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The World Health Organization (WHO) defines preterm birth as 
the birth of an infant earlier than 37 weeks (259 days) of gestation.[1] 
The almost 15 million preterm births recorded globally in 2010 
represented more than one in ten live births,[1] with approximately 
25% of newborn deaths recorded annually attributed directly to 
prematurity and 30% to secondary infections.[2,3] In addition, ~90% 
of preterm births and 99% of preterm deaths occur in developing 
countries.[4] In many low-income countries, only 30% of infants born 
between 28 and 32 weeks survive and almost all infants born earlier 
than 28 weeks die during the first few days of life. In these settings, 
the majority of deaths occur where primary care is not available.[1-4] 
In Ethiopia, specifically, preterm births contribute directly to 28% of 
newborn deaths.[5-7]

Preterm birth often leads to lifelong complications, including 
neurodevelopmental impairment and disabilities such as learning 
difficulties, hearing impairment and behavioural problems, 
chronic lung disease, retinopathy of prematurity and lower growth 
achievement.[6] Preterm birth also affects the infant’s family, who may 
have to spend substantial time and financial resources to care for the 
newborn. Preterm birth therefore has considerable cost implications 
not only for families but also for a country’s health services.[8]

The cause of preterm birth is unknown in almost half the cases.[5,9] 
Some risk factors have been identified, for example sociodemographic 
factors, history of obstetric abnormalities, intrauterine infections, 
pregnancy-related irregularities, and genetic and environmental 
factors.[1,4,10-16] However, the complexity and overlap of risk factors 

are not well understood and their mechanisms are unknown in 
most cases. Low socioeconomic status has been identified as a 
contributing factor in preterm births.[12-17] This may be attributed 
to women from low-income settings often experiencing nutritional 
deficiencies, insufficient healthcare, a low level of education and a 
stressful life.[13] Studies also show that a previous preterm delivery 
substantially increases a woman’s risk of a subsequent spontaneous 
preterm delivery.[11,14,15,18,19] Multiple pregnancies and stillbirth have 
also been identified as risk factors for preterm delivery.[17-19]

The aetiology of preterm births is multifactorial and evidence 
suggests that the prevalence varies depending on geographical and 
demographic features. To reduce the burden of preterm births, 
effective maternal care, including specific and comprehensive 
obstetric care for preterm newborns, is required.[20] Despite it 
being known that maternal complications and social settings have 
a substantial role in the underlying risk of preterm delivery, the 
magnitude and risk factors of premature births are not clearly known 
in Ethiopia. 

Methods 
Study setting and design 
The study was conducted in the central zone of the Tigray Regional 
State, which is approximately 1 000 km from Addis Ababa, Ethiopia’s 
capital, and 220 km from the regional capital, Mekelle. There are 54 
governmental health centres and seven hospitals in the study area. 
Three of the hospitals offer general care, whereas the remaining 
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four offer primary care. To identify predictors of preterm birth, an 
institution-based, unmatched case-control study was conducted in 
all the hospitals in the study area between 1 and 30 October 2016. 

Sampling description 
The sample size was estimated according to the double population 
proportion formula in EPI Info version 7 (CDC, USA). With a case-
control ratio of 1:2, an estimated odds ratio (OR) of 3.81 and a 10% 
non-response rate expected, the total calculated sample size was 
288 (96 cases and 192 controls). Convenience sampling was used to 
sample a proportional number of cases and controls from each study 
site based on its population size (Fig. 1). 

Assuming that cases would present randomly, we included all 
women who gave birth during the study period until the specified 
number of participants had been reached at the respective sites. This 
approach contributed to minimising selection bias. 

Cases were defined as women whose infants were born prematurely, 
whereas controls were those who gave birth at normal gestational 
age. Mothers of stillborns or women who gave birth earlier than 28 
weeks or later than 42 weeks of gestation were excluded. Women 
who were severely ill and unable to communicate were also excluded. 

Data collection 
Seven trained data collectors obtained data from participants through 
chart reviews and individual interviews, using a pretested questionnaire. 
The data collectors were all healthcare professionals, but did not work in 
the study area. The data collection process was supervised by members 
of the research team. The data sets described in the manuscript are 
available on request, in a way that preserves anonymity.

