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ABSTRACT

Handling Editor: Yong-Guan Zhu

Background: The effect of maternal copper (Cu) level on the risk of spontaneous preterm birth (SPB) remains
debate. Therefore, we conducted a prospective nested case-control study in Shanxi Province to investigate the
relationship between maternal serum Cu concentration and SPB risk, as well as the potential mediation effect of
lipid metabolism.
Method: From an overall cohort of 4229 women, 147 women affected by SPB at 20–36 gestational weeks (cases)
and 381 women who delivered at ≥37 gestational weeks (controls) were included in our nested case-control
study. Maternal blood samples were collected during 4–22 gestational weeks, and the concentrations of Cu, total
cholesterol (TC), and triglycerides (TG) were measured. Information on maternal social demographic characteristics were collected using questionnaires. Unconditional logistic regression models were used to estimate
the associations of Cu, TC or TG levels with SPB risk. Linear regressions were used to assess the relationships
between concentrations of Cu and TC or TG.
Results: Serum Cu concentrations in the case group (median: 184 μg/dL) were significantly higher than those in
the control group (median: 166 μg/dL, p < 0.0001). Compared to the lowest serum Cu levels, the odds ratios
associated with SPB increased to 2.02 (95% confidence interval [CI]: 1.07, 3.82), 3.10 (1.54, 6.22) and 4.18
(2.11, 8.27) in the second, third and fourth quartile respectively, after adjusting for sampling time, maternal age,
pre-pregnancy BMI, education, occupation, parity, spontaneous abortion history, folic acid use, medication use,
pre-pregnancy passive smoking status, child gender and fasting status. Plasma concentrations of TC and TG were
positively associated with SPB risk in a dose-dependent manner. However, when stratified by sampling time, the
above-mentioned relationships were significant in the first trimester but not in the second. In addition, plasma
concentrations of TC and TG were positively correlated with serum Cu concentrations.
Conclusions: High maternal Cu level in the first trimester may increase the risk of SPB, by potentially increasing
plasma concentrations of TC and TG.
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1. Introduction
Preterm birth, defined as a live birth at < 37 weeks gestational age,
remains one of the leading causes of perinatal morbidity and mortality
worldwide (Liu et al., 2012). In China, about 7.1% of live births are

