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Abstract
Background: The aim of this study was to investigate the factors associated with the timing of the first prenatal
ultrasound in Canada.
Methods: This was a secondary data analysis of the Maternity Experiences Survey, a cross-sectional survey covering
different aspects of pregnancy, labour, birth and the post-partum period. Bivariate and multivariate multinomial
logistic regressions were performed to assess the relationship between timing of first prenatal ultrasound and
different independent variables.
Results: 68.4% of Canadian women received an optimally timed first prenatal ultrasound, 27.4% received early
ultrasounds and 4.3% received late ultrasound. The highest prevalence of early ultrasound was in Ontario (33.3%)
and the lowest was in Manitoba (13.3%). The highest prevalence of late ultrasound was found in Manitoba (12.1%)
and the lowest was in British Columbia and Ontario (3.5% each). The highest prevalence of optimal timing of first
prenatal ultrasound was in Quebec (77%) and the lowest was in Ontario (63.2%). Factors influencing the timing of
ultrasound included: Early – maternal age < 20 (adjusted OR = 0.54, 95%CI:0.34–0.84), alcohol use during pregnancy
(adjusted OR = 0.69, 95%CI:0.53–0.90), history of premature birth (adjusted OR = 1.41, 95%CI:1.06–1.89), multiparity
(adjusted OR = 0.67, 95%CI:0.57–0.78), born outside of Canada (adjusted OR = 0.82, 95%CI:0.67–0.99), prenatal care in
Newfoundland and Labrador (adjusted OR = 1.66, 95%CI:1.20–1.30), Nova Scotia (adjusted OR = 1.68, 95%CI:1.25–2.
28), Ontario (adjusted OR = 2.16, 95%CI:1.76–2.65), Saskatchewan (adjusted OR = 1.50, 95%CI:1.05–2.14), Alberta
(adjusted OR = 1.37, 95%CI:1.05–1.77) British Columbia (adjusted OR = 1.90, 95%CI:1.45–2.50) and Manitoba (adjusted
OR = 0.66, 95%CI:0.45–0.98) Late – unintended pregnancy (adjusted OR = 1.89, 95%CI:1.38–2.59), born outside of
Canada (adjusted OR = 1.75, 95%CI:1.14–2.68), prenatal care in Manitoba (adjusted OR = 2.88, 95%CI:1.64–5.05) and
the Territories (adjusted OR = 4.50, 95%CI:2.27–8.93). An interaction between history of miscarriage and having
‘other’ prenatal care provider significantly affected timing of ultrasound (adjusted OR = 0.31, 95%CI:0.14–0.66).
Conclusion: Only 68% of Canadian women received an optimally timed prenatal ultrasound which was influenced
by several factors including province of prenatal care, maternal age and country of birth, and an interaction effect
between prenatal care provider and history of miscarriage. These findings establish a baseline of factors influencing
the timing of prenatal ultrasound in Canada, which can be built upon by future studies.
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Background
Ultrasound has been used in obstetrics since the 1950s
and has become an essential part of current prenatal care
[1]. The use of ultrasound in pregnancy can provide valuable information that can predict fetal outcomes and aid
in the detection of cardiac [2], gastrointestinal [3], renal
[4], and neural abnormalities [5] as well as chromosomal
anomalies including Down’s Syndrome [1]. Routine ultrasound in pregnancy is also useful for determination of
multiple pregnancies and gestational age, and may be associated with a lower likelihood of inductions after 42
weeks [6]. Current recommendations by the Society of
Obstetricians and Gynecologists of Canada (SOGC) state
that all pregnant women should be offered an ultrasound
scan between 18 and 22 weeks to screen for fetal anomalies and to provide information about the placenta, gestational age and number of fetuses [7]. In addition, the
SOGC recommends that all pregnant patients be offered
an ultrasound scan between 11 and 14 weeks of pregnancy
to confirm gestational age and viability as well as investigate the number of fetuses, early anatomical assessment
and nuchal translucency [8].
Ultrasound can be used to detect a pregnancy as early
as 5 weeks [9]. In early pregnancy, ultrasound is indicated for conditions such as: therapeutic abortions,
threatened miscarriages and their complications, uncertain menstrual dates, twin pregnancies, abnormal pregnancies (e.g. ectopic, molar etc.) and pelvic masses [10].
However, since the early stages of pregnancy are so sensitive to any external changes [11], early prenatal ultrasound should be used with caution. In fact, using
transvaginal ultrasound in early pregnancy has been associated with increased cell death rates in the developing
human fetus [12]. Similarly, the use of Doppler ultrasound in early pregnancy has been associated with cell
death in the liver of the rat fetus [13]. In addition, having
an ultrasound too early might lead to misinterpretation
and, consequently, unnecessary interventions that can
harm an otherwise normal pregnancy [14].
Similarly, having the first prenatal ultrasound later in
pregnancy can have a different set of consequences.
First, the estimation of the gestational age of the fetus
becomes increasingly less reliable as the pregnancy progresses [15, 16], reaching a margin of error of more than
20 days in the third trimester [15]. This can have consequences when dealing with many situations including
preterm labour and intrauterine growth restriction [15].
Moreover, generally speaking, presenting to obstetric
care later in pregnancy can lead to adverse outcomes
such as low birth weight, infant and neonatal mortality
[17] and congenital malformations [18]. Finally, late access to prenatal care can result in missed opportunities
of timely screening using diagnostic tests such as prenatal ultrasound [19].
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Women who attend prenatal care later in pregnancy
(after the first trimester) might miss the window of an
optimally timed ultrasound. Differences in those who attend prenatal care late from those who attend early have
been reported previously. It has been shown that late attenders (first prenatal visit after the first trimester) tend
to be teenagers, unmarried, have had multiple pregnancies [20, 21], non-European, have lower education and
lower socio-economic status [21]. In Canada, inadequate
prenatal care (prenatal care initiated after the 4th month
of pregnancy, and having fewer prenatal care visits) was
associated with being an immigrant, primiparity, smoking and alcohol use during pregnancy, and having a family doctor as the prenatal care provider [22]. In
Manitoba, inadequate prenatal care (prenatal care between month 1 and 6 and having fewer than 8 prenatal
care visits) was associated with young maternal age, being a single parent, having had 4 or more births and
lower income [23].
Canada is the second largest country in the world by
total area [24], however, it is sparsely populated with a
total population of 37,314,442 [25]. Canada consists of
10 provinces and three territories. Approximately 86% of
the population resides in four provinces, namely Quebec
and Ontario in the east and Alberta and British
Columbia in the west [25]. Average income is fairly
equal across the provinces [26].The territories tend to be
underserviced [27] with a lower socioeconomic status
[28]. Canada has a publicly funded health care system.
This means that obstetric care, including prenatal ultrasounds is publicly funded [29]. No studies have been
found that addressed the factors associated with the timing of the first prenatal ultrasound in Canada or elsewhere. This is an important area to investigate because
it can be used to better focus educational efforts and
interventional efforts aimed at the optimization of prenatal ultrasound utilization in Canada. Moreover, findings from such an investigation may be used to help
address issues such as over- and underutilization of prenatal ultrasound. The aim of this study is to investigate
the factors associated with the timing of the first prenatal ultrasound in Canada using a national database,
the Maternity Experiences Survey (MES).

