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Abstract

understand the psychobiological basis of preterm birth.

Background: High rates of antenatal depression and preterm birth have been reported in Pakistan. Self reported
maternal stress and depression have been associated with preterm birth; however findings are inconsistent. Cortisol
is a biological marker of stress and depression, and its measurement may assist in understanding the influence of
self reported maternal stress and depression on preterm birth.

Methods: In a prospective cohort study pregnant women between 28 to 30 weeks of gestation from the Aga
Khan Hospital for Women and Children completed the A-Z Stress Scale and the Centre for Epidemiology Studies
Depression Scale to assess stress and depression respectively, and had a blood cortisol level drawn. Women were
followed up after delivery to determine birth outcomes. Correlation coefficients and Wilcoxon rank sum test was
used to assess relationship between preterm birth, stress, depression and cortisol. Logistic regression analysis was
used to determine the key factors predictive of preterm birth.

Results: 132 pregnant women participated of whom 125 pregnant women had both questionnaire and cortisol
level data and an additional seven had questionnaire data only. Almost 20% of pregnant women (19-7%, 95% Cl
13-3-27-5) experienced a high level of stress and nearly twice as many (40-9%, 95% Cl 32-4-49-8%) experienced
depressive symptoms. The median of cortisol level was 27-40 ug/dl (IQR 22:5-34-2). The preterm birth rate was
11-4% (95% Cl 6:5-18). There was no relationship between cortisol values and stress scale or depression. There was
a significant positive relationship between maternal depression and stress. Preterm birth was associated with
higher parity, past delivery of a male infant, and higher levels of paternal education. Insufficient numbers of
preterm births were available to warrant the development of a multivariable logistic regression model.

Conclusions: Preterm birth was associated with higher parity, past delivery of a male infant, and higher levels of
paternal education. There was no relationship between stress, and depression, cortisol and preterm birth. There
were high rates of stress and depression among this sample suggesting that there are missed opportunities to
address mental health needs in the prenatal period. Improved methods of measurement are required to better

Background

Preterm birth, defined as birth occurring prior to 37 com-
pleted weeks, is a worldwide health issue with a marked
difference in prevalence between developed and develop-
ing countries [1-3]. The global prevalence of preterm birth
is 9.6% [1]. The rate of preterm birth in Pakistan is 15-7%
whereas it is 6:6% in Australial [4]. Preterm birth is one of
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the major contributors to infant mortality and morbidity
[4,5]. Given the high prevalence of psychological disorder
in women during pregnancy [6] it is important to under-
stand the relationship between psychosocial risk factors
and preterm birth.

Antenatal depression is common during the second and
third trimesters with a systematic review showing point
estimates and 95% confidence intervals of 12.8% (10-7-
14-8) and 12-0% (7-4-16-7), respectively [6]. In contrast,
point prevalence of 25% was identified in the third trime-
ster of pregnant women residing in a rural sub-district of
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Pakistan [7]. Pakistani pregnant women may be particu-
larly vulnerable to stress as women’s health needs are not
given priority [8]. Additionally, changes in family systems,
specifically structures and practices [8], and values
attached to birth of a male child [9] may create unique
social pressures which may influence mental health. Con-
sequently, there is a need to understand psychosocial risk
and their relationships to preterm birth which may be
unique for Pakistani women.

The etiologic contribution of psychosocial processes
during pregnancy and preterm birth remain elusive as
findings of studies examining the association between
stress or depression and preterm birth have not been
consistent. Although many studies demonstrate an asso-
ciation [10-15] others suggest that racial disparity
[14,16,17] is an underlying factor. The varied concepts
and models and tools used to define stress (e.g., negative
life events, perceived stress, subjective feelings of anxi-
ety, daily hassles) and depression (e.g., thought patterns,
symptoms of depression), contributes to the lack of
clarity about the association between psychosocial char-
acteristics factors and preterm birth. Cortisol, which is
referred to as the “stress hormone”, is activated in
response to stress and depression and can be measured
in blood, saliva or urine [18]. Consequently, cortisol
levels may be a more objective measure of stress and
depression thereby facilitate our understanding of the
relationship between stress, depression and preterm
birth.