affected by preterm birth (Blencowe et al., 2012), and about 75% of
these are spontaneous preterm birth (SPB) (Zou et al., 2014), including
spontaneous preterm labor with intact membranes and preterm premature rupture of the membranes (PPROM) (Goldenberg et al., 2008).
Although risk factors for SPB (e.g., history of preterm birth, periodontal
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disease, and low maternal body mass index) have been reported, the
underlying drivers of SPB remain unclear. In particular, knowledge
gaps exist on the effect of the imbalance of maternal essential trace
metals on SPB.
Copper (Cu) is an essential trace element for numerous biological
processes, but disorders of Cu metabolism in pregnancy, either deficiencies or excesses, can lead to severe diseases, such as preeclampsia
(Song et al., 2017). However, effect of Cu intake on the risk of preterm
birth is not well understood. Recently, some studies (Li et al., 2018;
Perveen et al., 2002; Schulpis et al., 2004; Zadrożna et al., 2009) have
suggested an increased risk of preterm birth with Cu deficiency and
while some others (Alebic-Juretic and Frkovic, 2005; Carmichael et al.,
2013) have found no association between Cu level and preterm birth.
However, most studies (Alebic-Juretic and Frkovic, 2005; Carmichael
et al., 2013; Li et al., 2018; Perveen et al., 2002; Schulpis et al., 2004)
have only focused on overall preterm birth and have not separated iatrogenic preterm birth from SPB. However, iatrogenic preterm birth is
the labor induction or caesarean delivery caused by maternal or fetal
complications and for SPB the exact causes or mechanisms are still
unclear (Goldenberg et al., 2008). They are different subtypes of preterm birth and involved with different risk factors and underlying
mechanisms, so it is not suitable to take iatrogenic preterm birth and
SPB as a whole when discuss their risk factors and mechanisms (Dekker
et al., 2012; Goldenberg et al., 2008). Additionally, most previous
studies (Perveen et al., 2002; Schulpis et al., 2004; Zadrożna et al.,
2009) were case-control studies and the Cu concentrations were investigated in samples collected post delivery, such as umbilical cord
blood (Li et al., 2018; Perveen et al., 2002), newborn blood (Schulpis
et al., 2004) or placenta (Zadrożna et al., 2009). During pregnancy, Cu
concentration increased with gestational age (Izquierdo et al., 2007). So
in these studies the gestational age of sampling time was different between term birth (≥37 weeks) and preterm birth (< 37 weeks) and the
difference of gestational age may cause a substantiality discrepancy of
Cu concentration. In addition, from a preventative point of view, understanding the impact of maternal blood Cu level, especially during
the first and second trimesters, is of particular interest, because it is
relatively easy to intervene before delivery and may have more effective results on pregnancy outcomes. However, to the best of our
knowledge, only one cohort study (Wilson et al., 2018) have examined
the association between maternal Cu levels and the risk of SPB and
suggested lower Cu levels were associated with lower risk of preterm
birth in first trimester. But the sample size of that study was relative
small (N = 1065). Therefore, it is necessary to investigate the relationship of maternal Cu intake and SPB risk at an early stage in study
with a large sample size.
Some epidemiology (Shoji et al., 2017; Wells et al., 2014) and animal studies (Galhardi et al., 2004) have documented a positive relationship between Cu intake and dyslipidemia, including disorders of
total cholesterol (TC) and triglycerides (TG) by increasing lipid hydroperoxide concentrations and reducing the superoxide dismutase and
glutathione peroxidase activities. In addition, several studies have reported that the risk of SPB increases with high concentrations of TC and
TG (Catov et al., 2008; Catov et al., 2007a, b; Jiang et al., 2017; Mudd
et al., 2012). Therefore, we hypothesized that high maternal Cu intake
levels will be associated with an increased risk of SPB via increases in
the concentrations of TC and TG. Though, the mechanisms how high
maternal lipid levels link to SPB risk remain poorly understood, studies
have suggested that high lipids were associated with oxidative stress
and systemic inflammation, and may also be related to placental dysfunction and microvascular injuries, which may result in SPB (Catov
et al., 2008; Napoli and Lerman, 2001). Subsequently, we conducted a
prospective nested case-control study in Shanxi Province, China, aiming
to estimate the association of maternal serum Cu levels with SPB and to
investigate the possible pathways of lipid metabolism.