Methods
This study was a secondary data analysis of the Maternity Experiences Survey (MES), a cross-sectional survey
conducted following the 2006 Canadian Census of Population. The MES was the first national survey in Canada
devoted to women’s experiences of pregnancy, labour,
birth and the postpartum period. The objective of this
survey was to collect data from new mothers on perinatal health indicators such as: maternal health, prenatal
care, labour and delivery, newborn health, breastfeeding,
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postpartum care, sources of information during pregnancy as well as overall experience. The MES was an initiative of the Canadian Perinatal Surveillance System of
the Public Health Agency of Canada [30].
The target population for this survey was women who
had given birth to a single baby in Canada between February 15 and May 15 of 2006 in Canada’s 10 provinces,
or between November 1, 2005 and February 1, 2006 in
Canada’s 3 territories. Participants were at least 15 years
of age at the time of giving birth and had to have their
baby spend at least one night per month with them. Exclusion criteria included women who lived in collective
dwellings or on First Nations reserves. The final sample
included 6421 women who had completed the survey
and had given Statistics Canada consent to share their
responses with the sponsor (Public Health Agency of
Canada – Canadian Perinatal Surveillance System). Participation in the survey was voluntary with a response
rate of 78%. In the provinces, data collection was conducted using a Computer Assisted Telephone Interview
(CATI). In the territories, paper versions of the questionnaire were filled out during a personal interview if
performing a CATI was not possible. The MES protocol
has been reviewed by the Health Canada’s Science Advisory Board and Research Ethics Board and the Federal
Privacy Commissioner, and approved by the Statistics
Canada’s Policy Committee. Since this project was based
on secondary data analysis of the MES, institutional ethics approval was not required. Detailed methodology of
the MES has been described previously [30].
For this study, respondents who received prenatal care
outside of Canada accounted for about 0.01% of the
sample and were excluded. The outcome variable was
‘timing of first ultrasound’ and had three levels: early
(defined as receiving the first prenatal ultrasound before
11 weeks of pregnancy), optimal (defined as receiving
the first prenatal ultrasound between 11 and 22 weeks of
pregnancy) and late (defined as receiving the first prenatal ultrasound after 22 weeks of pregnancy). These categories were chosen based on the SOGC
recommendations that were in place at the time of the
survey. In 2007, the SOGC recommendations for fetal
aneuploidy stated that all pregnant women be offered
prenatal screening test for fetal aneuploidy, some of
which included a prenatal ultrasound between 11 and
14 weeks [31]. Similarly, this ultrasound was also recommended by the SOGC in 2003 to be offered as part of a
comprehensive prenatal screening program [10]. The
SOGC also recommended in 1999 that all pregnant patients be offered an ultrasound around 18–19 weeks to
screen for structural anomalies [32]. However, in 2009
the SOGC recommended this ultrasound at 18–22 weeks
[33]. In the present study the cut-off for the ‘late’ category was 22 weeks, which is in keeping with the
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recommendations that are closest to the time when the
data were collected as well as current recommendations.
Information about this variable was collected from responses to the question “How many weeks pregnant
were you when you had your first ultrasound?”. The covariates assessed were grouped into several categories,
the first of which is maternal factors which included:
using fertility medications or procedures to get pregnant
with the index pregnancy, health problems before pregnancy that warrant additional care during the index
pregnancy, health problems during the index pregnancy
that warrant additional care during pregnancy,
pre-pregnancy Body Mass Index (BMI) and whether the
pregnancy was intended. The latter was obtained from
the question “thinking back to just before you became
pregnant, would you say that you wanted to be pregnant...?” with the following responses: sooner, then, later
and not at all. The first 2 were combined into ‘intended’
and the second 2 were combined into ‘unintended’. The
second category of covariates was behavioural risk factors and included: smoking during the last 3 months of
pregnancy and alcohol use during pregnancy. The third
category of covariates was reproductive history and included: parity (primiparous or multiparous), history of
premature birth, history of ectopic and stillbirth (combined due to low counts), history of miscarriage and history of therapeutic abortion. The fourth category of
covariates was prenatal and birth related factors and included: type of prenatal care provider, mode of delivery
and birthweight. The final category of covariates was
socio-demographic factors and included: maternal age,
country of birth/Aboriginal status (included 3 categories:
Canadian born, born outside of Canada, and Aboriginal
– First Nations, Metis or Inuit), marital status (dichotomized to: with partner or with no partner), province of
prenatal care, urban/rural residence, travel to another
city for birth, education, employment during pregnancy
and household income. The reference category for province of prenatal care was chosen to be Quebec due to its
appropriate sample size and ease of interpretation of the
results relative to the other provinces.
Statistical analyses

Multinomial logistic regression is an extension of simple
logistic regression [34]. Unlike simple logistic regression,
multinomial logistic regression allows for the analysis of
outcomes that have more than two categories [34]. For
this study, Chi square tests and bivariable multinomial
logistic regression models were performed to assess the
relationship of the covariates with the outcome variable
at the bivariate level. Multivariable multinomial logistic
regression was performed to assess the relationship between the independent variables and the outcome variable (reference category: ‘optimal’) while controlling for
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all of the covariates. This analysis produced adjusted
Odds Ratios (OR) and 95% Confidence Intervals
(95%CI). The significance level was set at alpha of 0.05.
In addition, several potential interactions were investigated including: a) prenatal care provider x province of
prenatal care b) prenatal care provider x urban/rural c)
prenatal care provider x history of miscarriage d) prenatal care provider x history of stillbirth or ectopic e)
prenatal care provider x having a condition before pregnancy requiring additional care and f ) prenatal care provider x having a condition during pregnancy requiring
additional care. A probability survey weight and 1000
bootstrap weights were provided by Statistics Canada
and applied in order to obtain results that were nationally representative. The bootstrap weights take account
of the complex design of the survey and provide more
accurate estimates of variance [35]. All statistical tests
were performed using Stata Statistical Software version
14 (StataCorp, College Station, TX).

Results
The total weighted sample size used was around 76,000.
The percentage of Canadian women receiving an optimally timed first prenatal ultrasound was 68.4%, while
27.4% of women received early ultrasounds and 4.3% received late ultrasound (Fig. 1). The province with the
highest prevalence of optimal timing of first prenatal
ultrasound was Quebec (77%), while the lowest prevalence of optimal timing of first prenatal ultrasound was
found in Ontario (63.2%) (Fig. 1). The province with the
highest prevalence of early ultrasound was Ontario
(33.3%) while the lowest prevalence of early ultrasound
was found in Manitoba (13.3%) (Fig. 1). Interestingly,
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Manitoba was also the province with the highest prevalence of late ultrasound (12.1%) (Fig. 1). The provinces
with the lowest prevalence of late ultrasound were British Columbia and Ontario (3.5% each) (Fig. 1).
Table 1 shows the percentages and the unadjusted
Odds Ratios (ORs) and 95% Confidence Intervals
(95%CI) for timing of first prenatal ultrasound at the
level of each of the covariates.
The maternal factors that were significantly associated
with a higher likelihood of early first prenatal ultrasound
were: fertility medications or procedures (adjusted OR =
3.47, 95%CI: 2.59–4.65), health problems before pregnancy (adjusted OR = 1.30, 95%CI: 1.09–1.56), health
problems during pregnancy (adjusted OR = 1.27, 95%CI:
1.09–1.48) and underweight BMI (adjusted OR = 1.81,
95%CI:1.34–2.44) (Table 2). As for the ‘late’ category,
women who had health problems before pregnancy were
significantly less likely to have a late first prenatal ultrasound than those who did not have those problems (adjusted OR = 0.55, 95%CI: 0.31–0.97) (Table 2). In
addition, women whose pregnancies were unintended
were significantly more likely to undergo late first ultrasound than those with intended pregnancies (adjusted
OR = 1.89, 95%CI: 1.38–2.59) (Table 2). No other maternal factors were significantly associated with late first
prenatal ultrasound.
In terms of the behavioural risk factors, women who
used alcohol during pregnancy were significantly less
likely to receive early first prenatal ultrasounds than
those who did not use alcohol (adjusted OR = 0.69,
95%CI: 0.53–0.90) (Table 2). No other behavioural risk
factors were significantly associated with early or late
first prenatal ultrasound.

