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Abstract
Background

The study aimed to determine the association between antenatal visits and adverse pregnancy outcomes
among Ghanaian women in the North East Region.

Methods

We analysed data on the birth records of 2907 women who delivered at Baptist Medical Centre between
January 2018 to December 2018. Binary logistic regression was used to assess the association between
antenatal visits and four adverse pregnancy outcomes – preterm birth, low birth weight, small-for-
gestational-age, and stillbirth.

Results

Our analysis showed that ANC attendance offered some protection against preterm birth, low birth
weight, small-for-gestational-age, and stillbirth in the study sample, albeit with variations in the protective
effect depending on the number of visits attended. An increase in the number of ANC visits was
associated with a decrease in the occurrence of the adverse pregnancy outcomes, except for low birth
weight where the protective effect was observed only after four ANC visits. Adolescent mothers attended
the least number of ANC visits during the study period. Our analysis suggests that the effect of ANC
attendance on preterm birth and low birth weight differed depending on the age of the mother. Among
mothers who never attended any ANC visits, adolescent mothers and older mothers had higher odds of
low birth weight compared to mothers aged 20-30years. Surprisingly, the odds of preterm birth among the
mothers who never attended any ANC visits was lower in adolescent mothers and older mothers
compared to mothers aged 20-30years. For mothers who attended four or more ANC visits, the odds of
low birth weight were higher in adolescent mothers and lower in older mothers compared to mothers aged
20-30years. However, the odds of preterm birth among the mothers who attended more than four ANC
visits was higher in adolescent mothers and older mothers compared to mothers aged 20-30years.

Conclusion

The �ndings highlight the importance of ANC in preventing adverse pregnancy outcomes and the need
for every pregnant woman to initiate and ensure adequate ANC contacts. The results also highlight the
need to prioritise adolescents and older pregnant women for ANC.

Background
Globally, there has been a commendable progress in maternal-child-health services coverage in the past
decade. However, progress in pregnancy outcomes is stagnating especially in low and middle-income
countries (1–6). In 2017, nearly 810 women died daily from preventable pregnancy and childbirth related
causes with 94% of the deaths occurring in lower-middle-income countries (7). Furthermore, in 2019
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about 2.4 million children died in the �rst month of life and 47% of all under-5 deaths occurred in the
newborn period with about one third dying on the day of birth and close to three quarters dying within the
�rst week of life (8). Evidence suggests that effective interventions exist at an affordable cost for the
prevention or management of almost all pregnancy and childbirth complications (6). For instance, about
70% of the global maternal and neonatal disease burden could be reduced through optimal modi�cation
and uptake of antenatal care services (7). 

The vision of the World Health Organization (WHO) is for every pregnant woman and newborn to receive
quality healthcare throughout pregnancy, childbirth and post-delivery (6). This vision can be
accomplished through appropriate delivery of skilled antenatal care (ANC) and postnatal care (PNC)
services. Antenatal care involves the care delivered by skilled health-care workers to pregnant women to
safeguard the best health conditions for both mother and baby during pregnancy and childbirth. ANC
services aim to improve the wellbeing of the mother and foetus through risk identi�cation, monitoring of
pregnancy, prevention of pregnancy-related ailments, management of concurrent diseases, detection of
complications, responding to women’s complaints, preparing for birth, and promoting healthy behaviours
through health education and health promotion (5–12). Some speci�c components of the ANC services
rendered to pregnant women include administration of Iron–folic acid, nutritional education, vaccination,
screening for malaria, pre-eclampsia, bacteriuria and syphilis infections and treatment of same. These
interventions are reported to be cost-effective globally (13)(14). The bene�ts of antenatal care (ANC) to
babies include increased intrauterine growth, reduced risk of infection and increased survival (3,5). 