Stress and depression influence the hypothalamic-
pituitary-adrenal (HPA) axis whereby corticotrophin-
releasing-hormone (CRH) is secreted by the hypothala-
mus which in turn stimulates the pituitary gland to
secrete adrenocorticotrophic hormone (ACTH). ACTH
stimulates the adrenal cortex to secrete cortisol hor-
mone and the adrenal medulla to secrete norepinephr-
ine and epinephrine. Increased cortisol levels further
signal the hypothalamus and pituitary gland in a nega-
tive feedback loop to decrease CRH production. How-
ever, in depressed patients the negative feedback loop
malfunctions resulting in excess production of CRH;
hence cortisol [19]. The increased secretion of CRH,
ACTH, and cortisol stimulate prostaglandin secretion
which is responsible for the contraction and dilation of
the smooth muscle which may lead to preterm labor
and premature rupture of membrane [15,20]. A systema-
tic review, [18] concluded that although gestational age
influenced the results, and findings were inconsistent,
high level of cortisol during pregnancy was associated
with preterm birth. Glynn et al. [21] found that stress in
early pregnancy was related to shorter length of gesta-
tion. Women with higher cortisol levels during second
trimester of pregnancy were at greater risk of preterm
birth [12,13].

Page 2 of 10

Studies undertaken in South Asia have examined the
contribution of maternal factors like maternal education,
age, parity, birth interval, and antenatal visit on preterm
birth [22-24]. However, none of these studies have con-
sidered maternal stress or cortisol in relation to preterm
birth. We aimed to determine the relationship between
maternal stress, depression, cortisol levels, and preterm
birth in pregnant women in Karachi, Pakistan. Our
hypotheses were: 1) There is a positive relationship
between maternal stress and depression during preg-
nancy and cortisol level; 2) There is a positive relation-
ship between the cortisol level and preterm birth; 3)
There is a positive relationship between maternal stress
and depression during pregnancy and preterm birth;
and 4) There is a positive relationship between maternal
depression and stress during pregnancy.

Methods

Study Design

In this prospective cohort study, pregnant women (28 to
30 weeks gestation) completed the A-Z stress tool and the
Centre for Epidemiology Studies Depression (CESD) scale,
and provided blood sample for cortisol analysis after pro-
viding informed consent either in Urdu or English. The
blood was drawn by a trained phlebotomist after the ques-
tionnaire was completed. Lab work was undertaken
between 10:00 a.m. to 1:00 p.m. for consistency and in an
attempt to control for diurnal variation in cortisol.
Women were followed up after delivery to determine the
birth outcome (preterm or term). Confidentiality and
anonymity was maintained by using unique identification
numbers on both the data collection tools and label for
the blood sample. The study was approved by the Ethical
Review Committee of the AKUH.

Setting

Between April and May 2010 all eligible pregnant women
who attended the antenatal clinics at the two centres of
the Aga Khan Hospital for Women and Children
(AKHWC), Kharadar and Karimabad Karachi, Pakistan
were approached in the waiting area by the nurse in-
charge and invited to participate in the study. Women
willing to participate were referred to the researcher (KS)
or a trained research assistant. The centres provide ser-
vices to diverse communities which enabled recruitment
of a heterogeneous sample of pregnant women. The
laboratory services are provided with the collaboration of
Aga Khan University Hospital (AKUH), Karachi.

Participants: Inclusion and exclusion criteria

We enrolled all consenting pregnant women between 18
to 40 years of age who were 28 to 30 weeks gestation
based on last menstrual period and planned to deliver in
the same hospital. If women self-reported medical illnesses
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such as diabetes mellitus, thyroid disorder, chronic renal
or heart disease, or uterine and cervical abnormality, or
antidepressants or other psychotropic drug use during
pregnancy they were excluded from the study. Women
were excluded from the study if they did not deliver at the
AKHWC.