Data analysis
Data were entered into a software application (EPI Info, version 7) 
and then exported to SPSS version 20 (IBM Corp., USA) for statistical 
analysis. Descriptive statistics were used to describe qualitative 
variables. Chi-squared tests were used to assess the association of 
categorical variables with preterm birth. To identify determinants 
of preterm birth, an initial bivariate logistic regression analysis 
was performed to observe the effect of each independent variable, 
without controlling for effects of other predictors. Variables with 
p-values <0.2 were considered potential candidates for multivariate 
analysis. A multivariate binary logistic regression analysis was 
developed using stepwise regression. According to this technique, 

identified variables are added one at a time and variables that become 
obsolete can be removed at any time during model development. 
A likelihood ratio test was used to identify confounding factors 
and interaction effects. Variance inflation factors were considered 
to identify multicollinearity; there is no statistically significant 
collinearity between variables in the final model. The model’s overall 
goodness of fit and prediction power were assessed according to 
the Hosmer-Lemeshow test and receiver operating characteristics, 
respectively. A significance level of p<0.05 was used throughout. 

Ethical considerations 
Ethical clearance was obtained from the Ethics and Research 
Committee of the College of Health Sciences, Aksum University. 
The official ethical clearance letter was submitted to the Tigray 
Regional Health Bureau, who subsequently issued permission letters 
for conducting the study at the various selected hospitals. Finally, the 
chief executive officers at each hospital gave permission to conduct 
the study in the respective departments. 

Informed consent was obtained verbally from each participant 
before an interview. Participants were informed of their right to 
accept or deny participation in our study. Information was treated as 
confidential and was used only for research purposes.

Operational definitions 
The following operational definitions pertain to the study:
• Abortion: The termination of a pregnancy earlier than 28 weeks of 

gestation; this is not considered a preterm delivery in the context 
of this study. 

• Preterm birth: An infant born between 28 and 37 weeks of 
gestation. 

• Full-term birth: An infant born between 37 and 42 weeks of 
gestation.

• Post-term birth: An infant born after 42 full weeks of gestation.
• Gynaecological problem: Any type of gynaecological problem, 

such as problems of the uterus or cervix. 
• Spousal care: A spouse’s support to a woman during her pregnancy, 

including assuming household responsibilities. 
• Heavy activities: Activities that are performed with difficulty 

during a woman’s pregnancy. 
• Infection during pregnancy: Any infection of the reproductive 

system experienced during pregnancy, including urinary tract 
infections.

7 hospitals in the central zone of Tigray Regional State

3 general hospitals

Aksum Hospital 
n1=24+48

Adwa Hospital
n2=14+30

Abiyadi Hospital
n3=14+28

4 primary hospitals

Edaga Arbi Hospital
n4=12+21

Enticho Hospital
n5=11+26

Rama Hospital
n6=9+17

n�nal=n1+n2+n3+n4+n5+n6+n7
Cases: 24+14+14+12+11+9+12=96

Controls: 48+30+28+21+26+17+22=192

Seme Hospital
n7=12+22

Fig. 1. Schematic presentation of sampling procedure, N=288. 
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Results
Demographic and socioeconomic characteristics 
Complete data sets were obtained from 288 participants, which 
gives a response rate of 100%. Approximately two-thirds of the 
respondents (n=190; 66%) were from urban areas. Almost all the 
respondents were married (n=284; 98.6%) and of the Tigrayan ethnic 
group (n=282; 97.9%). The majority of the respondents indicated 
their religion as Orthodox Tewahido (n=269; 93.4%). The mean 
(standard deviation) age of the study participants was 26.1 (5.9) 
years, with two-thirds of the respondents being between 20 and 34 
years of age (n=192; 66.7%) (Table 1). 

Obstetric and nutritional characteristics
Gynaecological problems were reported by 16 respondents (5.6%) 
and 31 (10.8%) reported an infection during their pregnancy (Table 2). 
In addition, 19 (6.6%), 10 (3.5%) and 6 (2.1%) of the respondents 

had a history of preterm delivery, multiple pregnancies and stillbirth, 
respectively. The majority of the respondents (n=255; 88.5%) had 
received nutrition advice during their pregnancy and more than a 
quarter (n=84; 29.2%) used nutritional supplements during their 
pregnancy. A fifth of the deliveries were through caesarean section 
(Table 3). 

