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Abstract
Background: To determine the relationship between maternal anxiety and cortisol values and birth weight at
various stages of pregnancy.
Methods: Two hundred sixteen pregnant Chinese women were assessed for anxiety and depression and had
measurement of morning fasting serum cortisol. Women were assessed either in the first (71), second (72) or third
(73) trimester. Birth weights of all children were recorded.
Results: There were significant negative correlations between anxiety level and birth weight of − 0.507 (p < 0.01)
and − 0.275 (p < 0.05) in trimesters 1and 2. In trimester 3 the negative relation between anxiety and birth weight of
−.209 failed to reach significance (p = 0.070). There was no relation between depression and birth weight in any
trimester (p > 0.5 for all). Maternal cortisol was significantly inversely related to birth weight in trimester 1 (r = − 0.322)
and with borderline significance in trimester 2 (r = − 0.229). Anxiety score and maternal cortisol were significantly
correlated in each trimester (r = 0.551, 0.650, 0.537). When both anxiety score and maternal cortisol were simultaneously
included in multiple regression analyses only anxiety score remained significant.
Conclusion: Whilst both maternal anxiety score and maternal cortisol are inversely related to birth weight the
associations with anxiety score were more robust perhaps indicating the importance of mechanisms other than,
or in addition to, maternal cortisol in mediating the effects of anxiety. The findings indicate the importance of
measures to reduce maternal anxiety, particularly of a severe degree, at all stages of pregnancy.
Trial registration: The study was approved by the Ethics Committee of the 1st Affiliated Hospital of Xi’an
Jiaotong University.
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Background
It is well recognised that low birth weight, generally defined as < 2.5 kg (Kg), is associated with deleterious effects
in adult life, including increased susceptibility to cardiovascular disease [1–4]. In addition it has been shown that
even in the ‘normal’ birth weight range inverse relationships exist between birth weight and a range of health
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outcomes such as blood [5] pressure. Thus aside from any
immediate consequences of variation in birth weight, understanding the causes of this variation are of importance
to health in later life.
A number of factors are known to affect birth weight [6].
These include maternal cigarette smoking, maternal nutrition, foetal abnormalities, maternal diabetes and others. Psychological disturbances are common during pregnancy and
can include features of both anxiety and depression. Estimates of their prevalence have varied widely probably depending in part on the nature of the instruments as well
maternal background. Studies from the UK reported anxiety
in 22% and depressive symptoms in 19% of women during
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Methods
Full details of the cohort have been given previously
[20, 22]. In brief, levels of anxiety were assessed by
questionnaire in 231 pregnant Chinese women attending a major university hospital for antenatal care. 15
women were lost to follow-up, leaving 216 included
in the final data analysis. All gave birth in hospital
and birth weight were obtained from hospital records.
All women were in their first (only) pregnancy.
Women were assessed at a single time point during
the first (71), second (72) or third trimester (73). In
addition, fasting blood was drawn from the women
between 9 am and 11 am for measurement of serum
cortisol. Pregnancy duration at time of cortisol measurements (weeks) were 8.4 ± 1.6, 20.9 ± 4.4 and 33.8
± 3.1. The study was approved by the Ethics Committee, the 1st Affiliated Hospital of Xi’an Jiaotong University. Written informed consent was obtained.

symptoms, and then provides a score according to a 5point scale for each item (0 - Not at all; 1 – Mild; 2 –
Moderate; 3 – Severe; 4 - Very Severe). The total scores
are used for assessment (Mild Anxiety: 18–25; Moderate
Anxiety: 26–30; Severe Anxiety: > 30).
The HAMD is the most widely used outcome scale for
depression studies. The 24-item HAMD questionnaire is
the most common version used in mainland China scoring
5 points for each item as described for HAMA. The total
scores are then used to quantify depression (Mild Depression: 10–19; Moderate Depression: 20–29; Severe Depression: > 30). The two scales were translated and rigorously
tested with different populations in mainland China. Their
reliability and validity were assessed and approved by the
responsible authority (Shanghai Mental Health Center).
Measurement of serum cortisol