Variables of interest and their measurement

Stress was assessed with the A-Z stress tool. The A-Z
stress scale which was developed by one of the research-
ers (AK) and includes 30 items for which responses were
captured using “yes/no” format. Construct validity, test-
retest reliability and inter-rater reliability, has been estab-
lished for this tool. Cronbach alpha was 0-82 for the 30
items and the item-total correlations were reported to be
0-2 to 0-8, respectively [25]. The items relate to household
environment (e.g., ability to make decisions), family-
related concerns (e.g., relationships with husband, chil-
dren, in-laws, and parents), socioeconomic concerns (e.g.,
access to husband’s money), adverse life events, chronic
illness in family, house-hold chores, and pregnancy-
related concerns (e.g., unwanted pregnancy, access to
health care, birth of a girl child). The two major compo-
nents of the scale are the socio-environmental hassles
and chronic illnesses and focus on problems specific to
Pakistani pregnant women [25]. The total score guides
the rater in establishing the level of stress in pregnant
women. We categorized pregnant women whose scores
were in the upper 75" quartile and those whose scores
were below the 75™ quartiles as having high stress levels
and not high stress levels, respectively.

Depression in pregnant women was assessed by a multi-
cultural validated 20-item CESD Scale. The scores can
range from 0 to 60 with a cut off point of 16 and higher
suggesting symptoms of depression. The scale has ade-
quate test/retest reliability (0-51 to 0-67 over several
weeks) and high internal consistency (Cronbach’s alpha
0-85 to 0-90) [26].

Cortisol was measured in blood serum using the
AXSYM assay system which employs Fluorescence Polari-
zation Immunoassay (FPIA) technology to quantify the
level of cortisol. The sensitivity of this system is reported
to be equal to or less than 1.1 ug/dL (Abbott Labora-
tories, Abbott Park, IL, USA). Salivary cortisol is a non-
invasive procedure and a better way to measure cortisol
than other measure particularly for rapid sampling
[18,27,28]; however the salivary kits and test facility is
not available in Pakistan. Blood draw for cortisol was tied
with other investigations whenever appropriate and feasi-
ble. Cortisol was measured as a continuous variable.

Pregnancy outcome and delivery information including
gestational age at birth was obtained from the medical
records and the postpartum wards of both the centres.
Preterm birth was defined as birth occurring prior to
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37 completed weeks while term birth was defined as
birth between 37 and 42 weeks.

Sample size

The sample size was calculated based on a secondary
hypothesis related to depression, as this required the lar-
gest sample size. An 18% difference in depression among
mothers who deliver at term compared to mothers who
deliver preterm was reported by Field et al., [29] and at a
power of 80% and alpha level of 0-05, the estimated sample
size for this study was calculated at 124 pregnant women.
143 pregnant women were recruited to account for an
attrition rate of 15% among women who might experience
complications in pregnancy or who might not potentially
deliver at the AKHWC.

Statistical Analysis

Data were entered in EPI Info3-5-1 and then analyzed
using the Statistical Package for Social Sciences (SPSS)
version 16-0. Descriptive statistics were used to compare
the characteristics of participants by not high stress/high
stress, non-depressed and depressed and term/preterm
birth status. For categorical/ordinal level variables frequen-
cies and percentages were calculated. Fisher’s exact test
was used to identify group differences when comparing
categorical variable. The Mann Whitney U test was used
to identify group differences when comparing ordinal level
data or a continuous variable when there was evidence
against normality.

The Spearman’s correlation coefficient was used to
examine the relationship between ordinal level variables.
The Wilcoxon rank sum test was used to determine the
relationship between independent samples when assump-
tions of normality were violated. Pearson’s correlation
coefficient was used to determine the linear relationship
between maternal stress and depression during preg-
nancy and preterm birth (i.e., gestational age). Logistic
regression analysis was used to determine factors predic-
tive of preterm birth. In addition to stress, depression
and cortisol level, variables considered were demo-
graphics (maternal age, ethnicity, education level, educa-
tion level of husband, monthly income, family system),
behavioral characteristics (nature of work, hours of walk-
ing, hours of standing), and pregnancy characteristics
(parity, number of children, sex of children at home, nat-
ure of present pregnancy, history of preterm birth, his-
tory of abortion, visit to antenatal clinic, hemoglobin
level). Variables were considered potential predictors if p
was < 0-10 for the likelihood ratio statistic from the uni-
variable logistic model. A multivariable model was not
developed as the number of preterm births was not large
enough (i.e., at least 10 preterm births for every signifi-
cant variable identified in the univariable logistic regres-
sion analysis) [30].
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Results

