positively associated
with FPG (P ¼ 0.001, r ¼ 0.147), 1-h OGTT (P ¼ 0.043, r ¼ 0.092) and
2-h OGTT (P ¼ 0.002, r ¼ 0.141).
4. Discussion

In this caseecontrol study, we found that plasma Cu concen-
trations were significantly and positively associated with GDM
odds, independent of the established risk factors for GDM [26].
Moreover, plasma Cu was positively correlated with FPG, 1-h post-
glucose load and 2-h post-glucose load.

We for the first time examined plasma Cu concentrations in
relation to odds of GDM in a relatively large sample size. Previous
studies only focused on the difference of Cu concentrations be-
tween GDM case and control groups, without further exploration
of the relation between Cu and GDM risk due to the small sample
size [19e22]. For instance, in the caseecontrol study conducted by
Wang et al., in 2002 [19], Cu concentrations in GDM group
(n ¼ 46) were significantly higher than those in healthy pregnant
group (n ¼ 90), which was consistent with our results. However, a
couple of studies assessing the association between essential
trace elements and GDM indicated that no statistically significant
differences were found in serum Cu concentrations between
healthy pregnant women and women with GDM [20e22]. In
addition, Loven et al. found that no significant difference in serum
concentrations of ceruloplasmin, a blue colored protein that binds
up to 95% of circulating Cu [27], between GDM case and control
groups, while the activity of ceruloplasmin in women with GDM
was slightly higher [20]. Considering that the sample sizes of the
scarce studies were limited and few confounding factors were
adjusted in the analyses, the results should be interpreted with
caution. On the other hand, our findings regarding the positive
relationship between plasma Cu levels and GDM odds are in
agreement with previous studies on type 2 diabetes among non-
pregnant populations. Recently, a meta-analysis involving a total
of 1079 diabetic patients and 561 healthy controls identified that
patients with diabetes carried higher levels of Cu than healthy
individuals. Stratification analyses also revealed similar results
[10]. Besides, a prospective cohort study encompassing 16160
Japanese participants found that dietary intake of Cu, which was
obtained by a validated food frequency questionnaire, was posi-
tively associated with risk of type 2 diabetes, and people in the
highest quartile of Cu intake had 1.55-fold risk (95% CI 1.13e2.02)
of developing diabetes compared with those in the lowest quartile
[28]. In view of the study design and large sample sizes of these
two studies, the positive results lent convincing support to the
hypothesis that Cu was involved in the pathogenesis of abnormal
glucose metabolism.

In our study, the mean concentrations of plasma Cu in women
with or without GDM were 1960.24 mg/L and 1842.43 mg/L,
respectively, which were higher than in the non-pregnant popu-
lation in other studies [29,30]. Previous studies conducted in
different countries have also found that serum Cu levels were
higher in pregnant women than in non-pregnant healthy subjects
[16,31,32]. These differences may be attributed to several factors.
The increased need for maternal Cu-dependent enzymes such as
SOD and cytochrome c oxidase might lead to the rise of Cu ab-
sorption during pregnancy [16]. In addition, dietary habits often
change a lot after pregnancy. The pregnant women are prone to
consumemore food rich in Cu such as animal foods [33]. Moreover,
Arredondo et al. found that concentrations of circulating estrogens
in healthy adults could influence a series of indicators customarily
used to assess nutritional status of Cu like serum Cu and cerulo-
plasmin. Results of the cellular experiments also supported the
in vivo data [34]. Thus, hormonal changes during pregnancymay be
part of the explanation for higher circulating Cu concentrations
observed in gestational women in comparison to non-pregnancy
subjects. However, on the other hand, plasma Cu levels in this
population were similar to those in pregnant women reported in