Fig. 1 Prevalence of early, appropriate and late ultrasound in different regions of Canada. The Maternity Experiences Survey (MES)
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Table 1 Percentages and unadjusted Odds Ratios (OR) and 95% Confidence Intervals (95%CI) for timing of ultrasound at different
independent variables. The Maternity Experiences Survey (MES)
Variable

Overall
%

Optimal
%

Early

Late

%

Unadjusted OR (95%CI)

Yes

4.7

42.6

55.2

3.49 (2.70–4.52)

2.2

0.81 (0.26–2.53)

No

95.3

69.8

25.9

1.00

4.4

1.00

Yes

15.3

63.8

33.7

1.40 (1.20–1.63)

2.5

0.57 (0.36–0.90)

No

84.7

69.2

26.1

1.00

4.6

1.00

Yes

24.4

65.4

31.1

1.26 (1.15–1.44)

3.5

0.82 (0.60–1.12)

No

75.6

69.3

26.1

1.00

4.5

1.00

6.1

59.3

36.5

1.63 (1.27–2.08)

4.2

1.17 (0.66–2.09)

a

%

Unadjusted OR (95%CI)a

MATERNAL FACTORS
Fertility medications or procedures

Health problems before pregnancy

Health Problems during pregnancy

Pre-pregnancy BMI
Underweight (less than 18.5)
Normal (18.5–24.99)

59.3

69.5

26.3

1.00

4.2

1.00

Overweight/obese (25+)

34.6

68.4

27.4

1.06 (0.93–1.20)

4.3

1.03 (0.77–1.36)

Unintended

27.1

66.7

26.3

0.98 (0.86–1.13)

7.1

2.24 (1.74–2.88)

Intended

73.0

69.1

27.7

1.00

3.3

1.00

Intended pregnancy

BEHAVIOURAL RISK FACTORS
Smoking during the last 3 months of pregnancy
Yes

10.5

66.6

27.0

1.02 (0.84–1.23)

6.4

1.63 (1.18–2.27)

No

89.5

68.6

27.3

1.00

4.1

1.00

Alcohol during pregnancy
Yes

10.5

75.6

20.1

0.64 (0.51–0.80)

4.3

0.88 (0.56–1.40)

No

89.6

67.6

28.1

1.00

4.3

1.00

Primiparous

45.5

65.7

30.8

1.00

3.5

1.00

Multiparous

54.5

70.7

24.4

0.73 (0.65–0.83)

5.0

1.32 (1.01–1.71)

Yes

5.8

64.0

32.9

1.30 (1.02–1.67)

3.1

0.80 (0.41–1.54)

No

94.2

68.8

27.1

1.00

4.2

1.00

Yes

2.5

59.6

38.8

1.65 (1.18–2.32)

0.9

0.42 (0.15–1.12)

No

97.5

68.6

27.0

1.00

4.4

1.00

Yes

22.1

60.9

36.6

1.72 (1.50–1.97)

2.5

0.61 (0.42–0.89)

No

77.9

70.5

24.7

1.00

4.8

1.00

Yes

11.8

69.4

26.3

0.94 (0.78–1.14)

4.3

0.98 (0.63–1.52)

No

88.2

68.2

27.5

1.00

4.3

1.00

REPRODUCTIVE HISTORY
Parity

History of premature birth

History of ectopic pregnancy or stillbirth

History of miscarriage

History of therapeutic abortion

PRENATAL AND BIRTH RELATED FACTORS
Type of prenatal care provider
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Table 1 Percentages and unadjusted Odds Ratios (OR) and 95% Confidence Intervals (95%CI) for timing of ultrasound at different
independent variables. The Maternity Experiences Survey (MES) (Continued)
Variable

Overall
%

Optimal
%

Early
%

Unadjusted OR (95%CI)

%

Unadjusted OR (95%CI)a

OB/GYN

58.3

67.1

28.8

1.00

4.0

1.00

Family doctor/GP

34.4

70.3

25.2

0.84 (0.74–0.95)

4.5

1.07 (0.81–1.40)

7.3

68.5

26.1

0.89 (0.69–1.13)

5.4

1.30 (0.83–2.06)

Vaginal

73.7

69.4

26.2

1.00

4.5

1.00

Caesarean

26.3

65.6

30.7

1.24 (1.09–1.41)

3.8

0.89 (0.66–1.21)

5.1

60.7

35.0

1.45 (1.10–1.90)

4.3

1.15 (0.61–2.14)

b

Midwife and other

Late
a

Mode of delivery

Birthweight
< 2500
2500–4000

82.4

68.5

27.2

1.00

4.3

1.00

> 4000

12.6

70.6

24.8

0.89 (0.74–1.06)

4.6

1.05 (0.71–1.56)

SOCIO-DEMOGRAPHIC FACTORS
Maternal age at delivery
< 20

3.0

66.0

22.3

0.86 (0.62–1.19)

11.7

2.89 (1.87–4.45)

20–34

79.5

68.7

27.1

1.00

4.2

1.00

35+

17.6

67.6

29.2

1.10 (0.94–1.28)

3.2

0.76 (0.52–1.11)

Country of birth/Aboriginal status
Born in Canada

71.8

69.1

27.4

1.00

3.6

1.00

Born outside of Canada

24.0

66.7

27.2

1.03 (0.89–1.19)

6.1

1.77 (1.34–2.34)

Aboriginal

4.2

67.8

25.8

0.96 (0.72–1.28)

6.4

1.81 (1.10–2.96)

With partner

91.6

68.9

27.0

0.83 (0.68–1.01)

4.1

0.60 (0.41–0.87)

No Partner

8.4

63.6

30.1

1.00

6.4

1.00

23.5

77.0

18.4

1.00

4.6

1.00

Marital status

Province of prenatal care
Quebec
Newfoundland and Labrador

1.3

69.4

26.2

1.59 (1.20–2.09)

4.4

1.05 (0.58–1.90)

Prince Edward Island

0.4

76.8

15.8

0.86 (0.65–1.14)

7.4

1.62 (1.00–2.63)

Nova Scotia

2.2

68.4

27.8

1.71 (1.33–2.18)

3.8

0.93 (0.49–1.75)

New Brunswick

1.9

73.6

22.6

1.29 (0.96–1.72)

3.9

0.88 (0.49–1.59)

Ontario

39.3

63.2

33.3

2.21 (1.86–2.61)

3.5

0.93 (0.65–1.34)

Manitoba

3.5

74.7

13.3

0.75 (0.53–1.04)

12.1

2.70 (1.77–4.10)

Saskatchewan

3.1

70.9

25.3

1.49 (1.12–1.99)

3.9

0.91 (0.48–1.72)

Alberta

12.3

67.6

27.7

1.72 (1.40–2.12)

4.7

1.16 (0.73–1.86)

British Columbia

11.9

65.4

31.1

1.99 (1.59–2.49)

3.5

0.89 (0.52–1.51)

Territories

0.5

75.6

14.6

0.81 (0.62–1.06)

9.8

2.17 (1.47–3.22)

Rural

17.8

71.3

24.6

0.83 (0.70–0.98)

4.2

0.81 (0.57–1.15)

Urban (< 30,000)

17.0

70.2

26.4

0.91 (0.77–1.08)

3.4

0.66 (0.45–0.97)

Urban (30,000-99,000)

8.4

79.8

26.6

0.92 (0.73–1.15)

3.6

0.71 (0.42–1.21)

Urban (100,000-499,999)

11.6

65.4

29.9

1.10 (0.91–1.33)

4.7

0.99 (0.65–1.50)

Urban (500,000+)

45.1

67.3

27.9

1.00

4.9

1.00

68.3

27.3

1.00

4.4

1.00

Urban/Rural

Travelled to another city or town for birth
Did not travel

75.3
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Table 1 Percentages and unadjusted Odds Ratios (OR) and 95% Confidence Intervals (95%CI) for timing of ultrasound at different
independent variables. The Maternity Experiences Survey (MES) (Continued)
Variable

Overall
%

Optimal
%

Early
%

Late
a

Unadjusted OR (95%CI)

%

Unadjusted OR (95%CI)a

< 80 km

20.7

68.7

27.2

0.99 (0.86–1.15)

4.2

0.93 (0.68–1.27)

80 km+

4.0

67.7

30.2

1.12 (0.84–1.48)

2.1

0.48 (0.24–0.94)