187 pregnant women were assessed for eligibility of
which 172 (91-9%) were eligible. 125 pregnant women
completed both the questionnaire and a cortisol level.
Seven women provided only questionnaire data (n
132). Hence, data from 125 pregnant women contribu-
ted to the analysis when relationships included cortisol,
and data from 132 pregnant women contributed to the
analysis when the relationship did not include cortisol
(e.g., relationship between stress and depression and
preterm birth, and stress and depression). Figure 1
shows the flow of mothers in the study. 26 women
(19:7%, 95% CI 13-3-27-5) of the pregnant women were
found to have a high level of stress and 54 (40-9%, 95%
CI 32:4-49-8) reported antenatal depression. Fifteen
births were preterm (11-4%, 95% CI 6-5-18-0). Tables 1
and 2 describe and compare the characteristics of
mothers of term and preterm infants. Cortisol level was
measured as a continuous variable; however data were
not normally distributed. The median of cortisol level
was 27-40 ug/dl (IQ = 22-5-34-2 ug/dl).
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There was no evidence of a positive relationship
between either stress and cortisol (Spearman’s rho =
0-021, p = 0-81) or between maternal depression and corti-
sol levels (rho = 0-13, p = 0-14). There was no significant
difference (z = -0-41, p = 0-68) in cortisol levels of mothers
with preterm infants (n = 14, median = 26.4, IQR = 23.1-
33.5) and those with full term infants (n = 110, median =
27-8, IQR = 22-4-34-2). There was no significant difference
between maternal stress during pregnancy and preterm
birth (z = -0-69, p = 0-49) or between maternal depression
during pregnancy and preterm birth (z = -0-70, p = 0-48).
A significant positive relationship was identified between
stress and depression as evident from the r value of 0-54
and p < 0-001(Figure 2).

In the univariable logistic regression analysis (Table 3)
neither cortisol level (OR per 10 point increase in corti-
sol = 0-78, p = 0-507), stress (OR for high stress = 0-60,
p = 0-519) or depression (OR for depressed = 14, p =
0-697) were associated with preterm birth. Preterm birth
was associated higher parity, past delivery of a male
infant, and higher levels of paternal education (Table 3).

N=187

Women assessed for eligibility in the antenatal clinics

y

Ineligible women

n=15(8:0%)

Reasons:

* Diagnosis of chronic illnesses (e.g., renal
disease, hepatitis, etc) = 14

e  Planning to deliver in another hospital = 1

y

Eligible women
n=172(91-9%)

v

y

n=22 (12:2%)
Reasons:

‘Women refused to participate

*  Required permission from husband = 18
e Did not want to share their stressors = 4

‘Women enrolled
n =150 (87-1%)

)

Completed questionnaire

Excluded from analysis
n=18(12:0%)

Reasons:

* Delivered at another hospital = 11

n =150 (100%)

}

|

Refused to give blood
n="7 (4-67%)

|

)

Cortisol level
n =143 (953%)

)

F

e Diagnosed with medical illness after
recruitment = 6
o  Twin fetus =1

Figure 1 Flow of pregnant women enrolled in the study.

|

Questionnaire data available
n =132 (88-0%)

}

Questionnaire and cortisol
level data available
n=125(83-3%)
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Table 1 Comparison of demographic characteristics of
pregnant women by birth status
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Table 2 Comparison of pregnancy characteristics by birth
status