Table 1
Characteristics of the GDM and control groups.a

Characteristics GDM (N ¼ 248) Non-GDM (N ¼ 248) P

Age, y 30.03 ± 3.73 29.41 ± 3.81 0.067
Parity, n (%) 1.000
1 201 (81.05) 201 (81.05)
2 45 (18.15) 45 (18.15)
�3 2 (0.80) 2 (0.80)
Gestational age at blood drawing, wk 28.00 (26.00e30.00) 28.00 (26.00e30.00) 0.985
Prepregnancy BMI, kg/m2 22.18 ± 3.09 20.68 ± 2.71 <0.001
Family history of diabetes, n (%) 63 (25.40) 35 (14.11) 0.001
Alcohol consumers, n (%) 12 (4.84) 10 (4.03) 0.663
Smokers, n (%) 4 (1.61) 5 (2.02) 0.737
Fasting plasma glucose, mmol/L 5.23 (5.06e5.47) 4.72 (4.60e4.93) <0.001
OGTT-1h, mmol/L 9.69 (8.59e10.92) 7.42 (6.51e8.43) <0.001
OGTT-2h, mmol/L 8.62 (7.49e9.35) 6.88 (6.16e7.64) <0.001
Fasting plasma insulin, mU/mL 10.40 (7.83e14.07) 8.08 (6.19e10.49) <0.001
HOMA-IR 2.47 (1.75e3.33) 1.68 (1.27e2.28) <0.001
Total cholesterol, mmol/L 5.49 (4.79e6.34) 5.49 (4.78e6.23) 0.606
Triglycerides, mmol/L 2.83 (2.33e3.69) 2.51 (2.02e3.43) 0.002
LDL cholesterol, mmol/L 3.27 (2.51e3.98) 3.16 (2.62e3.85) 0.796
HDL cholesterol, mmol/L 1.36 (1.17e1.57) 1.39 (1.14e1.63) 0.648
Cu, mg/L 1960.24 ± 391.98 1842.43 ± 387.09 0.001

Abbreviations: BMI, body mass index; Cu, copper; HDL, high density lipoprotein; GDM, geatational diabetes mellitus; HOMA-IR, homeostasis model assessment of insulin
resistance; LDL, low density lipoprotein; OGTT-1h, 1-h post-glucose load; OGTT-2h, 2-h post-glucose load.

a Valus are means ± SDs for normally distributed data, median (IQRs) for nonnormally distributed data, or n (%) for categorial data. Comparison between case-controls were
performed with Student's t test or ManneWhitney U test for continuous variables, and chi-square test for categorical variables.

Table 2
Association between plasma Cu concentrations and GDM.a

Quartiles of plasma Cu concentration P value for
trendd

Per SD increment of
plasma Cu

Quartile 1
(�1594.27 mg/L)

Quartile 2 (1594.28
e1809.89 mg/L)

Quartile 3 (1809.90
e2064.04 mg/L)

Quartile 4
(>2064.04 mg/L)

No. of GDM cases/
controls

34/62 50/62 74/62 90/62

Crude model 1 1.60 (0.89e2.85) 2.44 (1.35e4.39) 3.01 (1.68e5.38) <0.001 1.40 (1.15e1.71)
Model 1b 1 1.70 (0.88e3.29) 2.44 (1.24e4.78) 2.72 (1.40e5.27) <0.001 1.31 (1.05e1.64)
Model 2c 1 1.79 (0.90e3.55) 2.72 (1.35e5.48) 2.91 (1.48e5.75) <0.001 1.33 (1.06e1.67)

Abbreviations: Cu, copper; GDM, gestational diabetes mellitus; SD, standard deviation.
a Values are ORs (95% CIs).
b Model 1 adjusted for age (years) and prepregnancy body mass index (kg/m2).
c Model 2 adjusted for model 1 plus gestational age at blood drawing (weeks), parity, family history of diabetes (yes/no), drinking habits (yes/no) and smoking (yes/no).
d Tests for linear trend were conducted by using the median value for each quartile and treating it as a continuous variable in the conditional logistic regression.

Table 3
Correlation coefficients between Cu and other variables of interest.

Variables Unadjusted Adjusteda

r P r P

Fasting plasma glucose, mmol/L 0.203 <0.001 0.147 0.001
OGTT-1h, mmol/L 0.113 0.012 0.092 0.043
OGTT-2h, mmol/L 0.126 0.005 0.141 0.002
Fasting plasma insulin, mU/mL 0.157 <0.001 0.053 0.245
HOMA-IR 0.187 <0.001 0.068 0.135
Total cholesterol, mmol/L 0.053 0.237 0.072 0.114
Triglycerides, mmol/L 0.096 0.033 0.067 0.141
LDL cholesterol, mmol/L 0.045 0.317 0.050 0.274
HDL cholesterol, mmol/L �0.037 0.414 0.017 0.703

Abbreviations: Cu, copper; HDL, high density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance; LDL, low density lipoprotein; OGTT-1h, 1-h post-
glucose load; OGTT-2h, 2-h post-glucose load.

a Partial correlations, adjusted for age (years), prepregnancy body mass index (kg/m2), gestational age at blood drawing (weeks), parity, family history of diabetes (yes/no),
drinking habits (yes/no) and smoking (yes/no).
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previous studies [16,19,31,32], which made our results more com-
parable to other studies.