Venous blood samples were taken between 9 and 11 am, in
the fasting state. The samples were immediately put on ice
and the obtained serum was frozen at − 80° centigrade (C).
Samples were subsequently thawed for determination of
cortisol levels by radioimmunoassay (Jiuding Biotechnology,
Tianjin, China) at the hospital chemical pathology department and in accordance with the manufacturer’s instructions. Coefficient of variation within each batch was < 5%.
Statistical analysis

Statistical analysis was undertaken with SPSS v19. Group
data is presented as mean ± sd. Associations between variables were assessed using Spearman correlation coefficient
for correlations involving levels of anxiety and Pearson
correlation coefficient for other associations. Multiple regression analysis was performed using stepped entry and
removal. Analysis was conducted separately for each trimester to evaluate whether effects of anxiety or cortisol
were trimester dependent.
r = -.507
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pregnancy [7]. Other studies have reported rates of up to
60% for anxiety and 30% for depressive symptoms [8, 9]. A
number of studies have examined the relationship between
maternal psychological wellbeing and birth outcomes. A
majority [10–14], but not all [15, 16] have reported that increased state anxiety in mothers, assessed using a variety of
instruments, is associated with prematurity and/or low birth
weight. Some studies have found relationships between
birth outcomes and stressful life events but not state anxiety
[17, 18]. The relationship between maternal state anxiety
and distribution of birth weights in term infants has been
less well studied with less consistent results [12]. Association between maternal depression and birth outcomes have
also been reported [19].
We recently demonstrated an inverse relation between
maternal circulating cortisol levels and birth weight [20].
Anxiety is a complex state with multiple physiological
associations including changes in levels of stress hormones, activity of the autonomic system and effects on
the cardiovascular system including uterine artery resistance [21]. A previous study using foetal biometry reported an inverse association between urinary cortisol
and estimated birth weight [12]. Interestingly in this
study anxiety state was not significant in multivariate
analysis. We have here examined the associations between both anxiety and maternal cortisol and measured
birth weight to investigate the extent to which the associations of birth weight with anxiety might be mediated
by concomitant changes in maternal cortisol.
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Anxiety was assessed with The Hamilton Anxiety Scale
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Fig. 1 The figure shows the relationship between maternal anxiety
score and birth weight for mothers recruited in the first trimester. r
Spearman rank coefficient
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Table 1 The Table shows Pearson correlation coefficients (r)
between birth weight and maternal serum cortisol separately
for each trimester. Respective p values are shown in brackets
Maternal Cortisol (nmol/l)
Birth Weight (Kg)

Trimester 1

Trimester 2

Trimester 3

−0.322 (p = 0.006)

−0.229 (0.053)

− 0.192 (0.103)

Results
Mothers were aged 26.4 ± 3.2 years, had pre-pregnancy
weight of 53.4 ± 4.0 Kg and height of 160 ± 3.6 cm (cm).
All mothers were in their first (only) pregnancy and
were from metropolitan areas. All were of Han Chinese
ethnicity and gave birth in the first affiliated hospital of
Xi’an Jiaotong University. None of the mothers drank
alcohol or smoked cigarettes during the pregnancy (and
only 4 reported smoking prior to pregnancy), none were
diabetic or hypertensive. All pregnancies proceeded to
term. Birth weights of the children were 3.25 ± 0.47,
3.36 ± 0.33 and 3.43 ± 0.38 Kg, for those whose
mothers were recruited in the first, second and third
trimester respectively. There were no significant correlations between pre-pregnancy maternal weight and
childrens birth weight (− 0.078) nor between maternal
height and childrens birth weight (− 0.082).
Mild, moderate and severely elevated anxiety scores
were present in 30.9, 29.5 and 5.6% of mothers recruited
in trimester 1, 22.2, 8.3 and 2.7% of mothers recruited in
trimester 2 and 32.8, 6.8% and 0% of mothers recruited in
trimester 3. Respective rates for anxiety of any degree
were 66.0%, 33.2 and 39.6%. Depression of any degree was
found in 47, 54.1 and 47.9% for trimesters 1, 2 and 3 respectively. Moderate or severe depression was present in
12.6%, 11.1 and 8.2% of trimester 1, 2 and 3 respectively.
Whilst 33.4, 23.6 and 23.2% were found to have both anxiety and depression (of any degree). There were significant
negative correlations between anxiety level and birth
weight of − 0.507 (p < 0.01) and − 0.275 (p < 0.05) in trimesters 1 (Fig. 1) and 2. In trimester 3 the negative relation between anxiety and birth weight of −.209 failed to
reach significance (p = 0.070). However, there were no significant correlations between levels of depression and
birth weight in any trimester(p > 0.5 for all).
Maternal cortisol values were 341 ± 85, 371 ± 66 and
411 ± 7 nmoles/litre (nmol/l) in trimesters 1, 2 and 3 respectively. In order to examine whether the effects of
anxiety could be mediated by changes in maternal