21.0

67.0

25.7

1.00

7.3

1.00

Education
Highschool or less
Post-secondary, below bachelor

43.6

68.6

27.2

1.03 (0.88–1.22)

4.1

0.55 (0.41–0.74)

Bachelor

25.7

69.6

27.7

1.04 (0.87–1.24)

2.7

0.35 (0.24–0.52)

Graduate

9.8

66.9

30.5

1.19 (0.94–1.50)

2.6

0.36 (0.20–0.66)

Yes

78.7

69.0

27.4

0.98 (0.84–1.14)

3.6

0.48 (0.37–0.63)

No

21.3

66.2

26.8

1.00

7.1

1.00

< 30,000

17.0

68.0

25.7

1.00

6.2

1.00

Employment during pregnancy

Household income (Canadian Dollar)

30,000- < 60,000

30.7

68.6

25.3

0.98 (0.81–1.17)

6.0

0.96 (0.70–1.32)

60,000- < 100,000

32.2

72.6

24.8

0.90 (0.75–1.08)

2.6

0.39 (0.27–0.58)

100,000+

20.1

64.4

33.5

1.38 (1.12–1.69)

2.1

0.35 (0.21–0.58)

Obtained using bivariable multinomial logistic regression models using ‘Appropriate’ as the reference category
b
Other includes: Nurse or nurse practitioner, other doctor (unspecified) or a response of ‘other’ to the question asking about the type healthcare provider that
provided most of the respondent’s prenatal care
a

As for reproductive history factors, history of premature birth was significantly associated with an increased
likelihood of early first prenatal ultrasound (adjusted
OR = 1.41, 95%CI: 1.06–1.89) (Table 2). Being multiparous was associated with a decreased likelihood of early
first prenatal ultrasound (adjusted OR = 0.67, 95%CI:
0.57–0.78) (Table 2). The only interaction term that was
found to be significant was that between prenatal care
provider and whether the woman had a history of miscarriage. Taking this interaction term into account, having a history of miscarriage while seeing an OB/GYN
(the reference category for care provider) was significantly associated with early first prenatal ultrasound (adjusted OR = 2.04, 95%CI: 1.65–2.54), whereas having a
prenatal care provider other than a family doctor or an
OB/GYN combined with having a history of miscarriage
had significantly lower OR for early first prenatal ultrasound as compared to those who have had a history of
miscarriage and were seeing an OB/GYN (adjusted OR
= 0.31, 95%CI: 0.14–0.66) (Table 2). No other reproductive history factors were significantly associated with early
or late first prenatal ultrasound.
The socio-demographic factors that were significantly
associated with increased likelihood of early first prenatal ultrasound were a household income of 100,000
Canadian Dollars or more (adjusted OR = 1.41, 95%CI:
1.07–1.85) and province of prenatal care (Table 2).
Women who received prenatal care in Newfoundland
and Labrador (adjusted OR = 1.66, 95%CI: 1.20–1.30),

Nova Scotia (adjusted OR = 1.68, 95%CI: 1.25–2.28), Ontario (adjusted OR = 2.16, 95%CI: 1.76–2.65), Saskatchewan (adjusted OR = 1.50, 95%CI: 1.05–2.14), Alberta
(adjusted OR = 1.37, 95%CI: 1.05–1.77) and British
Columbia (adjusted OR = 1.90, 95%CI: 1.45–2.50) were
significantly more likely to receive early first prenatal
ultrasound than those receiving their care in Quebec
(Table 2). On the other hand, women who received their
prenatal care in Manitoba were significantly less likely to
receive early prenatal ultrasound (adjusted OR = 0.66,
95%CI: 0.45–0.98). The factors associated with a lower
likelihood of early first prenatal ultrasound were being
born outside of Canada (adjusted OR = 0.82, 95%CI:
0.67–0.99) and being under 20 years of age at the time
of birth (adjusted OR = 0.54, 95%CI: 0.34–0.84) when
compared to being Canadian born and being between 20
and 34 years of age at the time of birth, respectively. Being born outside of Canada was also significantly associated with a higher likelihood of late first ultrasound than
those born in Canada (adjusted OR = 1.75, 95%CI: 1.14–
2.68) as was receiving prenatal care in Manitoba and the
Territories (adjusted OR = 2.88, 95%CI: 1.64–5.05 and
adjusted OR = 4.50, 95%CI: 2.27–8.93, respectively) than
those receiving their care in Quebec (Table 2). The factors that were significantly associated with a lower likelihood of late first prenatal ultrasound were: living in an
urban setting with a population size less than 30,000
(adjusted OR = 0.58, 95%CI: 0.35–0.98) when compared
to urban population size of 500,000+, having a bachelor’s
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Table 2 Adjusted Odds Ratios (OR) and 95% Confidence Intervals (95%CI) obtained from a multivariable multinomial logistic
regression model for timing of ultrasound at different independent variables. The Maternity Experiences Survey (MES)
Variable

Early
Adjusted OR (95%CI)a

Late
Adjusted OR (95%CI)a

3.47 (2.59–4.65)

1.39 (0.33–5.80)

1.30 (1.09–1.56)

0.55 (0.31–0.97)

1.27 (1.09–1.48)

1.05 (0.73–1.50)

MATERNAL FACTORS
Fertility medications or procedures
Yes
Health problems before pregnancy
Yes
Health Problems during pregnancy
Yes
Pre-pregnancy BMI
Underweight (less than 18.5)

1.81 (1.34–2.44)

0.87 (0.39–1.93)

Overweight/obese (25+)

1.06 (0.92–1.23)

0.99 (0.70–1.39)

1.13 (0.96–1.34)

1.89 (1.38–2.59)

0.97 (0.76–1.24)

1.00 (0.62–1.61)

0.69 (0.53–0.90)

1.01 (0.57–1.79)

0.67 (0.57–0.78)

1.41 (0.97–2.05)

1.41 (1.06–1.89)

0.56 (0.24–1.32)

1.50 (1.00–2.26)

0.40 (0.14–1.19)

2.04 (1.65–2.54)

0.61 (0.33–1.11)

1.01 (0.81–1.25)

0.89 (0.54–1.47)

Family doctor/GP

0.94 (0.78–1.12)

1.26 (0.89–1.77)

Midwife and otherb

1.16 (0.86–1.57)

1.71 (0.94–3.11)

1.11 (0.95–1.29)

1.14 (0.81–1.62)

< 2500

1.25 (0.89–1.77)

0.76 (0.28–2.09)

> 4000

0.90 (0.73–1.13)

0.96 (0.59–1.58)

< 20

0.54 (0.34–0.84)

1.11 (0.53–2.33)

35+

0.92 (0.76–1.12)

0.93 (0.61–1.42)

0.82 (0.67–0.99)

1.75 (1.14–2.68)

Intended pregnancy
Unintended
BEHAVIOURAL RISK FACTORS
Smoking during the last 3 months of pregnancy
Yes
Alcohol during pregnancy
Yes
REPRODUCTIVE HISTORY
Parity
Multiparous
History of premature birth
Yes
History of ectopic pregnancy or stillbirth
Yes
History of miscarriage
Yes
History of therapeutic abortion
Yes
PRENATAL AND BIRTH RELATED FACTORS
Type of prenatal care provider

Mode of delivery
Caesarean
Birthweight

SOCIO-DEMOGRAPHIC FACTORS
Maternal age at delivery

Country of birth/Aboriginal status
Born outside of Canada
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Table 2 Adjusted Odds Ratios (OR) and 95% Confidence Intervals (95%CI) obtained from a multivariable multinomial logistic
regression model for timing of ultrasound at different independent variables. The Maternity Experiences Survey (MES) (Continued)
Variable
Aboriginal

Early
Adjusted OR (95%CI)a

Late
Adjusted OR (95%CI)a

0.83 (0.58–1.19)

0.59 (0.28–1.24)

0.80 (0.60–1.08)

0.92 (0.51–1.65)