A minimum of eight antenatal care contacts is recommended by the WHO to reduce perinatal morbidity
and mortality and improve women’s experience of care through regular contact with health-care
practitioners during pregnancy. This also allows women to receive services vital to their health and that of
their unborn children. Reports indicate that women receiving at least 4 or more antenatal care visits differ
signi�cantly amongst countries, ranging from 21% in sub-Saharan Africa to over 90% in developed
countries (15). Nonetheless, most pregnant women access skilled antenatal care at least once, only 60%
receive four or more antenatal care visits (7,8,15,16). The services provided at ANC and the bene�ts it
offers depend on the number of ANC visits. For instance, a study found a 76% higher risk of low birth
weight associated with premature delivery for women who received fewer ANC clinical services compared
with women who received more ANC clinical services (17) 

This study investigates the in�uence of ANC on Preterm birth, small-for-gestational-age, low birth weight
and stillbirth. Infants with these adverse pregnancy outcomes are reported to have increased risk of
perinatal morbidity and mortality than normal foetuses and infants. For instance, complications of
preterm birth are the leading cause of newborn deaths worldwide, and now the second leading cause of
death in children under 5, after pneumonia, with more than 1 million deaths each year(18–20). An
estimated 20.5 million infants, representing 14.6% of all births worldwide, were born with low birth weight
in 2015 with 91% of them from low- and middle-income countries(21). Annually, approximately 2.6
million stillbirths occur worldwide with about 98% of the deaths occurring in low-and middle-income
countries and around three-quarters in sub-Saharan Africa and South Asia(22).
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Factors such as maternal age < 20 years, pregnancy interval < 24 months, increased parity, multiple
gestations, BMI < 18.5 kg/m2, poor iron & vitamin supplementation during pregnancy, low maternal
haemoglobin level, maternal infections (syphilis, positive HIV status, and malaria), gestational age < 37 
weeks,  and the number of antenatal care visits made during pregnancy have been identi�ed as risk
factors for low birth weight, premature birth, and stillbirth in low-income settings(23–28)(29)(30).
Although some studies have been conducted on the predictors of adverse pregnancy outcomes such as
preterm birth, small-for-gestational-age, low birth weight and stillbirth in several sub-Saharan countries
including some parts of Ghana, no study has reported the effect of ANC attendance on these adverse
pregnancy outcomes in the North East region of Ghana. This study, therefore, aimed to determine the
prevalence of adverse pregnancy outcomes and the association between ANC visits and preterm birth,
small-for-gestational-age, stillbirth, and low birth weight among women in the North East Region of
Ghana.

Methods
Data for the study were extracted from the birth records of mothers delivered at the Baptist Medical
Centre between January 2018 to December 2018. All deliveries in the maternity unit of the hospital,
including the antenatal activities of women, are captured in a birth register by Registered Nurses and
Midwives. Upon approval from the hospital management, two registered nurses were recruited and
trained to extract and record information on maternal and infant characteristics from the birth register for
2018. A data extraction sheet was designed for the data extraction using Microsoft Excel spreadsheet
and pretested on the birth records of May 2019. For the period January 2018 to December 2018, we
extracted information on 3011 women delivered at the facility, from the register. However, data on 2907
deliveries were analysed after excluding data on abortions and entries with missing information on
antenatal care attendance.

Adverse pregnancy outcomes 

Preterm birth, small-for-gestational-age, low birth weight, and stillbirth are the adverse pregnancy
outcomes of interest in this study. Based on the recommendation of the World Health
Organisation(20,31), we classi�ed live births before 37 completed weeks of gestation as preterm birth
and birth weights less than 2.5kg as low birth weight regardless of gestational age. The global reference
for foetal-weight and birth weight percentiles(32) was used to determine small-for-gestational-age based
on the birth weight and standard deviation at 40 weeks completed gestation for our study cohort.  A baby
born with no signs of life at or after 28 weeks' gestation was captured in the birth register as stillbirth and
this was extracted for the analysis. 

Primary exposure 

The number of antenatal care visits attended during pregnancy is the primary exposure of interest in this
analysis. This was obtained from the antenatal records of all woman who reported to the labour and
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maternity unit of the hospital for delivery as part of the routine healthcare services offered to expectant
mothers.

Potential confounders 

The potential confounders considered in this analysis were mothers age at birth, occupation, number of
pregnancies ever experienced, gestational age (in weeks), type of delivery, and sex of infants. To avoid
data sparsity due to small numbers in some ages, mothers age was categories into <20, 20-30, and >30
years. Occupation was grouped into two categories, housewife and “other”. The “other” category
consisted of occupations such as farmer, trader, teacher, seamstress, a hairdresser that had very small
numbers. Type of delivery was categorised into vaginal delivery and caesarean section. 