Characteristics Birth Status p value Characteristics Birth Status p value
Term Preterm Term Preterm
n=117 n=15 n=117 n=15
Age (year), Median 26 27 062t Parity, n (%) 011%
Occupation, n (%) 0-52% Primiparous 48 (41-0) 3 (20:0)
Housewife 112 (957) 14 (93-3) Multiparous 69 (59) 12 (80:0)
Working 5 (4-3) 1(66.7) Number of children, n (%) 0-108
Ethnicity, n (%) 0-82% 0 53 (453) 3 (20:0)
Muhajir 57 (487) 6 (40-0) 1to2 51 (436) 10 (66-7)
Memon 25 (214) 4 (26:7) > 2 13 (11:1) 2(133)
Others 35 (299) 5 (33-3) Sex of children at home, n (%)
Education level, n (%) 0-261 Female 40 (34-2) 8 (53-3) 0.15%
No education 6 (51) 0 (0-0) Male 44 (376) 11 (73:3) 0.01%
Schooling 28 (23:9) 6 (40-0) Nature of present pregnancy, n (%) 0.379
Intermediate 22 (188) 4 (267) Planned 84 (71-8) 9 (60-0)
Graduate and above 61 (52:1) 5 (33-3) Unplanned 33 (282) 6 (400)
Education level of husband, n (%) 0-23t History of preterm birth, n (%) 7 (6) 2 (13:3) 0279
No education 2 (17) 0 (0-0) History of Abortion, n (%) 22 (188) 1(67) 0479
Schooling 20 (17-1) 7 (46-7) Visit to antenatal clinic, n (%) 0-89§
Intermediate 23 (197) 0 (00) First trimester 70 (598) 9 (60-0)
Graduate and above 72 (61:5) 8 (53-3) Second trimester 42 (35:9) 6 (400)
Monthly income (Rs.), n (%) 0-85t Third trimester 5 (4-3) 0 (0-0)
< 10,000 (low) *25 (23-8) 5 (33-3) Hemoglobin level, n (%) 0.26§
10,001 to 40,000 (medium) 75 (71-4) 7 (46:7) 81 to 90 mg/dl *5 (5-2) 10 (0-0)
> 40,001 (high) 5 (4-8) 3 (20:0) 91 to 100 mg/dl 15 (156) 1(7:1)
Family system, n (%) 0-76% > 100 mg/dl 76 (792) 13 (92:9)
Joint family system 84 (71-8) 10 (66:7) BMI (Ib/ftd), Median 258 284 0.65§
Nuclear family system 33 (282) 5(333) > = greater than. Hb = hemoglobin. BMI = body mass index. * = 21 missing.

> = greater than. < = less than. Rs. = Rupees. * = data missing. tMann-
Whitney U test. $Fisher exact test.

Discussion

Rates of stress (19-7%) and depression (40-9%) in preg-
nant Pakistani women in this study are high. Our find-
ings are consistent with a rate of 39-4% among Pakistani
women residing in Karachi [31] but lower than the rate
of 18% reported by others [32]. Of note, this study and
the study by Kazi et al., [31] used the CESD to measure
symptoms of depression, which has items related to
somatic symptoms of pregnancy, whereas the other
Pakistani study [31] used the short form of the Aga
Khan University Anxiety Depression Scale, which omits
items on the somatic symptoms, which may have
accounted for different findings.

The median cortisol value was 27-40 ug/dl (IQ = 22.5-
34-2 ug/dl) which is higher than values reported in the
literature. For instance, Hobel et al. [13] measured serum
cortisol at 28 to 30 weeks gestation and noted a mean
and standard deviation of 24-74 ug/dl and 0-58 ug/dl.
Ethnic differences in biological responses (i.e., HPA axis
and placenta) may explain the discrepancy in the
reported cortisol concentrations [33]. AKUH has a very

1 =1 missing. #Pearson chi square. §Mann-Whitney U test. qFisher exact test.

reliable laboratory with an internal and external quality
assurance program. The internal quality assurance is
maintained strictly by consultants and the supervisors of
the laboratory. The external quality assurance is audited
by Bio-Rad EQAS (External Quality Assurance Services,
USA). The quality assurance company checks the accu-
racy of cortisol levels every six months by verifying the
cortisol level of the powdered form of 12 samples from
the United States of America. In the present study, verifi-
cation was requested for all cortisol levels which were
reported to be high; the AKUH laboratory rechecked the
analysis and indicated that all reports were “true” (i.e.,
there were no errors in reporting).