2. Methods
2.1. Study design and participants
A nested case-control study was conducted in a prospective cohort
of 4229 women from December 2009 to December 2013 in Shanxi
Province, China. Women were recruited into the cohort if they met the
following criteria: (Alebic-Juretic and Frkovic, 2005) prenatal examination at ≤22 gestational weeks, (Blencowe et al., 2012) at least
18 years old, (Carmichael et al., 2013) living in the local area for at
least 1 year, and (Catov et al., 2008) agreed to provide signed informed
consent. When the women attended their first prenatal examination,
information about maternal social demographic characteristics was
collected by trained healthcare workers using a structured questionnaire. Meanwhile, maternal blood was collected during 4–22 gestational weeks. The recruited women were prospectively followed up
until delivery or pregnancy termination. Information about prenatal
care, maternal and neonatal complications, and outcomes was recorded
in a maternal health care booklet by healthcare workers. The study was
approved by the Institutional Review Board of Peking University, and
all participants provided written informed consent.
Among the cohort of 4229 women, women were excluded from the
study if they withdrew (N = 216), were lost to follow-up (N = 83),
terminated the pregnancy (N = 216), had iatrogenic preterm birth
(N = 17), had multiple births (N = 34), were recruited at < 4 or > 22
gestational weeks (N = 18), did not have the information about fetal
number (N = 16), last menstrual period (N = 3), delivery date
(N = 116) or did not provide blood samples (N = 313). A total of 3197
women remained, including 198 with SPB (cases) and 2999 term births.
Of the term births, we further excluded 204 births with low birth
weight or small gestational age. Among the included term births, we
randomly selected 396 women with term birth (controls) in a ratio of
1:2. Due to inadequate volume of some blood samples, a total of 147
cases and 381 controls were finally included in our nested case-control
study (see selection diagram in Fig. 1). The population included in this
study (N = 528) were similar to the overall population (N = 3197, see
Table A.1). There were no mothers who gave birth before 22 gestational
weeks. A total of 27 mothers were recruited during 21–22 gestational
weeks and all of them gave birth after 34 gestational weeks.
2.2. Laboratory analyses
Maternal blood samples were collected by healthcare workers at the
first prenatal visit. Two different tubes, i.e. red tube (Lot No.
BD367814) for separating serum and purple tube (Lot No. BD367863)
for separating plasma, were used to collect blood samples. Serum and
plasma samples were then respectively transferred into screw-top vials,
stored at −80 °C, and thawed prior before analysis. Serum concentrations of Cu were measured using inductively coupled plasma-mass
spectrometry (ICP-MS; ELAN DRC II, PerkinElmer, USA). The measured
Cu concentration in the standard serum samples (ClinChek® - Serum
Control, Level II, RECIPE GmbH, Munich, Germany) was
1358 ± 44.7 ng/mL [median value ± standard deviation], which was
consistent with the reference value, i.e., 1360 ± 204 ng/mL. The limit
of detection was 0.03 ng/mL. Quantitative analysis was conducted at
the Central Laboratory of Biological Elements in Peking University
Health Science Center, and the protocol was qualified by the China
Metrology Accreditation (CMA) system. Plasma TC and TG concentrations were measured using the oxidative method (INTEC (Xiamen)
Technology Co., LTD, China) following the standard protocol. The optical density was quantified using an automatic biochemical analyzer
(Olympus AU400, Japan).
2.3. Definitions
In this study, preterm birth was defined as live births with a
238
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4229 pregnant women recruited
216 Withdrew
83 Loss to follow-up
3930 Delivered
216
99 Abortion
42 Stillbirth
51 Terminated for defects
24 Terminated for other reasons

3714 Live births

3197 Live singletons

517
3 Last menstrual period missing
50 multiple births or information missing
116 Delivery date missing
18 Recruit <4 or >22 gestational weeks
17 Iatrogenic preterm
313 Unavailable mater blood sample

2999 Term ( 37
gestational weeks)

198 Spontaneous
preterm birth

204 (Independently ):
22 Low birth weight
204 Small for gestational age

396 Term (1:2)

51 Inadequate
maternal blood

15 Inadequate maternal blood
Cases
147 SPB

Controls
381 Term

Fig. 1. Flow diagram of selection of cases and controls from the cohort.

gestational age of 20–36 weeks. Preterm birth was further categorized
into two subtypes according to pregnancy complication. Iatrogenic
preterm birth was defined as that caused by medical or obstetric
complications, including pregnancy-induced hypertension, preeclampsia, chronic hypertension, diabetes, placenta praevia and placental abruption. The other cases were defined as SPB, including
spontaneous preterm labor with intact membranes and PPROM.
Controls were pregnant women who delivered at ≥37 gestational
weeks. The maternal pre-pregnancy body mass index (BMI) was calculated based on the height and weight recorded in the questionnaire.
Gestational age was calculated based on the first day of the maternal
last menstrual period. The cutoff for first and second trimester was
13 weeks.

2007), we stratified all of the above-mentioned relationships by sampling time (first and second trimester). Moreover, categorical variables
were treated as ordinal variables in the multivariate regression model
to test the significance of the linear trend. Sensitivity analyses were also
conducted to assess if the statistical results were stable enough. First,
we conducted a sensitivity analysis by excluding participants who experienced placenta praevia (N = 2), placental abruption (N = 3), hypertension (N = 9) or diabetes (N = 5) in control group (N = 12), and
who born small gestational age (N = 29) or low birth weight (N = 5)
infants in case group (N = 29). Then, we conducted sensitivity analyses
by excluding participants who had the history of previous preterm birth
(N = 8) or stillbirth (N = 8), experienced post-term birth (N = 24) separately. Data were analyzed using SPSS for Windows software package
(ver. 20.0; SPSS Inc., Chicago, Illinois, USA). A two-tailed p-value <
0.05 was considered statistically significant.