A similar proportion of respondents were married before and 
after 18 years of age. A fairly small proportion of respondents 
(n=38,;13.2%) had their first delivery before the age of 18 years, 
whereas 86.8% were 18 years or older at their first delivery. 

The majority of respondents (n=270; 93.8%) had at least one 
antenatal clinic visit during their last pregnancy. Only approximately 
a third of the respondents (n=101; 35.1%) attended an antenatal 

Table 1. Demographic and socioeconomic characteristics of 
respondents (N=288)
Variables Frequency, n (%)
Age (years) 

<20 58 (20.1)
20 - 34 192 (66.7)
35 - 49 38 (13.2)

Religion 
Orthodox Tewahido 269 (93.4)
Islam 19 (6.6)

Ethnicity 
Amhara 6 (2.1)
Tigrayan 282 (97.9)

Monthly income (USD)
<550 39 (13.5)
550 - 1 049 32 (11.1)
>1 050 217 (75.4)

Occupation 
Housewife 202 (70.1)
Government employee 51 (17.7)
Trader 35 (12.2)

Place of residence 
Urban 190 (66.0)
Rural 98 (34.0)

Marital status 
Married 284 (98.7)
Unmarried 1 (0.3)
Divorced 3 (1.0)

Maternal education 
No formal education 23 (8.0)
Primary 131 (45.5)
Secondary or higher 134 (46.5)

Spouse’s education
No formal education 20 (6.9) 
Primary 72 (25.0) 
Secondary or higher 196 (68.1)

Spouse’s occupation 
Government employee 127 (44.1)
Day worker 28 (9.7)
Farmer 91 (31.6)
Trader 42 (14.6)

Table 2. Obstetric and nutritional characteristics of respondents 
(N=288)
Variables Frequency, n (%)
Gynaecological problems

Yes 16 (5.6)
No 272 (94.4)

Number of pregnancies
1 118 (41.0)
2 - 4 80 (27.8)
≥5 90 (31.2)

History of stillbirth
Yes 6 (2.1) 
No 282 (97.9)

History of preterm birth
Yes 19 (6.6)
No 269 (93.4)

History of multiple pregnancies
Yes 10 (3.5)
No 278 (96.5)

Infection during pregnancy
Yes 31 (10.8)
No 257 (89.2)

Nutritional counselling during pregnancy
Yes 255 (88.5)
No 33 (11.5)

Nutritional supplementation during pregnancy
Yes 84 (29.2)
No 204 (70.8)

Folic acid supplementation
Yes 233 (80.9)
No 55 (19.1)

Heavy activities during pregnancy
Yes 200 (69.4)
No 88 (30.6)

Support during pregnancy
Yes 265 (92.0)
No 23 (8.0)

Spousal care during pregnancy
Yes 276 (95.8)
No 12 (4.2)

History of abortion
Yes 17 (5.9)
No 271 (94.1)
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Table 3. Association between respondents’ obstetric and nutritional characteristics with gestational age
Variables Preterm deliveries n (%) n=196 Full-term deliveries n (%) n=192 p-value
Gynaecological problems

Yes 12 (12.5) 4 (2.1)
0.001

No 84 (87.5) 188 (97.9)
Antenatal care follow-up

Yes 79 (82.3) 191 (99.5)
0.001

No 17 (17.7) 1 (0.5)
Number of visits to antenatal clinic

<4 90 (93.8) 97 (50.5)
0.001

≥4 6 (6.2) 95 (49.5)
Age at first delivery (years)

<18 20 (20.8) 18 (9.4)
0.007

≥18 76 (79.2) 174 (90.6)
Age at first marriage (years)

<18 55 (57.3) 94 (49.0)
0.113

≥18 41 (42.7) 98 (51.0)
Number of pregnancies

1 29 (30.2) 89 (46.3)
0.0012 - 4 18 (18.8) 62 (32.3)