Marital status
With partner
Province of prenatal care
Newfoundland and Labrador

1.66 (1.20–2.30)

1.25 (0.54–2.86)

Prince Edward Island

0.84 (0.60–1.18)

1.60 (0.85–3.01)

Nova Scotia

1.68 (1.25–2.28)

1.24 (0.57–2.70)

New Brunswick

1.29 (0.90–1.87)

1.14 (0.57–2.29)

Ontario

2.16 (1.76–2.65)

0.98 (0.63–1.54)

Manitoba

0.66 (0.45–0.98)

2.88 (1.64–5.05)

Saskatchewan

1.50 (1.05–2.14)

1.12 (0.53–2.36)

Alberta

1.37 (1.05–1.77)

1.55 (0.87–2.78)

British Columbia

1.90 (1.45–2.50)

0.84 (0.44–1.58)

Territories

1.01 (0.68–1.52)

4.50 (2.27–8.93)

0.83 (0.66–1.03)

0.94 (0.57–1.57)

Urban/Rural
Rural
Urban (< 30,000)

0.87 (0.70–1.07)

0.58 (0.35–0.98)

Urban (30,000-99,000)

0.94 (0.72–1.24)

0.93 (0.51–1.70)

Urban (100,000-499,999)

0.90 (0.71–1.13)

1.21 (0.69–2.14)

Travelled to another city or town for birth
< 80 km

0.99 (0.83–1.19)

1.28 (0.88–1.86)

80 km+

1.24 (0.87–1.75)

0.28 (0.12–0.65)

0.96 (0.78–1.19)

0.74 (0.51–1.07)

Education
Post-secondary, below bachelor
Bachelor

0.98 (0.77–1.25)

0.48 (0.29–0.80)

Graduate

0.91 (0.68–1.22)

0.55 (0.27–1.10)

0.96 (0.79–1.17)

0.83 (0.57–1.21)

1.02 (0.81–1.28)

1.37 (0.92–2.05)

Employment during pregnancy
Yes
Household income (Canadian Dollar)
30,000- < 60,000
60,000- < 100,000

0.94 (0.74–1.21)

0.74 (0.45–1.24)

100,000+

1.41 (1.07–1.85)

0.74 (0.38–1.47)

1.00

1.00

INTERACTION: Prenatal care provider x History of miscarriage
OB/GYN x No miscarriage
Family doctor x miscarriage

0.90 (0.64–1.25)

0.76 (0.29–1.98)

Midwife and other x miscarriage

0.31 (0.14–0.66)

1.51 (0.20–11.35)

Obtained using a multivariable multinomial logistic regression model using ‘Optimal’ as the reference category
Other includes: Nurse or nurse practitioner, other doctor (unspecified) or a response of ‘other’ to the question asking about the type healthcare provider that
provided most of the respondent’s prenatal care

a

b

degree (adjusted OR = 0.48, 95%CI: 0.29–0.80) when
compared to women who had a highschool education or
less, and having travelled 80 km or more to give birth
(adjusted OR = 0.28, 95%CI: 0.12–0.65) when compared
to women who did not travel for birth (Table 2).