2.4. Statistical analyses
We compared maternal age, Han ethnicity, pre-pregnancy BMI,
education, occupation, parity, spontaneous abortion history, folic acid
use, medication use, pre-pregnancy passive smoking status, child
gender, fasting status and sampling time between the case and control
groups. Continuous and categorical variables were compared using ttests and χ2 tests, respectively. As Cu concentrations were not normally
distributed, median and interquartile ranges (IQR) were used as descriptive parameters and the Mann-Whitney U test was used to compare
the median between case and control groups. In the dose-response
analysis, the concentrations of Cu, TC and TG were divided into four
equal quartiles. An unconditional logistic regression analysis was used
to estimate the adjusted odds ratios (OR) with 95% confidence intervals
(CI) after adjusting for potential confounders. Because the regression
standardized residuals by TC and TG approximately met the conditions
of normal distribution and equal variance, we used linear regression to
assess their relationships with serum Cu concentration. Because serum
Cu concentration increased with gestational age (Izquierdo et al.,

3. Results
In our study, the incidence of SPB was 5.3% (198/3714). A total of
528 women were included in the final analysis, including 147 cases and
381 controls; their characteristics were summarized in Table 1. Among
them, 449 (85.2%) women were come from rural area, 73 (13.9%)
women from urban or suburban area, and 5 women did not report the
information. All women originated from the Han population and were
nonsmokers. The participant characteristics, behaviors, child gender
and the median gestational age of sampling time (13 weeks) were similar between the case and control groups. The median serum Cu
concentration for all participants was 172 μg/dL (IQR, 136–198 μg/dL).
Overall, the median serum Cu concentration of cases was significantly
higher than that of controls (184 vs. 166 μg/dL, p < 0.0001). When
stratified, the relationship was still significant for participants whose
blood samples were collected during the first trimester (167 vs. 142 μg/
dL, p < 0.0001) but not for those collected during the second trimester
239
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Table 1
Characteristics of women who had SPB (cases) and women who delivered at
≥37 gestational weeks (controls) in a nested case-control study in Shanxi
Province, China, 2009–2013.
Characteristics

No. of women

Age
Mean (SD)
< 20
21–24
25–29
30–34
≥35
BMI (body mass index)
Mean (SD)
< 18.5
18.5–24.9
≥25
Education
Primary or lower
Junior high
High school
College or higher
Occupation
Farmer
Other or unknown
Parity
Nulliparous
Multiparous
Spontaneous abortion history
Yes
No
Folic acid use
Yes
No
Passive smoking
Yes
No
Medication use
Yes
No
Child gender
Boy
Girl
Fasting
Yes
No
Sampling time (weeks)
Mean (SD)
First trimester
Second trimester

Cases
(N = 147)

Controls
(N = 381)

No.a (%)

No.a (%)

11
247
171
66
32

25.84 (4.77)
5 (3.4)
71 (48.6)
47 (32.2)
13 (8.9)
10 (6.8)

26.26 (4.46)
6 (1.6)
176 (46.2)
124 (32.5)
53 (13.9)
22 (5.8)

0.335
0.382

55
342
123

22.23 (3.91)
19 (13.3)
96(67.1)
28 (19.6)

22.72 (3.56)
36 (9.5)
246 (65.3)
95 (25.2)

0.175
0.246

35
346
86
61

12 (8.2)
100 (68.0)
22 (15.0)
13 (8.8)

23 (6.0)
246 (64.6)
64 (16.8)
48 (12.6)

0.488

350
177

102 (69.4)
45 (30.6)

248 (65.3)
132 (34.7)

0.369

399
129

111 (75.5)
36 (24.5)

288 (75.6)
93 (24.4)

0.985

68
460

19 (12.9)
128 (87.1)

49 (12.9)
332 (87.1)

0.984

325
192

83 (58.0)
60 (42.0)

242 (64.7)
132 (35.3)

0.161

246
282

68 (46.3)
79 (53.7)

178 (46.7)
203 (53.3)

0.924

42
486

11 (7.5)
136 (92.5)

31 (8.1)
350 (91.9)

0.804

203 (53.3)
178 (46.7)