Data analysis 

Stata version 16 (Stata Corp, College Station, TX, USA) was used to conduct the analysis. The data were
checked for errors, inconsistencies, and explored for the extent of missing data. An indicator variable was
created for missing values and cross-tabulated with the outcome variables and other important
covariates to assess for a pattern. We did not �nd any consistent pattern, and those for which data were
missing were not different from those who had complete data. Background characteristics of mothers
were summarised by the number of antenatal care visits they attended during pregnancy using the chi-
squared test. The prevalence of each adverse pregnancy outcome was estimated, and the outcomes
summarised by the number of antenatal care visits. We assessed for trend across three categories (0, 1-4,
and >4) of antenatal visits using the nonparametric test for a trend by Cuzick(33) (which is an extension
of the  Wilcoxon rank-sum test) with the “nptrend” command in Stata. 

The association between antenatal care attendance and the adverse pregnancy outcomes was assessed
using binary logistic regression. The crude odds ratios, 95% con�dence intervals and likelihood ratio p
values for the effect of antenatal care on each of the outcomes was initially determined. In the
multivariable analysis, the potential confounders were introduced one at a time into the model starting
with confounders with the strongest confounding effect. These factors were retained in the �nal
multivariable model if they caused an important change in the odds ratio for the association between
antenatal visits and each of the outcomes. Adjusted odds ratios, 95% con�dence intervals, and likelihood
ratio p-values were used to summarise the adjusted effect of antenatal visits on each of the outcomes.
To assess whether the effect of antenatal visits on preterm birth and low birth weight was modi�ed by
mothers age, we modelled an interaction between antenatal visits and mothers age using the likelihood
ratio test.

Results
Characteristics of the Study Sample
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Overall, 2907 women were included in the study. Most of them were aged 20-30 years (59.2%), delivered
through the vagina (79.8%) and were housewives (70.8%) (Table 1). For 30.6% of the women, the current
pregnancy was their �rst and more than half (55.2%) of them delivered after 40 weeks of gestation. A
little over half of all the children delivered were males (51.4%). 

Overall, a higher proportion of those who attended 1-4 ANC visits (57.2%) and those who attended more
than four ANC visits (62.7%) were aged 20-30 years (Table 1). Adolescent mothers attended the least
number of 1-4 (21.3%) and more than 4 (12.2%) antenatal visits during the period. However, of the 149
mothers who never attended any ANC visits during pregnancy, only 20.1% of them were adolescents. A
higher proportion of those who attended more than 4 ANC visits were housewives (66.8%) and 55.5% of
them delivered after 40 weeks gestation and 76.6% had a vaginal delivery. 

Table 1 Characteristics of the Study Sample

Characteristics  Antenatal visits All women in the
sample (n=2907)

Chi-squared
P-value None

(n=149)
1-4

(n=1547)
>4

(n=1211)
Mothers age (in
years)      
<20 30(20.1) 329(21.3) 148(12.2) 507(17.5) <0.001
20-30 76(51.0) 883(57.2) 759(62.7) 1719(59.2)  
>30 43(28.9) 332(21.5) 303(25.1) 678(23.3)  
Occupation       
Other 46(30.9) 394(25.7) 405(33.6) 845(29.2) <0.001
House wife 103(69.1) 1141(74.3) 800(66.4) 2045(70.8)  
Number of
pregnancies      
1 45(30.2) 507(32.8) 337(27.8) 889(30.6) 0.003
2 23(15.4) 255(16.5) 257(21.2) 536(18.4)  
3 19(12.8) 234(15.1) 202(16.7) 455(15.7)  
4 21(12.1) 187(12.1) 170(14.0) 378(13.0)  
5 13(8.7) 159(10.3) 111(9.2) 283(9.7)  
6+ 28(18.8) 204(13.2) 134(11.1) 366(12.6)  
Gestational age
in weeks      
<31 weeks 6(4.1) 28(1.9) 6(0.5) 40(1.4) <0.001
31-36 weeks 25(16.9) 176(11.7) 110(9.4) 311(11.0)  
37-40 weeks 26(17.5) 484(32.1) 407(34.6) 917(32.4)  
>40 weeks 91(61.5) 818(54.3) 652(55.5) 1562(55.2)  
Sex of child      
Female 67(45.9) 742(48.2) 598(49.5) 1408(48.6) 0.633
Male 79(54.1) 799(51.8) 611(50.5) 1489(51.4)  
Type of delivery      
Vaginal Delivery 100(69.9) 1252(83.2) 906(76.6) 2259(79.8) <0.001
Caesarean
section 43(30.1) 253(16.8) 277(23.4) 573(20.2)  

