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The anticipated joy of a newborn’s birth often outweighs 
expectant mothers’ discomfort during delivery. However, the 
birth of preterm neonates may bring emotional and psychological 
stress related to uncertain survival of the neonate and the costs 
associated with caring for preterm neonates in an intensive care 
unit (ICU).[1-3] By standard international definition, preterm 
neonates are those born before 37 weeks’ gestation.[4,5] Such 
neonates are usually classified as extremely preterm (<28 weeks 
of gestation), very preterm (28 - 32  weeks’ gestation) and late 
preterm (32 - 36 weeks’ gestation). In 2010, preterm births (PTBs) 
were estimated at 14.9 million globally and considered the second 
highest cause of under-five mortality after pneumonia.[5] 

The incidence of PTBs varies across regions and population 
groups (e.g. 5.8% in Jordan,[6] 9.2% in the USA,[7] and 18.3% in 
Kenya[8]). The average incidence in low-income countries is 11.8%, 
11.3% in lower middle-income countries and 9.3% in high-income 
countries.[9] However, the incidence of PTBs is likely to be under-
estimated in low-resourced countries in Asia and Africa because of 
limited data and a notable number of unreported home deliveries 
that occur because of poverty and other factors.[9] 

PTBs are often medically associated with a number of factors 
related to uterine complications and multiple pregnancies.[10,11] 
However, some studies also suggest a strong association between 
maternal history and the incidence of PTB,[12,13] with the age of the 
mother identified as a notable factor.[14-16] For example, a recent study 
in Jordan found that women younger than 20 years and those older 
than 35 years have a higher risk of PTB.[7] 

Empirically, there is little or no statistical evidence of the association 
between maternal parity and the risk of PTB in Ghana. Nonetheless, 
studies elsewhere show an unclear association between these factors.[13,17] 
The underlying hypothesis is that expectant mothers with previous 
experience of managing a pregnancy and who experienced successful 
full-term delivery are likely to recognise the signs of PTB.[13] 

Similarly, studies have found that lower uptake of antenatal 
care results in a high risk of PTB.[7] In Ghana, a minimum of four 
antenatal clinic visits are recommended by the ministry of health, 
in line with recommendations by the World Health Organization, 
to help prevent adverse birth outcomes, including PTB.[18,19] 

The global epidemiology report on PTBs suggests that maternal 
stress during pregnancy contributes to spontaneous PTB and 
associated under-five mortality.[5] However, it is unclear how 
maternal stress during pregnancy should be defined and how it 
is associated with PTB, especially in low- and middle-income 
countries.[5,17,20] Clarifying the definition and investigating the 
association between maternal stress and PTB in Ghana can therefore 
add to existing knowledge. For example, if such an association exists, 
the study could help provide additional strategies to reduce the 
global incidence of PTB. 

The neonatal ICU (NICU) at the Korle-Bu Teaching Hospital 
(KBTH) in Ghana is a small unit operated under the Department 
of Child Health. It has an average daily capacity of 100 neonates 
and absorbs more than 80% of neonates born with complications 
at KBTH. The unit runs a 24-hour service with an average doctor-
to-neonate ratio of 1:20 and a nurse-to-neonate ratio of 1:10. The 
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NICU is under increasing pressure to admit a higher number of 
complicated cases, but resources are limited and the unit operates 
at capacity.[9] Preventing the need for admission to the NICU is 
therefore of interest. As PTBs account for a large part of NICU 
admissions, identification of modifiable predictors of PTB will 
help to provide distinct recommendations to reduce the incidence 
of preterm neonates having to be admitted to the NICU and 
consequently reduce pressure on the unit and expense burdens for 
mothers. Data reported in the current analysis were collected as 
part of an earlier study on the cost of neonatal sepsis at the NICU 
of KBTH.[21] The focus on maternal factors (i.e. maternal age, parity, 
gravidity and stress) as predictors of PTB in the analysis reported 
here relates to limited information being available on how these 
factors affect the risk of PTB and admission to the NICU in the 
Ghanaian setting.

Methods
Study population and sample size
The study population comprised mothers whose neonates were 
admitted to the NICU. KBTH is Ghana’s major tertiary referral 
hospital and admits patients only upon referral from another 
institution or for critical emergencies. All mothers of neonates 
admitted to the NICU between October 2017 and January 2018 
were prospectively enrolled in the study. Of the 357 women who 
gave birth  at KTBH, 251 delivered live preterm neonates, who 
were admitted to the NICU. Informed consent was sought from all 
the participants. 