0.605

285
243

82 (55.8)
65 (45.2)

159
364

48 (32.7)
97 (66.0)

111 (29.1)
267 (70.1)

281
247

13.22 (4.33)
59 (50.3)
73 (49.7)

13.07 (4.63)
207 (54.3)
174 (45.7)

Table 3
Association of maternal serum levels of Cu with SPB in a nested case-control
study in Shanxi Province, China, 2009–2013.

p

Cu levels

Cases
(N = 147)
No. (%)

Controls
(N = 381)
No. (%)

Crude OR
(95%CI)a

Adjusted
OR
(95%CI)b

Adjusted
OR
(95%CI)c

< 136.2
136.2–172.3

23 (15.7)
34 (23.1)

109 (28.6)
98 (25.7)

172.4–198.7

40 (27.2)

92 (24.2)

> 198.7

50 (34.0)

82 (21.5)

1
1.64 (0.91,
2.98)
2.06 (1.15,
3.69)
2.89 (1.63,
5.11)
< 0.001

1
1.87 (0.98,
3.56)
2.76 (1.38,
5.54)
3.91 (1.97,
7.73)
< 0.001

1
2.02 (1.07,
3.82)
3.10 (1.54,
6.22)
4.18 (2.11,
8.27)
< 0.001

ptrend

SPB, spontaneous preterm birth; Cu, copper, unit: μg/dL; OR, odds ratio; CI,
confidence interval.
a
Unconditional logistic regression with no adjustment.
b
Unconditional logistic regression with adjustment for sampling time
(continuous).
c
Unconditional logistic regression with adjustment for sampling time (continuous), maternal age (continuous), BMI (continuous), education, occupation,
parity, spontaneous abortion history, folic acid use, medication use, passive
smoking, child gender and fasting.

(192 vs. 185 μg/dL, p = 0.085; see Table 2). Moreover, the overall
median Cu concentration in the second trimester was significantly
higher than that in the first trimester (188 vs. 148 μg/dL, p < 0.0001;
see Table 2).
The association between high Cu concentration and the ORs of SPB
showed a clear dose-response relationship (ptrend < 0.0001; Table 3).
Compared to the lowest serum Cu level, the ORs of SPB increased to
2.02 (95% CI: 1.07, 3.82), 3.10 (1.54, 6.22) and 4.18 (2.11, 8.27) for
the second, third and fourth quartiles respectively, after adjusting for
maternal age, pre-pregnancy BMI, education, occupation, parity,
spontaneous abortion history, folic acid use, medication use (≤22 gestational weeks), pre-pregnancy passive smoking status, child gender,
fasting status and sampling time (see Table 3).
When the analysis was stratified by sampling time, the association
was significant in the first trimester but not in the second trimester,
regardless of whether the analysis was adjusted for potential confounders (see Fig. 2 and Table A.2).
The maternal plasma concentrations of TC and TG (μmol/L) increased as the serum concentration of Cu (μg/dL) increased. Estimates
of the regression coefficient were 4.84 (95% CI: 3.08, 6.59;
p < 0.0001) and 4.10 (95%CI: 2.45, 5.76; p < 0.0001) for TC and TG,
respectively, after adjusting for potential confounders (Table 4). When
the analysis was stratified by sampling time, the association was significant in first trimester regardless of whether the analysis was adjusted for potential confounders, but in second trimester the association
between TG and Cu concentration was not significant when adjusted
(Table A.3).

0.597

0.737
0.41

SPB, spontaneous preterm birth; SD, standard deviation; CI, confidence interval.
a
Values for some characteristics may not sum to the total number of preterm
or term birth because of missing data.

Table 2
Median Cu concentrations of women who had SPB (cases) and women who delivered at ≥37 gestational weeks (controls) in a nested case-control study in Shanxi
Province, China, 2009–2013.
Groups

Total
First trimester
Second trimester

No. of women

Total population
(N = 528)
M (QR)

Cases
(N = 147)
M (QR)

Controls
(N = 381)
M (QR)

pa

528
281
247

172 (136, 198)
148 (117, 179)b
188 (170, 211)b

184 (152,215)
167 (135,204)
192 (174,224)

166 (128, 193)
142 (112, 171)
185 (168, 209)

< 0.0001
< 0.0001
0.085

SPB, spontaneous preterm birth; Cu, copper, unit: μg/dL; M, median; QR, quartile range.
a
Mann–Whitney U test between cases and controls.
b
p < 0.0001, Mann–Whitney U test between first trimester and second trimester in total population.
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Table 5
Associations of plasma levels of total cholesterol and triglycerides with SPB in a
nested case-control study in Shanxi Province, China, 2009–2013.