≥5 49 (51.0) 41 (21.4)
History of stillbirth

Yes 5 (5.2) 1 (0.5) 191 
0.017

No 91 (94.8) 191 (99.5)
History of preterm birth

Yes 16 (16.7) 3 (1.6)
0.001

No 80 (83.3) 189 (98.4)
History of multiple pregnancies

Yes 8 (8.3) 2 (1)
0.003

No 88 (91.7) 190 (99)
Infection during pregnancy

Yes 30 (31.2) 1 (0.5)
0.001

No 66 (68.8) 191 (99.5)
Nutritional counselling during pregnancy

Yes 77 (80.2) 178 (92.7)
0.002

No 19 (19.8) 14 (7.3)
Nutritional supplementation during pregnancy

Yes 48 (50.0) 156 (81.2)
0.001

No 48 (50.0) 36 (18.8)
Folic acid supplementation

Yes 52 (54.2) 18 (94.3)
0.001

No 44 (45.8) 11 (5.7)
Heavy activities during pregnancy

Yes 52 (54.2) 148 (77.1)
0.001

No 44 (45.8) 44 (22.9)
Support during pregnancy 

Yes 78 (81.2) 187 (97.4)
0.001

No 18 (18.8) 5 (2.6)
Spousal care during pregnancy

Yes 86 (89.6) 190 (99.0) 
0.001

No 10 (10.4) 2 (1.0)
History of abortion

Yes 6 (6.2) 11 (5.7)
0.524

No 90 (93.8) 181 (94.3)
Planned pregnancy

Yes 88 (91.7) 185 (96.4)
0.083

No 8 (8.3) 7 (3.6)
Type of delivery

Spontaneous vaginal delivery 80 (83.3) 153 (79.7)
0.283

Caesarean section 16 (16.7) 39 (20.3)
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clinic four times or more during their pregnancy, as is recommended, 
whereas 187 (64.9%) reported that they had fewer than four visits to 
an antenatal clinic. 

Of the respondents, 118 (41%) reported the pregnancy to have 
been their first, whereas 27.8% of the respondents reported having 
been pregnant up to four times before and 31.2% reported the 
current pregnancy to have been their fifth or later (Table 3). 

Factors associated with preterm delivery 
The bivariate analysis (Table 4) showed that women with a history of 
a previous preterm delivery, multiple pregnancies or stillbirth were 
more likely to experience a preterm delivery than women without 
such histories (previous preterm delivery: adjusted odds ratio 
(aOR) 5.59, 95% confidence interval (CI) 0.968 - 32.254; multiple 
pregnancies: aOR 6.35, 95% CI 0.857 - 47.056; stillbirth: aOR 3.99, 
95% CI 0.324 - 49.143). 

The multivariate analysis showed women from urban areas to be 
3.11 times (95% CI 1.181 - 8.168) more likely to experience a preterm 
delivery than those from rural areas. Women with gynaecological 
problems were 8.91 times (95% CI 1.580 - 50.252) more likely to 
experience a preterm delivery than those without such problems. 
Women who gave birth before the age of 18 were 4.6 times (aOR 4.56, 
95% CI 1.702 - 12.215) more likely to have a preterm delivery than 
those who were 18 years or older at the time of their first pregnancy. 
A preterm delivery was 4.7 times more likely among women who 
were pregnant for the first time (aOR 4.66, 95% CI 1.635 - 13.254) 
than among those who had been pregnant before. Women who 
did strenuous physical activity during pregnancy were 3.9 times 
(aOR 3.85, 95% CI 1.622 - 9.144) more likely to have a preterm 
delivery than those who did not perform such activities. Women 
who received nutritional supplementation, nutrition advice and had 
some form of support during their pregnancy were 74% (aOR 0.26, 
95% CI 0.008 - 0.084), 76% (aOR 0.24, 95% CI 0.067 - 0.862) and 82% 
(aOR 0.18, 95% CI 0.042 - 0.802) less likely to experience a preterm 
delivery, respectively. 