Data collection
Data on mothers’ age, parity, gravidity, number of ANC visits and 
employment status at the time of pregnancy were obtained from 
the clinical admissions and discharge records at the NICU. Data 
on maternal stress during pregnancy and the completed number of 
ANC contacts with healthcare professionals were obtained during 
postpartum interviews with participants as part of a questionnaire 
originally designed to obtain data on the cost of neonatal sepsis. We 
used four indicators to measure maternal stress, namely whether 
mothers had experienced any of the following: (i) unwanted 
pregnancies; (ii) economic hardship; (iii) family pressure of any kind; 
or (iv) lack of spousal support during pregnancy.[20] 

Statistical analysis 
A binary logistic regression estimation model (version 13; Stata 
Corp., USA) was used to estimate the risk of preterm deliveries 
in the sample, expressed as an odds ratio (OR). We constructed a 
binomial variable for preterm delivery as the dependent variable. All 
neonates delivered after <37 weeks’ gestation were classified as preterm 
and assigned a code of 1. Those born at or later than 37 weeks’ gestation 
were classified as term births and assigned a code of 0. 

We considered maternal stress as a predictor of PTB. It was defined 
to mean stress gained from an unwanted pregnancy, economic hardship, 
family pressure of any kind, or lack of spousal support during the 
pregnancy. We created a stress severity score (SSS) to measure the degree 
of stress experienced by the mother during her pregnancy, ranging from 
little stress (SSS1) to severe stress (SSS4). A score of zero was used as a 
reference point to denote no stress. 

A gravidity score (G1 - G5) was used to denote the number of times 
a participant has been pregnant, with the number of pregnancies 
indicated by the subscript number. Maternal parity was coded similarly 
(P0 - P4) to indicate the number of times a participant has delivered a live 
baby or stillborn by 24 weeks of gestation or later. A parity score of P0 
means a participant has no history of delivering a live or stillborn baby. 

Maternal age was coded as follows: 0 for women aged 20 - 35 years; 
1 for women younger than 20 years; and 2 for women older than 
35 years. The age group 20 - 35 years was taken as the reference group. 

We improved the fitness of the model by also including other 
predictors of PTB, such as maternal history of preterm deliveries 
(yes=1; no=0), sex of the neonate (male=1; female=0), and whether 
or not respondents attended the minimum number of recommended 
ANC visits (yes=1; no=0).

The approach to the model was twofold. We first derived OR at 
α=0.05 and a 95% confidence interval (CI), following the estimation 
example of Abdel-Razaq et  al.,[7] and then hypothesised that each 
predictor variable (mother’s age, gravidity, stress and parity) would 
have a unique association with the dependent variable (PTB). As 
a result, both forward and backward stepwise logistic regression 
was performed to test for significant change in the model fit. In 
the forward stepwise approach, predictors were selected based on 
their level of association with PTB, starting with maternal stress as 
the modifiable predictor and followed by parity, maternal age and 
the three remaining adjusted variables. In the backward selection, 
we omitted predictors with no or little association with PTB from 
the model in descending order of significance to identify which 
predictors contributed most to the fit of the model. 

Ethical considerations 
The study protocol was approved by the KBTH Institutional Review 
Board (ref. no. KBTH-IRB/ 00036/2017 and KBTH-IRB/00025/2017). 

Results
Descriptive statistics
Approximately 70% of neonates admitted to the NICU during the 
study period were born preterm, with 83.6% of these being late 
preterm (32 - 36 weeks of gestation). The estimated average birth 
weight of preterm neonates was 2.1 kg. Approximately 65% of the 
respondents completed the recommended four antenatal clinic visits 
(Table 1). However, almost all mothers (97.2%) who delivered term 
neonates attended all four ANC visits, compared with 51.8% of 
mothers with preterm deliveries. Economic hardship was reported 
as a source of stress during pregnancy by 37.2% of the participants. 
Lack of spousal support was reported as a source of stress by 25.1% 
of participants and family pressure by 14.7%. Unwanted pregnancy 
was reported as a source of stress by 6.2% of the participants. Slightly 
more than a quarter of participants (27.5%) experienced severe 
stress, meaning they were exposed to all four stress factors; 16.8% of 
participants experienced no stress. The average gravidity and parity 
scores were 2 and 3, respectively. 

Of the mothers with PTBs, 29.9% experienced severe stress, 
whereas 10.8% reported having experienced no stress. The highest 
proportion of preterm deliveries (73.3%) was reported among 
women aged 20 - 35 years. 