ALL

Lipids levels

First trimester

AOR

Second trimester

L1

L2

L3

L4

Fig. 2. Relationships of the adjusted odds ratio (OR) of maternal serum Cu with
SPB in different trimesters. Serum Cu concentration was classified into four
levels by quartiles of all subjects, i.e., < 1st quartile (L1), 1st–2nd quartile (L2),
2nd–3rd quartile (L3), > 3rd quartile (L4).

β (95%CI)

Sβ

Standardized β

0.79
0.88
0.89

0.43
0.24
0.24

< 0.0001
< 0.0001
< 0.0001

Triglyceride
Model 1a
Model 2b
Model 3c

0.76
0.86
0.84

0.39
0.23
0.22

< 0.0001
< 0.0001
< 0.0001

7.35 (5.86, 8.85)
4.42 (2.72, 6.11)
4.10 (2.45, 5.76)

Crude OR
(95%CI)a

Adjusted OR
(95%CI)b

Total cholesterol
< 3.61
17
3.61–4.23
37
4.24–4.84
46
> 4.84
47
Ptrend

(11.5)
(25.2)
(31.3)
(32.0)

115 (30.2)
95 (24.9)
89 (23.4)
82 (21.5)

1
2.64 (1.40, 4.97)
3.50 (1.88, 6.51)
3.88 (2.08, 7.23)
< 0.0001

1
3.16 (1.62, 6.16)
4.49 (2.30, 8.76)
6.31 (3.02, 13.18)
< 0.0001

Triglyceride
< 1.10
1.10–1.54
1.55–2.10
> 2.10
ptrend

(16.3)
(25.9)
(27.9)
(29.9)

109 (28.6)
92 (24.1)
93 (24.4)
87 (22.9)

1
1.88 (1.05, 3.36)
2.00 (1.13, 3.56)
2.30 (1.30, 4.07)
0.0061

1
2.05 (1.11, 3.77)
2.55 (1.36, 4.78)
3.30 (1.68, 6.48)
0.0006

24
38
41
44

(N = 24) respectively, and the results did not change significantly.

p

Total cholesterol
Model 1a
8.62 (7.07, 10.18)
Model 2b
4.84 (3.12, 6.56)
4.84 (3.08, 6.59)
Model 3c

Controls
(N = 381)
No. (%)

SPB, spontaneous preterm birth; Lipids, unit: μmol/L; OR, odds ratio; CI, confidence interval.
a
Unconditional logistic regression with no adjustment.
b
Unconditional logistic regression with adjustment for sampling time
(continuous), maternal age (continuous), BMI (continuous), education, occupation, parity, spontaneous abortion history, folic acid use, medication use,
passive smoking, child gender and fasting.

Table 4
Relationships of maternal plasma concentrations of total cholesterol and triglycerides with Cu concentration in a nested case-control study in Shanxi
Province, China, 2009–2013.
Lipids

Cases
(N = 147)
No. (%)