cortisol we firstly examined the dependence of birth
weight on cortisol. As seen in Table 1 there were significant correlations between birth weight and cortisol in
the first trimester and borderline significant correlations
in the second but not in the third trimester. We then examined whether changes in cortisol were related to
levels of anxiety (Table 2, Fig. 2) which was significant
for all trimesters.
We then undertook multiple analysis separately for
each trimester with birth weight as the dependant variable and including anxiety level, depression level, maternal cortisol, maternal height and maternal weight as
independent variable. In these analyses maternal anxiety
was the only significant term with all other variables
having p > 0.5 (Table 3).

Discussion
This study confirms an inverse relation between maternal anxiety and birth weight. As previously reported
there was also an inverse relation between maternal cortisol and birth weight [20]. The effects of anxiety and
maternal cortisol were more evident in early compared
with late pregnancy. This is the first study in which the
effects of maternal anxiety and circulating cortisol on
measured birth weight were evaluated in the same
mothers. As expected there was a strong correlation between anxiety level and circulating cortisol.
The significant association between maternal anxiety
and maternal cortisol combined with the association between maternal cortisol and birth weight is compatible
with the notion that the effects of anxiety on birth
weight are mediated through maternal cortisol in the
first and possibly also in the second trimester. However,
when both parameters were included in multiple regression analyses only the effects of maternal anxiety
remained significant. Whilst this may be an indication
that factors other than maternal cortisol mediate (or
contribute to) the link between maternal anxiety and
birth weight, it might also be an indication that the assessment by questionnaire of anxiety at one time point
during pregnancy is a better reflection of the prevailing
psychological status of the mother than a single cortisol
assessment is of the prevailing level of cortisol. In contrast to the current findings Diego et al. found that urinary cortisol but not anxiety state was predictive of
estimated (fetal biometry) birth weight when both were
entered into multivariate analysis. Interestingly this

Table 2 The Table shows Spearman rank correlation coefficients (r) between maternal cortisol and anxiety score, separately for each
trimester. Respective p values are shown in brackets
Maternal Cortisol (nmol/l)
Maternal Anxiety Score

Trimester 1

Trimester 2

Trimester 3

0.551 (p < 0.001)

0.650 (p < 0.001)

0.537 (p < 0.001)
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Fig. 2 The figure shows the relationship between maternal anxiety
score and maternal cortisol for mothers recruited in the second
trimester. r Spearman rank correlation

study was conducted in the second trimester when anxiety is less prevalent [21, 23]. Depression was also common in this cohort but there was no relation between
depression and birth weight.
Whilst maternal corticosteroids are subject to the effects of placental 11β hydroxysteroid dehydrogenase type
2 it is known that there is sufficient trans placental
transfer of cortisol to affect foetal growth and physiology. Thus hydrocortisone infusion during pregnancy in
sheep affects not only foetal growth but also foetal cardiac parameters and blood pressure [24]. Human studies
have also reported effects of maternal cortisol on infant
neuro and cognitive development [25–28]. Previous
studies have indicated that although the placenta itself
may be a source of ACTH like peptides maternal ACTH
does not appear to access the foetal circulation [29–32].
Other concomitants of heightened anxiety, such as alterations in the maternal autonomic nervous system,
might also contribute to the effects of anxiety. Catecholamines in the maternal circulation seem unlikely to access the foetal circulation given the evidence that
placental clearance of catecholamines is extensive with
significant activity of catechol-O-methyl transferase and
monoamine oxidase activity present in placental tissue