Multivariate logistic regression 
In both the adjusted and unadjusted models, maternal stress and 
maternal parity were positively associated with PTB (Table  2). 
With reference to maternal parity, the highest adjusted OR (aOR) 
was recorded among mothers with a parity score of 4 (aOR 4.3). 
Similarly, the aOR for mothers who reported severe maternal stress 
during pregnancy (aOR 3.7) compared with that of mothers who 
reported no or limited stress (aOR 1.6) suggests a significant positive 
association between PTB and maternal stress. Maternal history 
of PTB (aOR 2.3) and a gravidity score of 5 (aOR 2.4) also had a 
significant positive association with PTB. The regression analysis 
shows that attending the recommended minimum of four ANC 
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visits significantly reduces the risk of PTB (aOR=0.5).Maternal 
age >35 years emerged as a significant positive predictor of PTB 
in the adjusted model (aOR=2.1) but not in the unadjusted model 
(Table 2). The predictors included in the adjusted model accounted 
for 45.1% of the model fit (R2=0.4506) compared with 33.9% in the 
unadjusted model (R2=0.3391). Stepwise logistic regression showed 
maternal parity alone to account for a significant proportion (17.3%) 
of the adjusted model fit, compared with 11.8% for maternal stress, 
3.8% for gravidity and 1% for maternal age. 

Discussion 
The high incidence of PTBs has increasingly gained attention in 
epidemiological and public health discourses owing to its association 
with under-five morbidity and mortality. Evidence from the present 
study reinforces reports on the multidimensional risk factors 
of PTB.[7,19,22] Consistent with other studies,[23] we found that 
maternal age >35 years was positively associated with the delivery 
of preterm neonates who were subsequently admitted to the NICU. 
However, unlike a recent study from Jordan, we found no statistically 
significant association between maternal age <20 years and PTB. 

The comparative difference may be ascribed to differences in 
environmental and demographic factors such as maternal height, 
race, body mass index, alcohol consumption and smoking habits, 
which may influence the risk of PTB. Our data and findings suggest 
that to avoid the risk of PTB, expectant mothers should consider 
childbirth before they reach the age of 35 years. This suggestion is 
consistent with that of reports that indicate that pregnancies between 
the ages of 20 and 35 years are likely to avert dysfunctions of the 
uterus, which often result in PTB among pregnant women older 
than 35.[18-20]

We examined parity as a risk factor of PTB. Unlike the findings 
from the study in Jordan,[7] we found an increase in parity score to 
be positively associated with the risk of PTB, which may be a result of 
the physical burden of multiple pregnancies. It may also be possible 
that mothers with high parity scores thought they could manage the 
pregnancy based on their previous experience of pregnancy, and so 
did not attend the minimum recommended number of ANC visits. It 
could also be that some mothers may have been busy caring for their 
other children or seeing to their business, and for that reason were 
unable to use antenatal services optimally. Our results suggest that 

Table 1. Descriptive statistics of participants
Variable Preterm (N=251), n (%)* Term (N=106), n (%)* Total (N=357), n (%)
SSS

None 27 (10.8) 33 (31.2) 60 (16.8)
Limited 33 (13.1) 12 (11.3) 45 (12.6)
Moderate 57 (22.7) 17 (16.0) 74 (20.7)
High 59 (23.5) 21 (19.8) 80 (22.4)
Severe 75 (29.9) 23 (21.7) 98 (27.5)

Maternal age (years)
<20 29 (11.6) 6 (5.6) 35 (9.8)
20 - 35 184 (73.3) 96 (90.6) 280 (78.4)
>35 38 (15.1) 4 (3.8) 42 (11.8)

Parity score†

0 27 (10.8) 52 (49.1) 79 (22.1)
1 59 (23.5) 23 (21.7) 82 (22.9)
2 64 (25.5) 22 (20.7) 86 (24.1)
3 52 (20.7) 5 (4.7) 57 (16.0)
4 49 (19.5) 4 (3.8) 53 (14.9)

Gravidity score‡

1 65 (25.9) 32 (30.2) 97 (27.2)
2 46 (18.3) 35 (33.0) 81 (22.7)
3 35 (14.0) 19 (17.9) 54 (15.1)
4 42 (16.7) 8 (7.6) 50 (14.0)
5 63 (25.1) 12 (11.3) 75 (21.0)

Attended minimum ANC visits
Yes 130 (51.8) 103 (97.2) 233 (65.3)
No 121 (48.2) 3 (2.8) 124 (34.7)

Sex of neonate
Male 135 (53.8) 67 (63.2) 202 (56.6)
Female 116 (46.2) 39 (36.8) 155 (43.4)

History of PTB
Yes 73 (29.1) 23 (21.7) 96 (26.9)
No 178 (70.9) 83 (78.3) 261 (73.1)

SSS = stress severity score; ANC = antenatal care; PTB = preterm birth.
*Deliveries at <37 weeks’ gestations are classfied as preterm. Deliveries at ≥37 weeks’ gestation are considered term.
†Mean parity score = 2
‡Mean gravidity score = 3.
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attending the minimum number of antenatal visits lowers the risk of 
PTB and associated admission to the NICU. 