4. Discussion
In this prospective nested case-control study, we found that concentrations of Cu, TC and TG were positively associated with an increased risk of SPB in a dose-dependent manner in the first trimester but
not in the second trimester. Moreover, the concentrations of TC and TG
increased with increasing Cu concentrations. These results support the
hypothesis that maternal Cu level is associated with SPB risk due to
increases in the concentrations of TC and TG in the first, but not the
second trimester.
In this study, serum Cu concentrations in the first and second trimesters were similar to those reported by the China Nutrition and
Health Survey 2010–2012 of pregnant women [first trimester
(≤11 weeks): 153 μg/dL, IQR, 124–195; second (12–27 weeks):
197 μg/dL, IQR, 169–223] (Liu et al., 2016). However, serum Cu concentrations observed in this study were higher than those reported in a
Turkish study (Kilinc et al., 2010) and higher than Cu concentrations in
umbilical cord serum in a Chinese cohort study (Li et al., 2018). Our
observed concentrations were lower than plasma concentrations reported in an Australian (Wilson et al., 2018) and a Croatian study
(Alebic-Juretic and Frkovic, 2005). These differences may be caused by
differences in sample type, country, and sampling time. However, as
suggested by previous studies, Cu concentrations in serum are a reliable
indicator of the Cu levels in both depleted and replete populations,
unlike plasma and other methods (Harvey et al., 2009). Therefore, the
serum Cu concentrations observed in our study can be considered representative of the maternal Cu level in China at some scale.
Several previous studies have estimated the association between Cu
level and preterm birth, but most of these studies have been conducted
post delivery and did not separate SPB from iatrogenic preterm birth. As
far as we know, only one cohort study examined the relationship between maternal Cu level and SPB in the first trimester (Wilson et al.,
2018). These authors reported that, compared to women with high Cu
(3rd tertile), women with lower Cu had a decreased risk for SPB [2nd
tertile: adjusted RR = 0.52 (0.28, 0.98); 1st tertile: adjusted RR = 0.62
(0.34, 1.15)] (Wilson et al., 2018). In other words, the study suggested
that compared to women with lower copper level women with high
copper had increased risk, which is consistent with our findings in the

Cu, copper, unit: μg/dL; Lipids, unit: μmol/L; OR, odds ratio; CI, confidence
interval.
a
Linear regression with no adjustment.
b
Linear regression with adjustment for sampling time (continuous).
c
Linear regression with adjustment for sampling time (continuous), maternal age (continuous), BMI (continuous), education, occupation, parity,
spontaneous abortion history, folic acid use, medication use, passive smoking,
child gender and fasting.