[33–35]. In addition the placenta is known to contain
the noradrenaline uptake transporter [36]. However,
there may be effects on placental vascular function leading to impaired foetal growth. Changes in maternal
haemodynamic parameters associated with stress may
also be relevant. Anxiety in the non-pregnant state has
also been associated with a range of other effects including on immune function, circulating cytokines and other
hormones which may affect placental function [37–41].
Birth weight is known to be affected by a number of factors in addition to anxiety and it is possible that the effects
of anxiety are also mediated by one or more of these [6].
For example, anxiety may be expected to influence maternal nutrition which is a well-recognised factor influencing
birth weight. Whilst cigarette smoking is a potent influence on birth weight and will likely be affected by anxiety
maternal cigarette smoking will not be a factor in the
current study as none of the pregnant women smoked cigarettes during the pregnancy (and indeed very few were
cigarette smokers prior to pregnancy). The mothers could
have been exposed to second hand cigarette smoke given
the high prevalence of cigarette smoking among Chinese
males [42] but this was not quantified in the current
study. Effects on maternal caffeine and alcohol intake are
also not likely to be responsible given the very low consumption of coffee amongst Chinese women and the
avoidance of alcohol during pregnancy.
The current study cannot determine whether the anxiety
scores determined during pregnancy were representative of
the non-pregnant state or were predominantly related to
pregnancy as anxiety scores were not available in the
mothers at other times. Estimates of the prevalence of anxiety and depression during pregnancy in other cohorts have
varied. In a study from the UK anxiety was found in approximately 22% and depression in 19% of women during
pregnancy [7]. Studies from Finland and South America
have reported anxiety rates of between 16 and 60% [8, 9]
whilst overall rates of psychosocial stress 40–84% have been
reported amongst pregnant Chinese women [43]. In
addition to ethnic or cultural factors these differences most
likely also relate to differences in the instruments used to
detect and quantify anxiety and depression. However, all

Table 3 The table shows results from multiple regression analyses with birth weight as the dependent variable and including
maternal anxiety, maternal depression, maternal cortisol, maternal height, maternal weight as independent variables
Anxiety
Overall r

Unstandardised Coefficient

Standardised Coefficient

p

B

SEM

Trimester 1

.591

−.300

.049

−.591

< 0.001

Trimester 2

.355

−.154

.049

−.365

0.002

Trimester 3

.373

−.228

.067

−.373

< 0.001

Analysis used stepped entry (PIN 0.05) and removal (POUT 0.1). Anxiety was the only significant independent variable in each of the trimesters.
Respective significance values (p) for cortisol were .895, .804 and .887 in trimesters 1, 2 and 3 respectively
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studies find anxiety to be common during pregnancy and
more prevalent than for women in the non-pregnant state.
Variation in levels of anxiety during pregnancy has
also been reported with higher prevalence’s in the 1st
and 3rd trimesters [23, 44]. In agreement with the findings reported here levels are higher in the 1st than the
3rd trimester in primigravidae.