Discussion 
This study assessed predictors of preterm births among mothers 
in the central zone of Tigray, northern Ethiopia. In this study, 94% 
participants attended an antenatal clinic at least once. Although this 
is higher than the universal proportion, only 35% of participants 
reported at least four visits. With effective prenatal care, risk factors 
of preterm birth and other complications of pregnancy can be 
identified and managed.[18,19] Between 2007 and 2014, approximately 
83% of women worldwide received antenatal care at least once during 
their pregnancies and 64% reported the WHO-recommended four 
antenatal clinic visits.[21-23]

Various studies have indicated that sociodemographic 
characteristics (including low socioeconomic status), history of 
obstetric abnormalities, intrauterine infections, and genetic and 
environmental factors are associated with preterm births.[11-16,24,25] 
The association between socioeconomic status and preterm delivery 
may be related to women in low-income settings often experiencing 
nutritional deficiencies, having insufficient healthcare, a low level of 
education and a stressful life.[13,24] 

Our findings reflect similar interpretation. Place of residence, 
gynaecological problems, number of pregnancies, frequency of 
antenatal care, strenuous activity, support during pregnancy, 
micronutrient supplementation, additional food intake and 
nutritional counselling during pregnancy were identified as factors 
to be considered when assessing predictors of preterm birth; 
micronutrient supplementation, nutritional advice and additional 
nutrition intake during pregnancy were identified as protective 
factors against premature delivery. 

Women from urban areas were three times more likely to have a 
preterm delivery than women in rural areas. In contrast, a 2016 study 
from northern Ethiopia reported that mothers from rural areas were 
at higher risk of preterm delivery than mothers from urban areas.[24]  
The discrepancy might be due to the difference in lifestyle and 
socioeconomic status of the subjects. 

In our study, first-time mothers were 4.7 times more likely to 
experience a preterm delivery than those who have had children 
before. A study by Alijahan et al.[11] reported that the increased 
risk seen in first-time pregnancies was not statistically significant. 
However, findings from a multicountry survey on maternal and 
newborn health and also one conducted in Jimma, Ethiopia, show 
that women who have given birth before were at higher risk of 
preterm deliery than first-time mothers.[26,27] Our study also shows 
that women who did not attend an antenatal clinic regularly were at 
higher risk of having a preterm birth, as has been found also in other 
studies[15,16] and specifically also in a study from the Amhara Regional 
State in Ethiopia.[23] Research evidence suggests that effective prenatal 
care can help to identify and manage risk factors of preterm birth and 
pregnancy-related complications.[18] 

The finding that gynaecological problems appear to be a notable 
risk factor for preterm birth is in line with findings from elsewhere 
in the world.[18-20,27] Similar to other studies, we also found a history of 
multiple pregnancies to infer a higher risk of preterm delivery.[18,19,27] 
This is supported by findings that show that premature birth occurs 
in about 50% of non-singleton births.[7] Our finding that a history of 
stillbirth increases the risk of a preterm delivery birth is supported by 
some previous studies,[10,18,19,27] although not consistently.[23,25] 

Preterm birth is a complex condition and likely a combination of 
genetic and environmental factors.[28] Various studies indicate history 
of preterm birth as a risk factor for recurrent preterm birth.[11,15,18-20,27] 
The occurrence of preterm birth in such cases appears to range from 
15% to 50%, depending on gestational age at which earlier deliveries 
occurred.[22,28] 

Women younger than 18 when they gave birth were 4.7 times 
more likely to have a premature delivery. This is in line with 
findings by Smith et al.[29] The increased risk in younger women 
may be related to reproductive system development. In our study, 
women who were supported during their pregnancy were 82% less 
likely to experience preterm birth, whereas those who engaged 
in strenuous physical work had a notably higher risk for preterm 
delivery. Similar observations were seen in an Iranian study,[11] 
although the study by Abu Hamad et al.[18] does not show the 
mother’s level of physical activity to be associated with preterm 
birth. 

Study limitations
Our study included only a single zone in the region, which reduces 
the generalisability of the results. Recall bias, as can occur in case–
control studies, may have occurred. 

Conclusion 
Living in an urban area, gynaecological problems, limited visits to 
an antenatal clinic, doing hard physical work during pregnancy, 
giving birth before the age of 18 and a first pregnancy were 
identified as factors positively associated with preterm delivery. In 
contrast, micronutrient supplementation, additional food intake, 
nutritional advice and support during a pregnancy appeared 
to protect against preterm delivery. Efforts to improve existing 
maternal healthcare services in the region are recommended. 
Research at regional or country level, involving a larger sample 
size and mixed study design, is suggested to inform a better 
understanding about preterm birth and the associated risk factors 
in Ethiopia. 
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Table 4. Determinants of premature delivery
Variables Preterm 

deliveries 
(N=96), n (%)