Discussion
The results of this study indicate that only about 68% of
Canadian women received an optimally timed prenatal
ultrasound. Around 27% of Canadian women received
early ultrasounds and this was influenced by a number
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of factors including: being younger, underweight, born
outside of Canada, having a high household income and
receiving prenatal care in Newfoundland and Labrador,
Nova Scotia, Ontario, Saskatchewan, Alberta or British
Columbia when compared with residing in Quebec. On
the other hand, late ultrasound was performed in around
4% of Canadian women and was influenced by: being
born outside of Canada, receiving prenatal care in Manitoba or the Territories and having an unintended pregnancy. The results of this study can be used to better
direct national educational efforts about the optimal
timing of the first prenatal ultrasound in low risk pregnancy. In addition, these results may be of use when addressing large scale issues such as over- and
under-utilization of ultrasound in pregnancy.
Based on the present study, only 68% of Canadian
women received optimally timed prenatal ultrasounds. This
is concerning because both over- and under-utilization of
prenatal ultrasound can be problematic. The obvious consequences of overutilization lie in the cost associated with
performing these tests, which can burden the healthcare
system if used excessively [36], while underutilization may
lead to missed opportunities for screening [19].
This study has found that, after adjusting for confounders, multiple maternal factors were associated with
a higher likelihood of early but not late first prenatal
ultrasound. Women who used fertility procedures or
medications for this pregnancy were significantly more
likely to have an early prenatal ultrasound. These
women generally undergo more testing than other
women do and require multiple ultrasounds in early
pregnancy to check embryonic growth and development
[37]. Similarly, women who had pre-pregnancy or pregnancy conditions that warranted additional care during
pregnancy may require earlier first prenatal ultrasounds
than other women. In addition, underweight women
were significantly more likely to have an early ultrasound. Obese women are more likely to access prenatal
care late in pregnancy than non-obese women [19] and
are generally more likely to avoid or delay screening
tests [38, 39] due to multiple factors including negative
body image and to avoid weight loss advice [39], while
underweight women are less likely to have late access to
prenatal care [19]. In addition to this, underweight
women have a higher likelihood of irregular menstruation [40] which may result in uncertain dates and, consequently, an earlier first prenatal ultrasound to establish
gestational age. The present study also found that unintended pregnancy was significantly associated with increased likelihood of late ultrasound. This is in
agreement with previous findings that women who have
unintended pregnancies tend to have delayed prenatal
care [41] and possibly miss the window of an optimally
timed prenatal ultrasound.
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After adjusting for covariates, the present study also
found that women who used alcohol during pregnancy
were less likely to undergo early first prenatal ultrasound
than those who did not. This is consistent with previous
studies that have found that substance use, including alcohol use, was associated with late access to prenatal
care [22, 23, 42, 43], which consequently makes them
less likely to have early ultrasounds as opposed to optimal ultrasounds. A possible explanation of this is that
these women may believe that their substance abuse has
already harmed their baby irreversibly, leading them to
delay prenatal care [44]. Another possible explanation,
though no previous studies were found to support this,
is that these women might not realize that they are pregnant early enough, leading to delayed prenatal care.
The present study found that reproductive history factors are significantly associated with timing of the first
prenatal ultrasound, after adjusting for confounders.
Multiparous women were less likely to receive early ultrasounds than primiparous women. This is consistent
with previous studies in multiple countries including
Canada, that have found that higher parity is associated
with late or inadequate access to prenatal care [20, 21,
23, 45, 46]. Women who had positive previous pregnancies may feel more confident than women who are pregnant for the first time, and may not feel that accessing
prenatal care early is of value [47, 48]. On the other
hand, women who have had negative experiences in
their previous pregnancy may want to avoid or delay
prenatal care [47]. Moreover, since these women most
likely have children already, they may struggle with child
care issues and time constraints leading to delayed prenatal care [47, 48], and, consequently, leading to a lower
likelihood of having early ultrasounds as opposed to optimally timed ones. The present study also found that
women who had a history of preterm birth were significantly more likely to undergo early prenatal ultrasound.
Although no specific recommendations have yet been
set by the SOGC about the optimal timing of cervical
length measurement using ultrasound [49], these women
and their healthcare providers may opt for earlier ultrasounds to measure the cervix in hopes of avoiding preterm birth in this pregnancy. Interestingly, the present
study also found an interaction effect between type of
prenatal provider and having a history of a miscarriage.
Specifically, women who received most of their care
from and OB/GYN and had a history of miscarriage
were at higher odds of receiving an early first ultrasound. In addition, among patients who had a history of
miscarriage, women who were seeing healthcare providers other than OB/GYN or family doctor had significantly lower ORs for early ultrasound than those who
received care from an OB/GYN. Midwives may be less
reliant on ultrasound while caring for a patient [50], and
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may therefore not treat patients with a history of miscarriage with as many diagnostic tests as OB/GYNs do. In
addition, in theory, women who had a history of a miscarriage may prefer to receive their care from an OB/
GYN or family doctor, due to the fact that having a history of miscarriage may predispose women to a subsequent miscarriage [51]. This may mean that other
healthcare providers may not see as many patients with
a history of miscarriage as OB/GYN or family doctor. It
is important to note here that it is not a specific recommendation of the SOGC that women with a history of
miscarriage have earlier ultrasounds during subsequent
pregnancies. However, these women and their prenatal
care providers may be more anxious about the well being of the baby and may, therefore, opt for earlier
ultrasounds.
In terms of socio-demographic variables, the present
study also found that women who were under 20 years
of age were less likely to have an early ultrasound. This
is consistent with findings that women who are under
20 years of age are more likely to have late access to prenatal care [19, 52], which can reduce their likelihood of
receiving earlier ultrasound compared to optimally
timed ones. Teenage mothers may delay access to prenatal care due to not realising that they are pregnant
[53], or due to fears of confirming that they are pregnant
or the fear that someone else might subsequently discover their pregnancy [54]. Another finding of the
present study is that women born outside of Canada
were less likely to receive an early ultrasound and more
likely to receive a late ultrasound. Previous studies in
multiple countries including Canada have reported that
foreign born mothers were more likely to have late access to prenatal care than mothers who were born in the
country of reference [22, 55–57]. This may be due to
language barriers, fear of discrimination and lack of
knowledge of the local healthcare system [58, 59]. The
present study also found differences between provinces
with respect to timing of ultrasound. Patients receiving
their prenatal care in Newfoundland and Labrador, Nova
Scotia, Ontario, Saskatchewan, Alberta and British
Columbia were more likely to receive early ultrasounds
than those receiving their care in Quebec. The present
study also found that receiving prenatal care in Manitoba was not only associated with a lower likelihood of
early ultrasound but also with a higher likelihood of late
ultrasound. These findings may be explained by the differences in prevalence of inadequate prenatal care between provinces; according to the MES, Quebec has a
higher prevalence of inadequate prenatal care than multiple provinces including Newfoundland and Labrador,
Nova Scotia, Ontario, Saskatchewan, Alberta and British
Columbia [22]. Quebec also has a lower prevalence of
inadequate prenatal care than 2 of the Territories and
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Manitoba, although the difference between Quebec and
Manitoba was small (22.3 and 22.5%, respectively) [22].
Moreover, women who receive their prenatal care in Ontario generally receive more ultrasounds during pregnancy than those in other provinces [50], which is
consistent with the finding of the present study that the
highest prevalence of early ultrasound was found in Ontario. Another factor contributing to these provincial differences can be the differences in wait times for
ultrasound examinations in the Canadian provinces. In
2005 and 2006, Manitoba had higher ultrasound wait
times than most of the other provinces followed by Quebec [60]. In 2006, it was reported that in Manitoba the
wait time for an ultrasound was 8 weeks, followed by
Quebec and Nova Scotia, (each reporting 6 week median
wait times), with the other provinces reporting median
wait times of 2–4.8 weeks [60]. As of 2018, the shortest
wait time for an ultrasound was reported in Saskatchewan (1.1 weeks) and the longest was reported in Newfoundland and Labrador (10.5 weeks) [61]. Interestingly,
some of the shortest wait times for an ultrasound were
consistently found in Ontario (2 weeks) [60, 61]. The
present study also found that receiving prenatal care in
the Territories was strongly associated with a higher
likelihood of late prenatal ultrasound. The effect of wait
times may be extrapolated to the Territories where access to prenatal care and diagnostic technology may be
reduced. Another finding of the present study was that
women living in an urban setting of a population of
30,000 or less and women who had to travel 80 km or
more to give birth were less likely to receive late ultrasounds. Although no specific findings from previous literature were found to support this, one explanation can
be that in smaller settings, where large hospitals and
centers are not available to provide all services, patients
may have closer, more familiar relationships with their
prenatal care providers making them more likely to access prenatal care and diagnostic testing at an optimal
time. Education was a factor that influenced late ultrasound but not early ultrasound in the present study,
where having a bachelor’s degree was associated with a
lower likelihood of having a late ultrasound when compared to highschool education or less. Women with
higher education tend to have more adequate access to
prenatal care [46, 52]. However, pregnant women with
very high education may have more developed critical
thinking skills allowing them to be more comfortable to
question the practices of healthcare providers [46, 62]
and, therefore, may not be inclined to undergo testing as
early as recommended. The present study also found
that women who reported having a household income of
100,000 Canadian Dollars or more were more likely to
receive early prenatal ultrasound. This is a surprising
finding since medically necessary health care services are
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free to residents of Canada [63], making it less likely for
Canadians to have financial barriers preventing access to
prenatal care. However, this effect can be explained by
taking into consideration the environmental and personal factors that influence women of different income
brackets. The socio-ecological model of determinants of
health services utilization proposed by Sword suggests
that women of differing income brackets can have different personal, environmental and political influencers, ultimately leading to differing health services utilization
patterns [64]. These differences can play a role even
within a universally funded healthcare system and may
make Canadian women of higher income more likely to
prioritize their prenatal care when compared to lower
income women, making them more likely to ask for and
receive additional prenatal testing to ‘make sure the baby
is ok’. Moreover, higher income Canadian women may
have more flexibility to take ‘time off ’ to go to prenatal
appointments than lower income women do, making
them more likely to access prenatal services early in
pregnancy.
The main limitation of this study is the cross-sectional
design of the MES which may lead to reverse causality.
In addition, the MES is over a decade old and the
current Canadian population may have different characteristics than those captured by the MES. However, even
though the MES is ‘old’, the information from this study
can be valuable to establish a baseline of data pertaining
to timing of prenatal ultrasound for future hypothesis
generation. In addition, ‘old’ data can be valuable because, should there be newer data in the future, the results of this study can be used to investigate trends and
changes over time in Canada. It is also important to note
that the recommendations for prenatal ultrasound have
not changed much since the time of the survey [10, 31–
33]. Another limitation is that with self-reported data
there is always a potential for information bias either
due to lack of recall or the temptation to present oneself
favourably. Finally, not all of the possible confounding
variables such as irregular menstrual cycles can be adjusted for either due to the lack of their availability in
the MES or due to the power limitations within the regression model. Despite all the limitations mentioned
above, the MES is the largest, most up to date
Canada-wide database that covers information about
timing of ultrasound and different aspects of the maternity experience, in addition to having a high response
rate of 78%.

Conclusions
The findings of this study indicate only 68% of Canadian
women receive an optimally timed prenatal ultrasound,
and that the timing of prenatal ultrasound is influenced
by numerous factors such as province of prenatal care,
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maternal age and country of birth. This study also found
that having a history of a miscarriage combined with
having a prenatal care provider other than an OB/GYN
or family doctor was associated with a lower likelihood
of early ultrasound. These findings establish a baseline
of factors influencing the timing of prenatal ultrasound
in Canada that can be built upon by future studies,
which can investigate the relationship between type of
prenatal care provider and province of prenatal care in a
more up to date context, and perhaps focusing on provincial settings. In addition, these findings can help
guide efforts to encourage the use of optimally timed
prenatal ultrasounds by focusing education based on
province, prenatal care provider, and patient characteristics. This will potentially address issues including underand over-utilization of ultrasound in pregnancy.
Abbreviations
95%CI: 95% Confidence Interval; BMI: Body Mass Index; MES: Maternity
Experiences Survey; OR: Odds Ratio; RDC: Research Data Centre
Acknowledgements
We would like to thank the staff working at the Research Data Centre (RDC)
at York University and for the individuals responsible for the Maternity
Experiences Survey (MES). Although the research and analysis are based on
data from Statistics Canada, the opinions expressed do not represent the
views of Statistics Canada.
Funding
Not applicable.
Availability of data and materials
The data that support the findings of this study are available from Statistics
Canada but restrictions apply to the availability of these data, which were
used under license for the current study, and so are not publicly available.
Authors’ contributions
PA contributed to hypothesis conception, methodology design, data
analysis, interpretation of results and manuscript write-up. HM contributed to
data analysis and critical revisions of the manuscript. CKL and AM contributed to methodology design and critical revisions of the manuscript. HT supervised hypothesis conception, methodology design, data analysis and
interpretation and provided critical revisions of the manuscript. All authors
read and approved the final version of the manuscript.
Ethics approval and consent to participate
Participation in MES was voluntary. The protocol of MES has been reviewed
by the Health Canada’s Science Advisory Board and Research Ethics Board
and the Federal Privacy Commissioner and approved by the Statistics
Canada’s Policy Committee. Access to the MES was obtained through the
Research Data Centre at York University, approved by the Social Sciences
and Humanities Council of Canada. Since this project was based on
secondary data analysis of MES, institutional ethics approval was not
required.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interest.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Abdullah et al. BMC Pregnancy and Childbirth