We identified a strong positive significant relationship
between maternal stress and depression. The findings of
this study therefore, support Ruiz and Avant’s [20] con-
struct that there is a positive relationship between mater-
nal depression and stress. Studies [34-36] examining the
relationship between stress and pregnancy outcomes,
and/or depression, and pregnancy outcomes have
asserted that there is an independent relationship to
pregnancy outcomes.
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Figure 2 Scatter plot showing relationship between depression and stress scores.

We found no relationship between maternal stress and
cortisol level. Ruiz and Avant’s model of maternal prenatal
stress [20] suggests that in pregnant women as stress
increases, cortisol levels also increase, which was not iden-
tified in this study. Other studies [15,34,37] have also failed
to identify a relationship between maternal stress and cor-
tisol levels. Although findings are consistent studies used
different measures of stress including the Perceived Stress
Scale, [15,37] the Daily Hassles Scale, the Marital Strain
Scale of Pearlin, and the Schooler Multiple scale [34], and
others (e.g., negative life events, state-trait anxiety, coping
style, social support and pregnancy-specific anxiety) [37].

The findings of this study may be explained by allostatic
load which distinguishes between acute and chronic stress
and suggests how chronic stress affects the hormonal,
immune, and physiologic response in the body [38]. In
situations of short term or acute stress the body regains
homeostasis, whereas with exposure to long term or
chronic stress the body does not regain homeostasis and
allostatic load is elevated which activates the HPA and the
autonomic nervous system (CRH, ACTH, cortisol, cate-
cholamine, cytokines, etc.) to potentially increase the risk
of preterm birth [39]. A study exploring a threshold model
[40] suggested that stress beyond a certain level affects the
relationship between stress and depression. In the present
study, the A-Z stress tool measured cumulative stress and
did not differentiate between acute and chronic stress
which may have influenced the findings. In addition,

stress, depression, and cortisol levels were measured at a
single point in time, which may be inadequate for under-
standing the complex relationship between acute and
chronic stress, depression, and cortisol levels.

We found no relationship between maternal depres-
sion and cortisol levels, which is in contrast to Ruiz and
Avant’s [20] model and to several studies, [29,41,42]
which report higher cortisol levels in depressed women.
All the studies used the CESD to measure depression,
however, in this study blood samples were used to mea-
sure cortisol levels, whereas the other studies used first
morning [29,41] or midmorning [42] urine samples
which may influence findings [19]. A 24 hours urine col-
lection must be obtained to acquire a more accurate
measure of cortisol level as it is a “useful index of inte-
grated 24 hours plasma free cortisol” [[19], p.46]. The
role of depression as an activator of the HPA axis com-
pared to other co-morbid factors, such as anger and
anxiety, is unclear, and would perhaps influence cortisol
levels [19,34]. According to Field et al. [29] co-morbid
factors of depression, such as anxiety and anger, may
contribute to higher cortisol levels; hence challenge the
direct relationship between depression and cortisol.
Future research may wish to consider the relationship
between mood states as a potential influence on biology
and birth outcomes.

There was no relationship between cortisol levels and
preterm birth. Our findings are similar to Ruiz et al.
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Table 3 Significant predictors of preterm birth