Conclusion
The findings from this, and other, studies suggest that
measures to lessen anxiety during pregnancy may have an
effect on birth weight and thus on the health of off-spring
in later life. The effects of heightened anxiety appear not
to be fully explained by changes in maternal cortisol.
Abbreviations
C: Centigrade; cm: centimetres; Kg: Kilogram; nmol/L: nanomoles/litre;
sd: Standard deviation
Acknowledgements
We greatly thank all the participants and their families for their participation
in this study.
Funding
Xi’an Science and Technology Project, China (GG04137).
National Nature Science Foundation of China (NSFC 81170294).
Clinic Research Award of First Affiliated Hospital of Xi’an Jiaotong University,
China (XJTU1AHCR2014–019).
The funding body was not involved in the design of the study and
collection, analysis and interpretation of data and in writing the manuscript.
Availability of data and materials
The datasets supporting the conclusions of this article are available from the
corresponding author on reasonable request.
Authors’ contributions
FF: contributed to study design, analysis and interpretation of data. YZ:
contributed to study design, acquisition and interpretation of data. YZ:
contributed to data analysis and drafting of manuscript. XM: contributed
to study design, assessment and analysis of psychological tests. JZ:
contributed to data acquisition. CL: contributed to data acquisition. JL:
contributed to data collection and analyses. MP: conceived study and
contributed to laboratory analyses. YJ: contributed to study design and
coordination and helped to draft the manuscript. AD: has made
contribution to data analyses, drafting of the manuscript and has given
final approval of the version to be published. All authors have read and
approved the final version of the manuscript.
Ethics approval and consent to participate
The study was approved by the Ethics Committee of the 1st Affiliated
Hospital of Xi’an Jiaotong University and all mothers gave their written
informed consent.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Cardiovascular Medicine, the First Affiliated Hospital of
Medical College, Xi’an Jiaotong University, Xi’an 710061, China. 2Department
of Gynaecology and Obstetrics, the First Affiliated Hospital of Medical
College, Xi’an Jiaotong University, Xi’an 710061, China. 3Department of
Psychology and Psychiatry, the First Affiliated Hospital of Medical College,

Page 5 of 6

Xi’an Jiaotong University, Xi’an 710061, China. 4Department of Cardiovascular
Medicine, The Alfred, Baker Heart and Diabetes Institute, Melbourne, Vic
3004, Australia.
Received: 17 January 2017 Accepted: 30 April 2018