(2019) 19:164

Author details
1
Kinesiology and Health Science, York University, 4700 Keele Street, Toronto,
Ontario M3J 1P3, Canada. 2Health, Nursing and Environmental Studies, York
University, 4700 Keele Street, Toronto, Ontario M3J 1P3, Canada. 3Institute for
Social Research, York University, 4700 Keele Street, Toronto, Ontario M3J 1P3,
Canada.
Received: 13 March 2019 Accepted: 22 April 2019

References
1. Rao R, Platt LD. Ultrasound screening: Status of markers and efficacy of
screening for structural abnormalities. Semin Perinatol. 2016;40(1):67–78.
Available from: http://www.sciencedirect.com/science/article/pii/
S0146000515001639. [Cited 23 Jan 2016].
2. Gardiner HM. Advances in fetal echocardiography. Semin Fetal Neonatal
Med. 2017;23(2):112–8. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/29221765. Accessed 30 Apr 2019.
3. Blask AN, Fagen K. Prenatal imaging of the gastrointestinal tract with
postnatal imaging correlation. Ultrasound Q. 2016;32:15–24.
4. Dias T, Sairam S, Kumarasiri S. Ultrasound diagnosis of fetal renal
abnormalities. Best Pract Res Clin Obstet Gynaecol. 2014;28:403–15.
Available from: https://www.ncbi.nlm.nih.gov/pubmed/24524801. [Cited 18
Dec 2017].
5. De Catte L, De Keersmaeker B, Claus F. Prenatal Neurologic Anomalies.
Pediatr Drugs. 2012;14:143–55 Available from: http://link.springer.com/10.
2165/11597030-000000000-00000. [Cited 18 Dec 2017].
6. Whitworth M, Bricker L, Mullan C. Ultrasound for fetal assessment in early
pregnancy. Cochrane Database Syst Rev. 2015:CD007058 Available from:
http://www.ncbi.nlm.nih.gov/pubmed/26171896. [Cited 2019 Feb 9].
7. Cargill Y, Morin L. No. 223-Content of a Complete Routine Second Trimester
Obstetrical Ultrasound Examination and Report. J Obstet Gynaecol Can.
2017;39:e144–9 Available from: http://linkinghub.elsevier.com/retrieve/pii/
S1701216317304620. [Cited 18 Dec 2017].
8. Audibert F, De Bie I, Johnson J-A, Okun N, Wilson RD, Armour C, et al. No.
348-Joint SOGC-CCMG Guideline: Update on Prenatal Screening for Fetal
Aneuploidy, Fetal Anomalies, and Adverse Pregnancy Outcomes. J Obstet
Gynaecol Can. 2017;39:805–17 Available from: https://linkinghub.elsevier.
com/retrieve/pii/S1701216317300701. [Cited 5 Feb 2019].
9. Doubilet PM. Ultrasound Evaluation of the First Trimester. Radiol. Clin. North
Am. 2014;52:1191–9 Available from: http://www.ncbi.nlm.nih.gov/pubmed/
25444100. [Cited 8 Jan 2018].
10. Demianczuk N, Van Den Hof M, Farquharson D, Lewthwaite B, Gagnon R,
Morin L, et al. SOGC clinical practice guidelines - The use of first trimester
ultrasound. J Obstet Gynaecol Can. 2003;25:864–9 Available from: https://
www.ncbi.nlm.nih.gov/pubmed/?term=The+use+of+first+trimester
+ultrasound+Demianczuk+N. [Cited 8 Jan 2018].
11. Abramowicz JS. Fetal Doppler: How to Keep it Safe? Clin Obstet Gynecol. 2010;
53:842–50. Available from: https://www.ncbi.nlm.nih.gov/pubmed/?term=Fetal
+Doppler%3A+How+to+Keep+it+Safe%3F. [Cited 8 Jan 2018].
12. Qu X, Wang H, Zou J, Cheng L, Wang F, Ma L, et al. Effect of transvaginal
ultrasound on human chorionic villus cell apoptosis during pregnancy.
Genet Mol Res. 2015;14:18771–7 Available from: https://www.ncbi.nlm.nih.
gov/pubmed/?term=Effect+of+transvaginal+ultrasound+on+human
+chorionic+villus+cell+apoptosis+during+pregnancy. [cited 7 Jan 2018].
13. Pellicer B, Herraiz S, Táboas E, Felipo V, Simon C, Pellicer A. Ultrasound
bioeffects in rats: quantification of cellular damage in the fetal liver after
pulsed Doppler imaging. Ultrasound Obstet Gynecol. 2011;37:643–8
Available from: http://www.ncbi.nlm.nih.gov/pubmed/20878673. [Cited 8
Jan 2018].
14. Doubilet PM, Benson CB. First, Do No Harm . . . to Early Pregnancies. J
Ultrasound Med. 2010;29:685–9 Available from: http://doi.wiley.com/10.
7863/jum.2010.29.5.685. [Cited 2018 Jan 7].
15. Papageorghiou AT, Kemp B, Stones W, Ohuma EO, Kennedy SH, Purwar M,
et al. Ultrasound-based gestational-age estimation in late pregnancy.
Ultrasound Obstet Gynecol. 2016;48:719–26 Available from: http://doi.wiley.
com/10.1002/uog.15894. [Cited 24 Nov 2018].
16. Butt K, Lim K. Diagnostic imaging Committee. Determination of gestational
age by ultrasound. J Obstet Gynaecol Can. 2014;36:171–81 Available from:
https://doi.org/10.1016/S1701-2163(15)30664-2.