Our study also investigated whether exposure to stress from 
unwanted pregnancies, economic hardship, family pressure or lack of 
spousal support increases or reduces the risk of PTB, with a positive 
relationship between maternal stress and the risk of PTB being 
expected. Unlike the findings by Dunkel Schnetter and Tanner,[20] 
our results suggest that the risk of PTB increases with the severity 
of maternal stress during pregnancy. Although maternal stress can 
also be associated with term neonates admitted to the NICU with 
complications, we contend that women whose preterm neonates are 
admitted to the NICU may generally have had higher levels of stress 
exposure. However, we have no a priori reason to believe that prior 
stress exposure would differ by reason for admission and our study 
cannot prove an association between stress exposure and PTB more 
generally, except to note that because PTBs account for the majority 
of admissions of neonates into the NICU, reducing maternal stress 
could also reduce the number of neonates admitted to the NICU.

Study strengths and limitations
In this study, we were able to deconstruct the degree and relative effect 
of maternal age, parity and stress in the fit of a logistic regression 
model. Our approach thus differs from existing studies that do not 
report model fit to establish the extent of the stochastic error term. As 
such, the study presents unique findings on maternal risk factors of 
PTB in Ghana and subsequent admission to the NICU. It adds to the 

literature on alternative measures of maternal stress as a risk factor of 
PTB and shows that both maternal stress and parity increase the risk 
of PTB. Unlike other related studies, we evaluated the extent of the fit 
of our model fit for both adjusted and unadjusted predictors of PTB. 
The lack of secondary clinical data on other potential risk 
factors,  such as maternal diabetes, smoking or hypertension, 
may have  contributed to the model fit of only 45%. Reports of 
exposure to stress during pregnancy were obtained retrospectively 
and, combined  with being faced with their infants’ admission 
to the NICU,  which in itself is stressful, mothers may have 
been subject  to  recall bias. However, we believe this bias to be 
non‑differential as it would apply  to  all mothers interviewed. 
Although a nationwide study at referral hospitals would be 
desirable to generalise the finding, it was not possible because the 
data reported here were leveraged from another, broader study on 
the cost of neonatal sepsis. 

Conclusion
Despite many factors other than what we studied also contributing 
to the high risk of preterm deliveries in Ghana, and developing 
countries more broadly, our predictors explain a significant 45% 
of the chances of neonates admitted to the NICU at KBTH 
being preterm. From this, we conclude that the most appropriate 
intervention to reduce the high risk of PTB is for expectant mothers 
to attend at least four ANC visits so that any anomaly that could 
result in PTB can be identified and treated in time. In addition, 

Table 2. Multivariate logistic regression analysis of the predictors of preterm births (N=357)
Adjusted model
(R2=0.4506),
aOR (95% CI) p-value

Unadjusted model
(R2=0.3391),
OR (95% CI) p-value

SSS
None Ref - Ref –
Limited 1.6 (1.2 - 2.4) 0.002 1.1 (0.7 - 1.6) 0.003
Moderate 1.7 (1.5 - 2.3) 0.000 1.3 (0.9 - 1.8) 0.002
High 2.4 (1.9 - 2.7) 0.002 2.1 (1.7 - 2.5) 0.007
Severe 3.7 (3.3 - 4.5) 0.000 3.2 (2.8 - 3.7) 0.000

Maternal age (years)
20 - 35 Ref – Ref –
<20 0.2 (0.1 - 0.9) 0.186 0.9 (0.4 - 2.8) 0.941
>35 2.1 (1.7 - 2.9) 0.035 2.3 (1.8 - 3.2) 0.097

Parity score
0 Ref – Ref –
1 1.8 (1.3 - 2.1) 0.000 2.3 (1.9 - 2.7) 0.000
2 2.1 (1.5 - 2.4) 0.000 2.7 (2.4 - 3.1) 0.000
3 2.6 (2.1 - 3.2) 0.000 3.1 (2.7 - 4.3) 0.000
4 4.3 (3.5 - 4.7) 0.000 3.4 (3.1 - 5.6) 0.000

Gravidity score
1 Ref – Ref –
2 0.9 (0.4 - 2.1) 0.901 0.6 (0.3 - 1.1) 0.162
3 1.1 (0.4 - 2.6) 0.898 0.9 (0.4 - 1.8) 0.785
4 2.0 (1.7 - 5.5) 0.172 2.5 (1.1 - 6.1) 0.032
5 2.4 (1.9 - 5.9) 0.051 2.5 (1.2 - 5.4) 0.013

Attended minimum ANC visits 0.5 (0.3 - 0.8) 0.000
Sex of neonate (ref=male) 0.4 (0.3 - 0.7) 0.015
History of PTB (ref=yes) 2.3 (2.1 - 2.8) 0.006

SSS = stress severity score; aOR = adjusted odds ratio; OR = odds ratio; CI = confidence interval; ANC = antenatal care; PTB = preterm birth.
Ref=1.
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our findings suggest women should consider childbirth before they 
reach the age of 35 years to avoid PTB. However, we encourage future 
studies of this kind to use population-based data to allow more 
generalisable results. 
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