Prevalence of adverse pregnancy outcomes 
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Of the four adverse pregnancy outcomes assessed in this study, preterm birth had the highest prevalence
of 12.4% (Table 2). Low birth weight was prevalent in 9.3% of the children born during the period. Of the
2907 mothers, 4.8% delivered babies that were small for their gestational age and 2% had a stillbirth. 

We found evidence for an inverse trend in the chi-squared association between ANC visits and the
prevalence of adverse pregnancy outcomes (Table 2). An increase in the number of ANC visits was
associated with a decrease in the number of adverse pregnancy outcomes. For instance, about 21% of
mothers who never attended any ANC visits, 13.6% of those who attended 1-4 visits and 10% of those
who attended more than four visits had a preterm birth, respectively (Ptrend<0.001, Table 2). Likewise,
small-for-gestational-age was prevalent in 6.8% of mothers who never attended any ANC visits, 5.6% in
those who made 1-4 visits, and 3.4% in those who made more than four visits. As shown in Table 2,
similar trends were observed for low birth weight (Ptrend<0.001) and stillbirth (Ptrend<0.003). 

Figure 1 presents the four adverse pregnancy outcomes by mothers’ age. It shows that adolescent
mothers had the highest prevalence of preterm birth (12.9%), low birth weight (12.1), and small-for-
gestational-age (6.4%). For stillbirth, the highest proportion was observed among mothers aged 20-
30years (2.2%).   

Table 2 Prevalence of adverse pregnancy outcomes

Adverse birth
outcomes

Antenatal visits All women in the
sample (n=2907)

Chi-squared P-
value for trendNone

(n=149)
1-4

(n=1547)
>4

(n=1211)
Preterm birth      
No 117(79.1) 1302(86.6) 1059(90.1) 2479(87.6) <0.001
Yes 31(20.9) 204(13.6) 116(9.9) 351(12.4)  
Low birth
weight      
No 128(87.7) 1360(88.3) 1137(94.0) 2626(90.7) <0.001
Yes 18(12.3) 180(11.7) 72(6.0) 270(9.3)  
Small-for-
gestational-age      
No 138(93.2) 1421(94.4) 1135(96.6) 2694(95.2) 0.004
Yes 10(6.8) 85(5.6) 40(3.4) 135(4.8)  
Stillbirth      
No 138(92.6) 1520(98.3) 1192(98.4) 2851(98.0) 0.003
Yes 11(7.4) 27(1.8) 19(1.6) 57(2.0)  

Association of number of antenatal care visits and adverse pregnancy outcomes 

There was evidence for an association between ANC visits and preterm birth in the unadjusted analysis
(p<0.001). After adjusting for mothers age, the number of pregnancies, type of delivery, sex of a child, and
mothers’ occupation the strength of the evidence reduced (p=0.041). Overall, mothers who attended any
number of ANC visits had lower odds of preterm birth compared to those who did not attend any ANC
visit (Table 3). However, the protective effect of ANC visits on preterm birth varied with the number of
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visits attended. For instance, compared to mothers who did not attend any ANC visit, those who attended
only 1 visit were 10% less likely to have preterm birth (OR 0.90, 95%CI 0.48-1.68), those who attend 2 ANC
visits were 13% less likely to have preterm birth (OR 0.87, 95%CI 0.52-1.44), while those who attended 5
and 6 ANC visits were 55% (OR 0.45, 95%CI 0.27-0.75) and 62% (OR 0.38, 95%CI 0.22-0.65) less likely to
have preterm birth in the adjusted analysis, respectively. 