Characteristics Birth Status Odds ratio 95% ClI p value*
Term Preterm
n=117 n=15
Maternal age (years) 117 15 1.03 091 -1.16 0.601
Occupation 0.692
Housewife 112 14 1.00
Working 5 1 1.60 0.17 - 14.70
Ethnicity 0.805
Muhajir 57 6 0.66 017 - 254
Memon 25 4 1.00
Others 35 5 0.89 022 - 366
Education level 0.3%
No education or some 34 6 1.00
Schooling
Intermediate and above 83 9 061 0.20 - 1.86
Education level of husband 0.023
No education or some 22 7 1.00
schooling
Intermediate and above 95 8 0.26 0.087- 0.01
Monthly Income (Rs.) 0438
< 10,000 25 5 1.00
> 10,000 80 10 0.62 0.20 - 2.00
Family system 0.683
Joint family system 84 10 1.00
Nuclear family system 33 5 1.27 040 - 4.00
Nature of work 0.698
Sitting 7 1 1.00
Standing 15 3 1.40 012 -160
Walking 30 3 0.70 006 - 7.78
All 34 6 1.24 0.13-11.93
Standing/walking 31 2 045 0.04 - 5.71
Hours of walking
0 to 2 hours per day 35 4 1.00 0.649
3 to 5 hours per day 69 8 1.01 0.29 - 3.60
> 5 hours per day 13 3 1.02 040 - 10.3
Hours of standing
0 to 2 hours per day 21 3 1.00 0.539
3 to 5 hours per day 84 9 0.75 0.19 - 3.01
> 5 hours per day 12 3 1.75 0.30 - 10.1
Parity 0.035
Primiparous 46 2 1.00
Multiparous 71 13 4.21 091 - 19.53
Number of children 0.145
0 53 3 1.00
1-2 51 10 346 090 - 13.31
> 2 13 2 272 041 -17.98
Sex of children at home
Female (no/yes) 77/40 7/8 2.20 0.74 - 6.50 0.155
Male (no/yes) 73/44 4/11 4.56 137 - 15.21 0.008
Nature of present pregnancy
Planned (no/yes) 33/84 6/9 1.70 056 - 5.15 0.358
History of preterm birth 110/7 13/2 041 0.08 - 2.20 0.334

(no/yes)
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Table 3 Significant predictors of preterm birth (Continued)
History of Abortion 95/22 14/1 3.24 040 - 26.0 0.198
(no/yes)
Visit to Antenatal Clinic 0.990
First trimester 70 9 1.00
Second/third trimester 47 6 0.99 033 -297
Hb Level 0.180
low 20 1 1.00
normal 76 13 342 042 - 27.73
Cortisol m 14 0.98 091 -1.05 0.507
Stress 117 15 0.96 0.86 - 1.08 0519
Depression 117 15 1.01 0.96 - 1.06 0.697

Cl = confidence interval. * = likelihood ratio statistic from the logistic regression model

[15] who also reported no relationship between cortisol
levels and preterm birth. In both studies only a small
number of women experienced preterm birth (6 out of
76 and 15 out of 132, respectively) and these small sam-
ples size increases the likelihood of making a type II
error. Future research with larger numbers of preterm
birth is required to better understand these complex
relationships. Alternative biologic pathways also need to
be considered, as cortisol may not be the most ideal bio-
marker of preterm birth.

Our study did not reveal any relationship between corti-
sol, stress and depression assessed at 28 to 30 weeks. How-
ever, studies [12,34,41,42] assessing the relationship earlier
in gestation have demonstrated a relationships between
some of these variables. Consequently, differences in time
points of assessment may explain why our findings are
inconsistent.

In our study increased parity was identified as a risk
factor for preterm birth, and it has been proposed that
physiologic risk factors common in multiparous women
(e.g., placenta previa, placental abruption, postpartum
hemorrhage) may partly explain the higher risk of pre-
term birth [43]. The literature is contradictory with some
studies [44-46] demonstrating an association between
increased parity and preterm birth while others [47,48]
showing no association. A systematic review revealed no
association between grand multiparity (parity 5-8) and
great grand multiparity (parity > 8) and preterm birth.
The role of parity may be context specific with effects of
poverty combined with stress, and other factors asso-
ciated with preterm birth (e.g., age, education, and ethni-
city) interacting in unique ways [46,49,50] to increase
risk of preterm birth in Pakistani women.