Compared to the lowest maternal plasma TC level, the ORs of SPB
risk based on cholesterol increased to 3.16 (95%CI: 1.62, 6.16), 4.49
(95%CI: 2.30, 8.76) and 6.31 (95%CI: 3.02, 13.18) and the ORs based
on TG increased to 2.05 (95%CI: 1.11, 3.77), 2.55 (95%CI: 1.36, 4.78)
and 3.30 (95%CI: 1.68, 6.48) in the second, third, and fourth quartiles,
respectively, after adjusting for potential confounders (Table 5). The
results for TC and TG also exhibited clear dose-response relationships
(TC: p < 0.0001; TG: p = 0.0006; Table 5). However, when stratified
by sampling time, the relationships became more distinct (Table A.4).
The relationships with SPB were still significant in the first trimester,
but not in the second trimester, except for the association between the
highest TC level and SPB (adjusted OR: 6.19, 95%CI: 1.25, 30.62; Table
A.4).
To test the robustness of our results, we conducted a sensitivity
analysis by excluding who experienced pregnancy-induced hypertension, preeclampsia, chronic hypertension, diabetes, placenta praevia
and placental abruption in control group (N = 12), and who born small
gestational age or low birth weight infants in case group (N = 29)
(Tables A.5–A.7). The results were similar to primary analyses. We also
conducted sensitivity analyses by excluding participants who consumed
alcohol during pregnancy (N = 4), had the history of previous preterm
birth (N = 8) or stillbirth (N = 8), experienced post-term birth
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first trimester. However, in the cohort study, Cu concentrations were
measured in plasma and not serum, as in our study (Wilson et al.,
2018). Several previous studies have reported that Cu deficiency in
newborn serum, umbilical cord blood (serum and plasma) and placenta
were correlated with preterm birth (Li et al., 2018; Perveen et al., 2002;
Schulpis et al., 2004; Zadrożna et al., 2009). In contrast, other studies
have not found an association between maternal plasma Cu intake and
preterm birth (Alebic-Juretic and Frkovic, 2005). These discrepancies
may be due to differences in population, study design, sample type or
sampling time. Most previous studies have been case-control studies
and Cu concentrations were determined in samples collected post delivery from newborn blood, umbilical cord blood, or placenta, resulting
in differences in the sampling time between preterm birth (< 37 weeks)
and term birth (≥37 weeks). However, Cu concentrations in pregnancy
increase with gestational age (Izquierdo et al., 2007). Compared to the
term group, the Cu deficiency in the preterm group may have resulted
from the smaller gestational age of sampling time in the preterm group
and, to some extent, even the high Cu level in the preterm group may
have been covered by the difference in sampling time. Moreover, general case-control studies are limited in their capacity to identify causal
relationships because of the limitation of distinguishing the time order.
In our prospective nested case-control study, the sampling time occurred before delivery (4–22 gestational weeks) and was similar
(13 weeks) for the case and control groups; therefore, our results may
be more likely to represent a causal relationship between high maternal
Cu level and SPB risk.
Likewise, we found that plasma concentrations of TC and TG increased with increasing serum Cu, which was consistent with most
previous animal and epidemiology studies of other populations
(Galhardi et al., 2004; Shoji et al., 2017; Wells et al., 2014). Previous
animal studies reported that the increased lipid profile induced by Cu is
associated with oxidative stress, since high Cu intake increased lipid
hydroperoxide concentrations and reduced the superoxide dismutase
and glutathione peroxidase activities (Galhardi et al., 2004). Furthermore, we found that increased plasma concentrations of TC and TG
were positively associated with an increased risk of SPB. This finding is
consistent with a series of studies by Catov et al., who consistently
demonstrated that dyslipidemia in the first trimester was associated
with more than twice the OR of SPB (Catov et al., 2008; Catov et al.,
2007a, b). Moreover, a recent meta-analysis reported that elevated
maternal lipids were associated with a higher risk of SPB (OR = 1.67,
95% CI: 1.05, 2.68, p = 0.031), but not of iatrogenic preterm birth
(OR = 1.11, 95% CI: 0.64, 1.91, p = 0.715) (Jiang et al., 2017). The
mechanisms of how increased maternal lipid levels link to SPB remain
poorly understood. However, previous studies have suggested that high
lipids levels are associated with oxidative stress and systemic inflammation and may also be related to placental dysfunction or microvascular injuries that lead to SPB (Catov et al., 2008; Kelly et al.,
2009). Our findings suggest that high maternal Cu level may increase
the risk of SPB, by potentially increasing plasma concentrations of TC
and TG.
Several limitations should be considered when interpreting our results. First, all participants in this study were recruited in Shanxi province of China and of Han ethnicity, thus extrapolation of our results to
other populations with different demographic characteristics or in other
areas should be careful. Second, other internal biomarkers of lipid
metalation between Cu and SPB were not measured and we did not
know if TC/TG is a confounder or a mediator, which limits the interpretation of potential pathways. Third, the information on maternal
drug abuse during pregnancy were not collected. Finally, the sample
size was relatively small for some of the subgroups when the analysis
was stratified.
However, our study has several advantages compared to previous
studies. First, all of the cases and controls included in our study came
from the same population of the cohort, and the baseline characteristics
were similar among them, such as ethnicity, education level and

occupation. Therefore, the homogeneity of genetic and exposure
backgrounds helped to reduce the residual confounding. Second, this
study was nested in a prospective cohort, which allowed us to record
exposure and outcome data prospectively and to minimize the potential
for selection and recall bias. In our study, all of the concentrations were
determined using maternal blood collected during 4–22 gestational
weeks, which allows us estimate a possible causal relationship between
maternal Cu and SPB and to provide predictive and preventive values
for SPB in the first trimester. Third, the sampling time for the cases and
controls in our study were similar (i.e., 13 weeks), which can minimize
the effects of gestational age on increased concentrations of Cu, TC and
TG during pregnancy. Fourth, we only included the SPB cases rather
than all preterm cases (iatrogenic preterm birth and SPB), so we were
able to examine the relationships with SPB more precisely. Finally, the
sample size in our study was larger than that in most previous studies.
5. Conclusion
Our study provides unique insight into the effects of maternal Cu
level on SPB development, as well as the potential mechanisms in terms
of lipid metabolism. Our results suggest that high maternal Cu intake in
the first trimester may increase the risk of SPB by potentially increasing
the concentrations of TC and TG.
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