To determine whether the association between ANC visits and preterm birth differed by mothers age, we
assessed for interaction between ANC visits and mothers age (Table 5). There was good evidence that
the data were consistent with an interaction between ANC visits and mothers age(p=0.035). Among
mothers who did not attend any ANC visits, the odds of preterm birth were 53% and 45% less likely in
adolescent mothers (OR 0.47, 95%CI 0.14-1.56) and older mothers (OR 0.55, 95%CI 0.20-1.56) compared
to those aged 20-30years, respectively.   Among mothers who attended more than four ANC visits, the
odds of preterm birth were nearly 2 times and 1.2 times more likely in adolescent mothers (OR 1.78,
95%CI 1.03-3.05) and older mothers (OR 1.16, 95%CI 0.71-1.92) compared to those aged 20-30years. 

In both the unadjusted (p<0.001) and adjusted (p<0.001) analysis, ANC visits were associated with low
birth weight. After adjusting for mothers age, gestational age, the number of pregnancies, type of delivery,
sex of a child, and mothers’ occupation there was an increase in all the odds ratios, except for the odds
ratio for seven or more visits (Table 4). Gestational age, number of pregnancies, and mother’s occupation
caused a substantial change in the odds ratios when they were introduced into the model; however,
mothers age did not produce a considerable change. Furthermore, in the adjusted analysis, there was
evidence for a linear trend in the effect of ANC visits on low birth weight (Ptrend<0.001). An increase in the
number of ANC visits was associated with decreased odds of low birth weight. For example, those who
attended only 1 ANC visit had double the odds of low birth weight (OR 1.82, 95%CI 0.87-3.78), 2 and 3
visits were associated with 1.4 (95%CI 0.72-2.61) and 1.1 (95%CI 0.56-1.97) times higher odds of low
birth weight, whiles 4 and 5 visits were associated with 22% (OR 0.78, 95%CI 0.42-1.46) and 43% (OR
0.57, 95%CI 0.29-1.10) decreased odds of low birth weight compared to mothers who never attended any
ANC visits. 

Further analysis revealed that there was strong evidence for an interaction between ANC visits and
mothers age (p<0.001), indicating that the effect of ANC visits on low birth weight differed depending on
the age of the mother (Table 5). Among mothers who never attended any ANC visits, the odds of low birth
weight were 1.3 times and 4.5 times more likely in adolescent mothers (OR 1.34, 95%CI 0.29-6.23) and
mothers older than 30 years (OR 4.49, 95%CI 1.31-15.34) compared to those aged 20-30years,
respectively. However, among mothers who attended more than four ANC visits, the odds of low birth
weight were 1.2 times more likely in adolescent mothers (OR 1.20, 95%CI 0.61-2.34) and 43% less likely in
mothers older than 30years (OR 0.57, 95%CI 0.26-1.27) compared to those aged 20-30years. 

There was good evidence for an association between ANC visits and small-for-gestational-age in the
unadjusted (P=0.016) and adjusted analysis (P=0.021). When we adjusted for mothers age, the number
of pregnancies, type of delivery, sex of a child, and mothers’ occupation, the odds of small-for-gestational-



Page 9/17

age was 1.6 times more likely and 2% less likely in mothers who attended only one ANC visit (95%CI 0.66-
3.97) and those who attended two ANC visits (OR 0.98, 95%CI 0.43-2.23) compared to those who did not
attend any ANC visits, respectively (Table 4). While mothers who attended six ANC visits (OR 0.48, 95%CI
0.20-1.17) and those who attended seven or more visits (OR 0.46, 95%CI 0.18-1.15) were 52% and 54%
less likely to have delivered small-for-gestational-age babies compared to those who did not attend any
ANC visit in the adjusted analysis, respectively (Table 4). 

We found evidence for an association between ANC visits and stillbirth in the unadjusted (P<0.001) and
adjusted analysis (P<0.001). Overall, the adjusted analysis showed that mothers who attended any
number of ANC visits were less likely to experience stillbirth compared to those who did not attend any
ANC visit (Table 4). For instance, mothers who attended only 1 ANC visit (OR 0.62, 95%CI 0.19-2.07) and
those who attended seven or more visits (OR 0.25, 95%CI 0.07-0.86) were 38% and 75% less likely to have
experienced stillbirth compared to those who never attended any ANC visits, respectively. 