We found that preterm birth was associated with prior
delivery of a male child. The proportion of male infants
is higher among preterm births and this pattern is evi-
dent in different populations [51]. Pakistan has a high
rate of preterm birth (15-7%) [4] and since boys are
more likely to be born preterm, it is plausible that the

male children at home were born preterm. The risk of
preterm birth in the next pregnancy is about 15% to
more than 50% [2]. Consequently, this may explain the
association between male child at home and preterm
birth in this study. We did not collect data on the gesta-
tional age of the male child at home, thus cannot con-
firm this premise.

We found that higher levels of paternal education
reduced the risk of preterm birth. Education has been
used as a proxy for socioeconomic status [52]. Studies
from industrialized countries demonstrate an association
between socioeconomic inequalities (e.g., low education
level of women) and preterm birth [52-54]. In Pakistan,
gender inequality in education is evident from differ-
ences in literacy rates: adult male literacy rate is 43%,
whereas adult female literacy rate is 28% [55]. Our study
sample was more educated than the general population
with 60-5% of the husbands and 50% of the pregnant
women disclosing they had a baccalaureate or higher
degree. The education level of the husband may com-
bine with other indicators of socioeconomic status (e.g.,
occupational status) and psychosocial factors (e.g., deci-
sion making authority of women) to reduce the risk of
preterm birth or the finding may simply be due to
chance.

In our study women with medical or obstetrical his-
tories were excluded from this study, and limitations in
medical records and poor health literacy of the mothers
precluded classification into the other two subtypes of
preterm birth - spontaneous preterm labour without pre-
mature rupture of chorioamniotic membranes (PROM),
and preterm PROM with vaginal or caesarean section
delivery [2,56]. Examining the subtypes of preterm birth
may permit consideration of the etiological heterogeneity
of preterm birth; though this view remains contentious
given the similar processes leading to preterm birth
[57,58]. A study [58] examining maternal risk factors in a
hospital-based cohort of black and white women in rela-
tion to subtypes of preterm birth found differences in set
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of risk factors associated with medically indicated pre-
term. However, similarities were reported in set of risk
factors in the other two subtypes; although differences
were noted in effect size of specific risk factors. The
authors concluded that grouping preterm birth into
spontaneous and medically indicated preterm birth was
appropriate given the current state of evidence [58].
Future studies should examine the relative contribution
of each of the risk factors to preterm birth in each sub-
type of preterm birth.

In the present study, pregnant women were recruited
from the AKHWC, which are private clinics. The sample
was not completely representative of women in Karachi,
Pakistan, thereby impacting the external validity of the
study. Of the 187 women, 81 (54%) had an ultrasound
done in the first trimester and 55 (36:7%) had an ultra-
sound in the second trimester; however all pregnant
women had their LMP recorded in their patient chart.
Although earlier ultrasound (i.e., in the first trimester) pro-
vides better pregnancy dating than ultrasound in the sec-
ond trimester [59], to ensure a consistent approach in
dating pregnancy, the LMP was used to determine gesta-
tional age. We measured stress, depression, and cortisol
levels at a single point in time and within a two week time
frame which provides a very limited assessment of the psy-
chosocial health of the pregnant women throughout the
pregnancy.

A longitudinal cohort study, with multiple measures of
stress, depression, and cortisol levels, as well as a measures
of anxiety and other stress hormone biomarkers may add
new knowledge and enhance our understanding about the
relationship between stress, depression, anxiety, cortisol
levels and preterm birth. Lastly, in the present study, only
15 women experienced preterm birth which should be
considered in interpreting the findings.

Conclusion

Preterm birth was associated with higher parity, past
delivery of a male infant, and higher levels of paternal
education. There was no relationship between maternal
stress and depression, cortisol and preterm birth when
assessed cross sectionally at a single point in gestation.
A larger longitudinal cohort study, with multiple mea-
sures of stress, depression, and cortisol levels, as well as
a measure of anxiety may add new knowledge and
enhance our understanding about the relationship
between stress, depression, anxiety, cortisol levels and
preterm birth. There were high rates of stress and
depression among this sample suggesting that there are
missed opportunities to address mental health needs in
the prenatal period in Pakistan. Improved methods of
measurement are required to better understand the psy-
chobiological basis of preterm birth.
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