References
1. Barker DJ, Winter PD, Osmond C, Margetts B, Simmonds SJ. Weight in infancy
and death from ischaemic heart disease. Lancet. 1989;2(8663):577–80.
2. de Jong F, Monuteaux MC, van Elburg RM, Gillman MW, Belfort MB.
Systematic review and meta-analysis of preterm birth and later systolic
blood pressure. Hypertension. 2012;59(2):226–34.
3. Lackland DT, Egan BM, Ferguson PL. Low birth weight as a risk factor for
hypertension. J Clin Hypertens (Greenwich). 2003;5(2):133–6.
4. Pereira JA, Rondo PH, Lemos JO. Pacheco de Souza JM, Dias RS: the
influence of birthweight on arterial blood pressure of children. Clin Nutri.
2010;29(3):337–40.
5. Law CM, Shiell AW. Is blood pressure inversely related to birth weight? The
strength of evidence from a systematic review of the literature. J
Hypertension. 1996;14(8):935–41.
6. Kramer MS. Determinants of low birth weight: methodological assessment
and meta-analysis. Bull World Health Org. 1987;65(5):663–737.
7. Heron J, O'Connor TG, Evans J, Golding J, Glover V, Team AS. The course of
anxiety and depression through pregnancy and the postpartum in a
community sample. J Affective Disord. 2004;80(1):65–73.
8. Faisal-Cury A, Rossi Menezes P. Prevalence of anxiety and depression during
pregnancy in a private setting sample. Archives of Women's Mental Health.
2007;10(1):25–32.
9. Kurki T, Hiilesmaa V, Raitasalo R, Mattila H, Ylikorkala O. Depression and
anxiety in early pregnancy and risk for preeclampsia. Obstet Gynecol. 2000;
95(4):487–90.
10. Beydoun H, Saftlas AF. Physical and mental health outcomes of prenatal
maternal stress in human and animal studies: a review of recent evidence.
Paediatr Perinat Epidemiol. 2008;22(5):438–66.
11. Copper RL, Goldenberg RL, Das A, Elder N, Swain M, Norman G, Ramsey R,
Cotroneo P, Collins BA, Johnson F, et al. The preterm prediction study:
maternal stress is associated with spontaneous preterm birth at less than
thirty-five weeks' gestation. National Institute of Child Health and Human
Development maternal-fetal medicine units network. Am J Obstet Gynecol.
1996;175(5):1286–92.
12. Diego MA, Jones NA, Field T, Hernandez-Reif M, Schanberg S, Kuhn C,
Gonzalez-Garcia A. Maternal psychological distress, prenatal cortisol, and
fetal weight. Psychosom Med. 2006;68(5):747–53.
13. Ding XX, Wu YL, Xu SJ, Zhu RP, Jia XM, Zhang SF, Huang K, Zhu P, Hao JH,
Tao FB. Maternal anxiety during pregnancy and adverse birth outcomes: a
systematic review and meta-analysis of prospective cohort studies. J
Affective Disord. 2014;159:103–10.
14. Rondo PH, Ferreira RF, Nogueira F, Ribeiro MC, Lobert H, Artes R. Maternal
psychological stress and distress as predictors of low birth weight, prematurity
and intrauterine growth retardation. Eur J Clin Nutr. 2003;57(2):266–72.
15. Andersson L, Sundstrom-Poromaa I, Wulff M, Astrom M, Bixo M. Neonatal
outcome following maternal antenatal depression and anxiety: a
population-based study. Am J Epidemiol. 2004;159(9):872–81.
16. Sjostrom K, Valentin L, Thelin T, Marsal K. Maternal anxiety in late pregnancy
and fetal hemodynamics. Eur J Obstet Gynecol Reprod Biol. 1997;74(2):149–55.
17. Dancause KN, Laplante DP, Oremus C, Fraser S, Brunet A, King S. Disasterrelated prenatal maternal stress influences birth outcomes: project ice
storm. Early Human Dev. 2011;87(12):813–20.
18. Newton RW, Hunt LP. Psychosocial stress in pregnancy and its relation to
low birth weight. Br Med J (Clin Res Ed). 1984;288(6425):1191–4.
19. Grote NK, Bridge JA, Gavin AR, Melville JL, Iyengar S, Katon WJ. A metaanalysis of depression during pregnancy and the risk of preterm birth, low
birth weight, and intrauterine growth restriction. Arch Gen Psychiatry. 2010;
67(10):1012–24.
20. Fan F, Zou Y, Zhang Y, Zhang J, Ma X, Liu Y, Geng J, Li J, Liu K, Dart AM.
Effects of maternal cortisol during pregnancy on Children's blood pressure
responses. Neuroendocrinology. 2016;103(3–4):282–90.
21. Teixeira JM, Fisk NM, Glover V. Association between maternal anxiety in
pregnancy and increased uterine artery resistance index: cohort based
study. BMJ. 1999;318(7177):153–7.