There is biologic plausibility for an important role of Cu in GDM
risk. First, ROS is thought to contribute to the development of in-
sulin resistance [35]. Cu ion can facilitate ROS production by
mediating the transfer of electrons, and it has high reactivity in the
oxidation reduction reactions [36]. High levels of Cu ion and ROS
have been found in diabetic C57BL/KsJ-db/db mice, then treatment
with Cu chelating agent reduced ROS levels, and consequently
ameliorated glucose and lipid metabolism [13]. These findings
indicated that Cu might be involved in the pathogenesis of glucose
metabolic disorders through ROS generation. Second, Cu can in-
crease the rate of advanced glycation end-products (AGEs) forma-
tion, which is associated with diabetes and its complications [37].
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There is evidence that treatment of diabetic rats with Cu chelator
could significantly reduce the levels of serum Cu as well as AGEs
and AGE-precursors [38]. AGEs are deemed to produce the patho-
logical Cu2þ-binding sites in tissues, once AGEs-mediated Cu2þ

binding is initiated, a feedforward process of Cu2þ catalysis be-
comes activated, thus further enhance the AGEs-modification and
Cu2þ trapping potential [39]. Third, due to its ability to directly bind
proteins and nucleic acids, Cu plays a role in oxidative modification
reactions in situ and the occurrence of protein crosslinking, which
could lead to impaired activity [40]. Forth, Cu ionwas found to have
the ability to stimulate the aggregation of human amylin peptide
into amyloid fibril [41], which is associated with reduced b-cell
mass and progressive islet b-cell failure [42]. In the meanwhile, the
by-product H2O2 generated during the process could also induce
damaging oxidation, cell toxicity and progressive b-cells degener-
ation [43].

Although our study found a positive relationship between
plasma Cu concentrations and GDM odds, the role of Cu in any
causal or compensatory pathway is still unclear. Diabetic status
may also have some influence on Cu metabolism and ultimately
affect Cu uptake or distribution [44]. As key proteins for Cu trans-
port, Cu(Ⅰ)-ATPases (ATP7A and ATP7B proteins) were found to be
involved in diabetes pathogenesis. Animal study conducted by
Zhang et al. demonstrated that diabetes depressed levels of ATP7B
protein and also altered its localization in left ventricular samples,
whereas Cu selective chelator elevated ATP7A [45]. Another group
found that physiological concentrations of insulin increased ATP7B
activity in cultured hepatic cells and in tissues while glucagon had
opposite effect [46]. In addition, according to previous study, pa-
tients with hyperglycemia were showed to have increased glycated
and less active Cu, Zn-SOD [47]. A site-specific and random frag-
mentation of human Cu, Zn-SOD was observed following the gly-
cation reaction, leading to the inactivation of the enzyme and a
time-dependent release of Cu2þ, which exacerbated oxidative
stress and insulin resistance in turn [48]. More studies are needed
to help understand the possible mechanisms involved in the
disruption of Cu homeostasis in patients with glucose metabolic
disorders.

Our study displayed various strengths. As far as we know, this is
the first study systematically investigating the association between
plasma Cu concentrations and odds of GDM in a relatively large
sample size. The diagnosis of GDMwasmade by an OGTTand all the
participants were free of former diagnosis, because treatments like
lifestyle changes may alter the status of Cu metabolism and distort
the association. Moreover, each case was well matched to one
control by age, gestational age at blood drawing and parity to
minimize the influence of these major confounders.

Several limitations of our study should also be acknowledged.
First, the caseecontrol nature of our study disenabled us to infer
any causality relationship. Second, the participants in this study
were from a specific city in China, which limits the generaliz-
ability of our findings to other populations. However, the relative
homogeneity of this study population in ethnic background and
copper environmental exposure enhances the internal validity of
our findings. Third, dietary intake data was not available in our
study, which disenabled us to conduct the analysis between di-
etary factors and plasma Cu. However, circulating Cu is an
accepted biomarker of Cu intake and is able to objectively assess
dietary consumption without the bias of self-reported dietary
intake errors [49,50]. Furthermore, even that we have controlled
for various confounding factors like age, prepregnancy BMI,
gestational age and parity, there might be other residual con-
founding that we did not measure but may impact the association
examined, such as supplements use during pregnancy or morning
sickness.
In conclusion, our study indicated a significantly increased odds
of GDM in association with higher concentrations of plasma Cu.
Prospective cohort studies in other populations are needed to
confirm our findings and explorations of the role of Cu in GDM
pathogenesis should be undertaken using in vivo and in vitro
models.
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