Table 3 Unadjusted odds ratios and 95% confidence intervals of the association between
antenatal care attendance and adverse pregnancy outcomes 

Antenatal visits  Preterm
birth

Low birth
weight

Small-for-gestational
age Stillbirth

Number of antenatal
visits  P<0.001 P<0.001 P=0.016 p<0.001
0 1 1 1 1

1
0.81(0.44-

1.50)
1.78(0.91-

3.46) 1.69(0.71-4.01)
0.55(0.18-

1.62)

2
0.83(0.51-

1.35)
1.27(0.71-

2.27) 1.00(0.46-2.17)
0.44(0.19-

1.04)

3
0.47(0.29-

0.77)
0.92(0.52-

1.62) 0.80(0.37-1.70)
0.14(0.05-

0.40)

4
0.53(0.33-

0.84)
0.66(0.38-

1.17) 0.61(0.29-1.29)
0.12(0.04-

0.33)

5
0.45(0.27-

0.73)
0.53(0.29-

0.96) 0.48(0.22-1.08)
0.30(0.13-

0.69)

6
0.35(0.20-

0.59)
0.35(0.18-

0.70) 0.46(0.20-1.10)
0.10(0.03-

0.36)

7+
0.45(0.26-

0.76)
0.44(0.22-

0.88) 0.52(0.22-1.25)
0.17(0.05-

0.53)

 

Table 4 Adjusted odds ratios and 95% confidence intervals of the association between
antenatal care attendance and adverse pregnancy outcomes 
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Antenatal visits  Preterm
birtha

Low birth
weightb

Small-for-gestational
agec

Stillbirthd

Number of antenatal
visits  P=0.041 P<0.001 P=0.021 P<0.001
0 1 1 1 1

1
0.90(0.48-

1.68)
1.82(0.87-

3.78) 1.62(0.66-3.97)
0.62(0.19-

2.07)

2
0.87(0.52-

1.44)
1.37(0.72-

2.61) 0.98(0.43-2.23)
0.44(0.16-

1.22)

3
0.50(0.30-

0.83)
1.05(0.56-

1.97) 0.81(0.37-1.80)
0.18(0.06-

057)

4
0.56(0.35-

0.91)
0.78(0.42-

1.46) 0.65(0.29-1.42)
0.18(0.06-

0.53)

5
0.45(0.27-

0.75)
0.57(0.29-

1.10) 0.45(0.19-1.06)
0.41(0.16-

1.04)

6
0.38(0.22-

0.65)
0.46(0.22-

0.95) 0.48(0.20-1.17)
0.16(0.04-

0.61)

7+
0.47(0.27-

0.81)
0.44(0.21-

0.93) 0.46(0.18-1.15)
0.25(0.07-

0.86)

a  adjusted for mothers age, number of pregnancies, type of delivery, sex of child, and
mothers occupation
b adjusted for mothers age, gestational age, the number of pregnancies, type of delivery,
sex of a child, and mothers’ occupation.
c adjusted for mothers age, the number of pregnancies, type of delivery, sex of a child, and
mothers occupation.
d adjusted for mothers age, gestational age, the number of pregnancies, type of delivery,
sex of a child, and mothers’ occupation.

Table 5 Adjusted odds ratios and 95% confidence intervals of the interaction between
antenatal care attendance mothers age on adverse pregnancy outcomes 

atal visits Preterm birtha Low birth weightb

<20years
20-

30years >30years <20years
20-

30years >30years
er of
atal visits  P=0.035 P<0.001

0.47(0.14-
1.56) 1

0.55(0.20-
1.56)

1.34(0.29-
6.23) 1

4.49(1.31-
15.34)

tenatal visits 0.75(0.49-
1.14) 1

1.16(0.76-
1.76)

1.06(0.70-
1.62) 1

1.20(0.72-
1.99)

tenatal visits 
1.78(1.03-

3.05) 1
1.16(0.71-

1.92)
1.20(0.61-

2.34) 1
0.57(0.26-

1.27)

a adjusted for mothers age, number of pregnancies, type of delivery, sex of child, and mothers
occupation
b adjusted for mothers age, gestational age, the number of pregnancies, type of delivery, sex of
a child, and mothers’ occupation.
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Discussion
We found that there was an association between ANC attendance and adverse pregnancy outcomes. Our
analysis showed that ANC attendance offered some protection against preterm birth, low birth weight,
small-for-gestational-age, and stillbirth in the study sample, albeit with variations in the protective effect
depending on the number of visits attended. An increased in the number of ANC visits was associated
with a decrease in the occurrence of the adverse pregnancy outcomes, except for low birth weight where
the protective effect was observed only after four ANC visits. Our �ndings are in accord with previously
reported associations in Ghana and other low- and middle-income settings(3,34–38). These �ndings
highlight the importance of ANC during pregnancy and the need for every pregnant woman to initiate and
ensure adequate ANC contacts. A detailed, comprehensive guideline on routine ANC for pregnant women
by the WHO is presented elsewhere (39). 