Fan et al. BMC Pregnancy and Childbirth (2018) 18:265

22. Fan F, Zou Y, Tian H, Zhang Y, Zhang J, Ma X, Meng Y, Yue Y, Liu K, Dart
AM. Effects of maternal anxiety and depression during pregnancy in
Chinese women on children's heart rate and blood pressure response to
stress. J Hum Hypertens. 2016;30(3):171–6.
23. Lee AM, Lam SK. Sze Mun Lau SM, Chong CS, Chui HW, Fong DY:
prevalence, course, and risk factors for antenatal anxiety and depression.
Obstet Gynecol. 2007;110(5):1102–12.
24. Jensen EC, Gallaher BW, Breier BH, Harding JE. The effect of a chronic
maternal cortisol infusion on the late-gestation fetal sheep. J Endocrinol.
2002;174(1):27–36.
25. Talge NM, Neal C, Glover V, Early Stress TR. Prevention science network F,
neonatal experience on C, adolescent mental H: antenatal maternal stress
and long-term effects on child neurodevelopment: how and why? J Child
Psychol Psychiat Allied Dis. 2007;48(3–4):245–61.
26. de Weerth C, van Hees Y, Buitelaar JK. Prenatal maternal cortisol levels and
infant behavior during the first 5 months. Early Hum Dev. 2003;74(2):139–51.
27. Davis EP, Sandman CA. The timing of prenatal exposure to maternal cortisol
and psychosocial stress is associated with human infant cognitive
development. Child Dev. 2010;81(1):131–48.
28. Bergman K, Sarkar P, Glover V, O'Connor TG. Maternal prenatal cortisol and
infant cognitive development: moderation by infant-mother attachment.
Biol Psychiatry. 2010;67(11):1026–32.
29. Allen JP, Cook DM, Kendall JW, McGilvra R. Maternal-fetal ACTH relationship
in man. J Clin Endocrinol Metab. 1973;37(2):230–4.
30. Frim DM, Emanuel RL, Robinson BG, Smas CM, Adler GK, Majzoub JA.
Characterization and gestational regulation of corticotropin-releasing hormone
messenger RNA in human placenta. J Clin Invest. 1988;82(1):287–92.
31. Migeon CJ, Prystowsky H, Grumbach MM, Byron MC. Placental passage of
17-hydroxycorticosteroids: comparison of the levels in maternal and fetal
plasma and effect of ACTH and hydrocortisone administration. J Clin Invest.
1956;35(5):488–93.
32. Miyakawa I, Ikeda I, Maeyama M. Transport of ACTH across human placenta.
J Clin Endocrinol Metab. 1974;39(3):440–2.
33. Barnea ER, MacLusky NJ, DeCherney AH, Naftolin F. Catechol-o-methyl transferase
activity in the human term placenta. Am J Perinatol. 1988;5(2):121–7.
34. Bzoskie L, Blount L, Kashiwai K, Tseng YT, Hay WW Jr, Padbury JF. Placental
norepinephrine clearance: in vivo measurement and physiological role. Am
J Phys. 1995;269(1 Pt 1):E145–9.
35. Saarikoski S. Fate of noradrenaline in the human foetoplacental unit. Acta
Physiol Scand Suppl. 1974;421:1–82.
36. Ramamoorthy S, Prasad PD, Kulanthaivel P, Leibach FH, Blakely RD, Ganapathy
V. Expression of a cocaine-sensitive norepinephrine transporter in the human
placental syncytiotrophoblast. Biochemistry. 1993;32(5):1346–53.
37. Arranz L, Guayerbas N, De la Fuente M. Impairment of several immune
functions in anxious women. J Psychosom Res. 2007;62(1):1–8.
38. Kiecolt-Glaser JK, McGuire L, Robles TF, Glaser R. Psychoneuroimmunology:
psychological influences on immune function and health. J Consult Clin
Psychol. 2002;70(3):537–47.
39. Maes M, Song C, Lin A, De Jongh R, Van Gastel A, Kenis G, Bosmans E, De
Meester I, Benoy I, Neels H, et al. The effects of psychological stress on
humans: increased production of pro-inflammatory cytokines and a Th1-like
response in stress-induced anxiety. Cytokine. 1998;10(4):313–8.
40. Pitsavos C, Panagiotakos DB, Papageorgiou C, Tsetsekou E, Soldatos C,
Stefanadis C. Anxiety in relation to inflammation and coagulation markers,
among healthy adults: the ATTICA study. Atherosclerosis. 2006;185(2):320–6.
41. Zakowski SG, McAllister CG, Deal M, Baum A. Stress, reactivity, and immune
function in healthy men. Health Psychol. 1992;11(4):223–32.
42. Li Q, Hsia J, Yang G. Prevalence of smoking in China in 2010. N Engl J Med.
2011;364(25):2469–70.
43. Gou W-L, Wu LF: Delivery Science [in Chinese]. 1st Editorial Beijing, China:
republic Health Press 2003:625–628.
44. Teixeira C, Figueiredo B, Conde A, Pacheco A, Costa R. Anxiety and
depression during pregnancy in women and men. J Affective Dis. 2009;
119(1–3):142–8.

Page 6 of 6