Full-term 
deliveries 
(N=192), n (%)

OR (95% CI) aOR (95% CI)

Residence 
Urban 44 (45.8) 146 (76.0) 3.75 (2.229 - 6.313) 3.11 (1.181- 8.168)*
Rural 52 (54.2) 46 (24.0) 1.00 1.00

Monthly income (USD)
<550 34 (35.4) 5 (2.6) 0.03 (0.013 - 0.093) 
550 - 1 049 21 (21.9) 11 (5.7) 0.12 (0.055 - 0.273) 
>1 050 41 (42.7) 176 (91.7) 1.00

Occupation 
Housewife 78 (81.2) 124 (64.6) 0.04 (0.397 - 0.954)
Civil servant 11 (11.5) 40 (20.8) 0.91 (0.314 - 2.633)
Trader 7 (7.3) 28 (14.6) 1.00

Level of education
No formal education 15 (15.6) 8 (4.2) 0.20 (0.077 - 0.501) 1.18 (0.268 - 5.149)
Primary 45 (46.9) 86 (44.8) 0.72 (0.415 - 1.187) 1.74 (0.617 - 4.920)
Secondary or higher 36 (37.5) 98 (51.0) 1.00 1.00

Gynaecological problems
Yes 12 (12.5) 4 (2.1) 6.72 (2.104 - 21.428) 8.91 (1.580 - 50.252)*
No 84 (87.5) 188 (97.9) 1.00 1.00

Number of antenatal clinic visits 
<4 90 (93.8) 97 (50.5) 14.69 (6.133 - 35.188) 13.29 (3.618 - 48.836)
≥4 6 (6.2) 95 (49.5) 1.00 1.00

Age at first delivery (years)
<18 20 (20.8) 18 (9.4) 1.39 (0.197 - 0.785) 4.56 (1.702 - 12.215)*
≥18 76 (79.2) 174 (90.6) 1.00 1.00

Number of pregnancies 
1 29 (30.2) 89 (46.3) 3.67 (2.034 - 6.615) 4.66 (1.635 - 13.254)*
2 - 4 18 (18.8) 62 (32.3) 4.12 (2.109 - 8.036) 4.88 (1.666 - 14.287)* 
≥5 49 (51.0) 41 (21.4) 1.00 1.00

History of preterm birth 
Yes 16 (16.7) 3 (1.6) 12.60 (3.572 - 44.444) 5.59 (0.968 - 32.254)
No 80 (83.3) 189 (98.4) 1.00 1.00

History of multiple pregnancies 
Yes 8 (8.3) 2 (1.0) 8.64 (1.797 - 41.510) 6.35 (0.857 - 47.056) 
No 88 (91.7) 190 (99.0) 1.00 1.00

History of stillbirth 
Yes 91 (94.8) 191 (99.5) 10.50 (1.208 - 91.136) 3.99 (0.324 - 49.143)
No 5 (5.2) 1 (0.5) 1.00 1.00

Nutritional counselling during pregnancy 
Yes 77 (80.2) 178 (92.7) 0.32 (0.152 - 0.668)  0.24 (0.067 - 0.862)*
No 19 (19.8) 14 (7.3) 1.00 1.00

Additional nutrition during pregnancy 
Yes 48 (50.0) 156 (81.2) 0.23 (0.135 - 0.396) 1.10 (0.391 - 2.602)
No 48 (50.0) 36 (18.8) 1.00 1.00

Folic acid supplementation 
Yes 52 (54.2) 18 (94.3) 0.07 (0.035 - 0.149) 0.26 (0.008 - 0.084)*
No 44 (45.8) 11 (5.7) 1.00 1.00

Activity during pregnancy
Yes 52 (54.2) 148 (77.1) 2.85 (1.686 - 4.806) 3.85 (1.622 - 9.144)*
No 44 (45.8) 44 (22.9) 1.00 1.00

Support during pregnancy 
Yes 78 (81.2) 187 (97.4) 0.12 (0.042 - 0.323) 0.18 (0.042 - 0.802)*
No 18 (18.8) 5 (2.6) 1.00 1.00

OR = odds ratio; aOR = adjusted odds ration; CI = confidence interval.
*Statistically significant at p<0.05.
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