There are several possible pathways to explain the observed protective effect of ANC attendance on the
adverse pregnancy outcomes assessed in this study. First, antenatal care provides an opportunity for the
early detection and appropriate management of pregnancy-related complications such as anaemia,
malaria, gestational diabetes, infections, hypertension which are known to cause preterm birth, stillbirth,
low birth weight, and small-for-gestational-age(40–42). Through antenatal assessment, women with
these risk factors are identi�ed and advised on the signs of complications, birth preparedness, and
offered distinct attention to prevent adverse outcomes. For instance, as part of the services rendered
during antenatal care pregnant women are vaccinated against tetanus, screened, and treated for
infections such syphilis, gonorrhoea; and receive folic acid, vitamin B12, and iron to prevent anaemia.
Also, midwives and nurses provide education on appropriate nutrition during pregnancy and distribute
treated bed nets during ANC visits to prevent malaria. Further, pregnant women are examined for high
blood pressure and proteinuria as part of the care rendered during antenatal visits and this ensures early
diagnosis and management of hypertension in pregnancy. 

Adolescent mothers attended the least number of ANC visits during the study period. Our analysis
suggests that the effect of ANC attendance on preterm birth and low birth weight differed depending on
the age of the mother, which is consistent with a previous study in Brazil(43). Among mothers who never
attended any ANC visits, adolescent mothers and older mothers had higher odds of low birth weight
compared to mothers aged 20-30years. In line with our results, a comparative study in Ethiopia found that
advanced maternal age was associated with 3-fold increased risk of preterm birth(44). Surprisingly, the
odds of preterm birth among the mothers who never attended any ANC visits was lower in adolescent
mothers and older mothers compared to mothers aged 20-30years. This �nding is inconsistent with a
comparative study in Ethiopia which reported a 4-fold increased risk of preterm birth among older
women(44). The Ethiopian study had a relatively smaller sample and unlike our study, it was conducted
in a tertiary level facility and the characteristics of the participant may differ from those included in this
study, which may explain the inconsistency in the �ndings.  Nonetheless, it will be useful for future
studies to explore this interaction further with a larger and more representative sample. 
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For mothers who attended four or more ANC visits, the odds of low birth weight were higher in adolescent
mothers and lower in older mothers compared to mothers aged 20-30years. However, the odds of preterm
birth among the mothers who attended more than four ANC visits was higher in adolescent mothers and
older mothers compared to mothers aged 20-30years. These �ndings support a recent study in Brazil that
reported the highest rate of adverse pregnancy outcome among adolescents with inadequate prenatal
care(43). The results highlight the need to prioritise adolescents and older pregnant women for antenatal
care.

The major strength of this study is the large sample analysed, and as a result, our estimates may have a
higher degree of precision than earlier studies that examined similar associations in Ghana. It also
strengthens the generalizability of our �ndings. Also, our �ndings showed a dose-response effect
between the number of ANC visits and adverse pregnancy outcomes, which earlier studies in Ghana did
not assess. Though we conducted the study at a single centre, it captured many residents on a broader
boundary since the study setting is a major referral centre serving several communities across northern
Ghana. Despite the strengths, there are some limitations that should be considered when interpreting the
�ndings of this study. A variety of maternal sociodemographic and obstetric characteristics such as
education, income, rural-urban residence was not controlled in these analyses because the secondary
data source lacked information on many potential confounders. As a result, there is a possibility that
residual confounding may have distorted the accuracy of the estimates. Also, the analysis used cross-
sectional data and a causal relationship cannot be drawn from the observed associations. A nationally
representative prospective study could provide further evidence of the observed associations.
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Figure 1

Prevalence of adverse pregnancy outcomes by mothers’ age