Page 13 of 14

17. Quick JD, Greenlick MR, Roghmann KJ. Prenatal care and pregnancy
outcome in an HMO and general population: a multivariate cohort analysis.
Am J Public Health. 1981;71:381–90 Available from: http://www.ncbi.nlm.nih.
gov/pubmed/7468878. [Cited 25 Nov 2018].
18. Carmichael SL, Shaw GM, Nelson V. Timing of prenatal care initiation and
risk of congenital malformations. Teratology. 2002;66:326–30 Available from:
http://doi.wiley.com/10.1002/tera.10117. [Cited 25 Nov 2018].
19. Barber C, Rankin J, Heslehurst N. Maternal body mass index and access to
antenatal care: a retrospective analysis of 619,502 births in England. BMC
Pregnancy Childbirth. 2017;17:290 Available from: http://www.ncbi.nlm.nih.
gov/pubmed/28877677. [Cited 2 Dec 2018].
20. McCaw-Binns A, La Grenade J, Ashley D. Under-users of antenatal care: a
comparison of non-attenders and late attenders for antenatal care, with
early attenders. Soc Sci Med. 1995;40:1003–12 Available from: http://www.
ncbi.nlm.nih.gov/pubmed/7792624. [Cited 24 Nov 2018].
21. Essex C, Counsell AM, Geddis DC. The demographic characteristics of early
and late attenders for antenatal care. Aust N Z J Obstet Gynaecol. 1992;32:
306–8 Available from: http://www.ncbi.nlm.nih.gov/pubmed/1290424. [Cited
24 Nov 2018].
22. Debessai Y, Costanian C, Roy M, El-Sayed M, Tamim H. Inadequate prenatal
care use among Canadian mothers: findings from the maternity experiences
survey. J Perinatol. 2016;36:420–6 Available from: http://www.ncbi.nlm.nih.
gov/pubmed/26796126. [Cited 10 Dec 2018].
23. Heaman MI, Martens PJ, Brownell MD, Chartier MJ, Thiessen KR, Derksen SA, et al.
Inequities in utilization of prenatal care: a population-based study in the
Canadian province of Manitoba. BMC Pregnancy Childbirth. 2018;18:430 Available
from: http://www.ncbi.nlm.nih.gov/pubmed/30382911. [Cited 10 Dec 2018].
24. CIA. North America: Canada — The World Factbook - Central Intelligence
Agency. Available from: https://www.cia.gov/library/publications/resources/
the-world-factbook/geos/ca.html. [Cited 13 Apr 2019]
25. Statistics Canada. Population estimates, quarterly [Internet]. Available from:
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=
1710000901&geocode=A000011124. Accessed 30 Apr 2019.
26. Statistics Canada. Upper income limit, income share and average of
adjusted market, total and after-tax income by income decile [Internet].
Available from: https://www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=
1110019301. Accessed 30 Apr 2019.
27. The Conference Board of Canada. Social outcomes in the territories - society
provincial rankings - how Canada performs . Available from: https://www.
conferenceboard.ca/hcp/provincial/society/territories.aspx. [Cited 13 Apr 2019]
28. The Conference Board of Canada. Poor Socio-Economic Conditions in
Canada’s Territories Contribute To Low Grades On Health Report Card
[Internet]. Available from: https://www.conferenceboard.ca/press/
newsrelease/15-02-12/Poor_Socio-Economic_Conditions_in_Canada_s_
Territories_Contribute_To_Low_Grades_On_Health_Report_Card.aspx. [Cited
13 Apr 2019]
29. Government of Canada. Canada Health act annual report 2017–2018 Canada.Ca [Internet]. Available from: https://www.canada.ca/en/healthcanada/services/publications/health-system-services/canada-health-actannual-report-2017-2018.html#s4. [Cited 16 Apr 2019]
30. Dzakpasu S, Kaczorowski J, Chalmers B, Heaman M, Duggan J, Neusy E. The
Canadian Maternity Experiences Survey: Design and Methods ; for the
Maternity Experiences Study Group of the Canadian Perinatal Surveillance
System, Public Health Agency of Canada. J Obs Gynaecol Can. 2008;30:207–
16 Available from: http://www.jogc.com/article/S1701-2163(16)32757-8/pdf.
[Cited 15 Dec 2017].
31. Summers AM, Langlois S, Wyatt P, Wilson RD, SOGC Genetics Committee,
CCMG Committee on Prenatal Diagnosis, et al. Prenatal screening for fetal
aneuploidy. J Obs Gynaecol Can. 2007;29(2):146–61. Available from: https://
www.ncbi.nlm.nih.gov/pubmed/?term=Prenatal+screening+for+fetal
+aneuploidy+SOGC+clinical+practice+guideline+members+of+the+ccmg
+committee+on+prenatal+diagnosis+members+of+the+sogc+diagnostic
+imaging+committee.+2007
32. Demianczuk NN, Diagnostic imaging Committee Members. Guidelines for
ultrasound as part of routine prenatal care SOGC clinical practice guidelines
policy statement. J Obs Gynaecol Can. 1999;21(9):874–9. Available from:
https://www.jogc.com/article/S0849-5831(16)30389-5/abstract
33. Cargill Y, Morin L, Bly S, Butt K, Denis N, Gagnon R, et al. Content of a
complete routine second trimester obstetrical ultrasound examination and
report. J Obstet Gynaecol Can. 2009;31:272–5 Available from: https://www.
ncbi.nlm.nih.gov/pubmed/19416575.

Abdullah et al. BMC Pregnancy and Childbirth

(2019) 19:164

34. Kwak C, Clayton-Matthews A. Multinomial logistic regression. Nurs Res. 51:
404–10 Available from: http://www.ncbi.nlm.nih.gov/pubmed/12464761.
[Cited 12 Apr 2019].
35. Gagné C, Roberts G, Keown L-A. Weighted estimation and bootstrap
variance estimation for analyzing survey data: how to implement in
selected software. Res Data Centres Inf Tech Bull. 2014;6:4–70.
36. You JJ, Alter DA, Stukel TA, McDonald SD, Laupacis A, Liu Y, et al.
Proliferation of prenatal ultrasonography. CMAJ. 2010;182:143–51 Available
from: http://www.ncbi.nlm.nih.gov/pubmed/20048009. [Cited 21 Dec 2017].
37. Abramowicz JS. Ultrasound in Assisted Reproductive Technologies and the
First Trimester: Is There a Risk? Clin Obstet Gynecol. 2017;60:121–32
Available from: https://www.ncbi.nlm.nih.gov/pubmed/28005592. [Cited 23
Dec 2018].
38. Amy NK, Aalborg A, Lyons P, Keranen L. Barriers to routine gynecological
cancer screening for White and African-American obese women. Int J Obes.
2006;30:147–55 Available from: http://www.ncbi.nlm.nih.gov/pubmed/
16231037. [Cited 2 Dec 2018].
39. Maruthur NM, Bolen SD, Brancati FL, Clark JM. The association of obesity
and cervical cancer screening: a systematic review and meta-analysis.
Obesity (Silver Spring). 2009;17:375–81 Available from: http://www.ncbi.nlm.
nih.gov/pubmed/18997682. [Cited 2 Dec 2018].
40. Franks S. Primary and secondary amenorrhoea. Br Med J (Clin Res Ed). 1987;
294:815–9 Available from: http://www.ncbi.nlm.nih.gov/pubmed/3105755.
[Cited 2 Dec 2018].
41. Dibaba Y, Fantahun M, Hindin MJ. The effects of pregnancy intention on
the use of antenatal care services: systematic review and meta-analysis.
Reprod Health. 2013;10:50 Available from: http://www.ncbi.nlm.nih.gov/
pubmed/24034506. [cited 22 Dec 2018].
42. Brady TM, Visscher W, Feder M, Burns AM. Maternal drug use and the
timing of prenatal care. J Health Care Poor Underserved. 2003;14:588–607
Available from: http://www.ncbi.nlm.nih.gov/pubmed/14619557. [Cited 10
Dec 2018].
43. Kelly RH, Danielsen BH, Golding JM, Anders TF, Gilbert WM, Zatzick DF.
Adequacy of Prenatal Care Among Women With Psychiatric Diagnoses
Giving Birth in California in 1994 and 1995. Psychiatr Serv. 1999;50:1584–90
Available from: http://www.ncbi.nlm.nih.gov/pubmed/10577877. [Cited 10
Dec 2018].
44. Roberts SCM, Pies C. Complex Calculations: How Drug Use During
Pregnancy Becomes a Barrier to Prenatal Care. Matern Child Health J. 2011;
15:333–41 Available from: http://link.springer.com/10.1007/s10995-010-05947. [Cited 10 Dec 2018].
45. Simkhada B, van Teijlingen ER, Porter M, Simkhada P. Factors affecting the
utilization of antenatal care in developing countries: systematic review of
the literature. J Adv Nurs. 2008;61:244–60 Available from: http://www.ncbi.
nlm.nih.gov/pubmed/18197860. [Cited 11 Dec 2018].
46. Feijen-de Jong EI, Jansen DE, Baarveld F, van der Schans CP, Schellevis FG,
Reijneveld SA. Determinants of late and/or inadequate use of prenatal
healthcare in high-income countries: a systematic review. Eur J Public
Health. 2012;22:904–13 Available from: http://www.ncbi.nlm.nih.gov/
pubmed/22109988. [Cited 23 Dec 2018].
47. Hawley NL, Brown C, Nu’usolia O, Ah-Ching J, Muasau-Howard B, ST MG.
Barriers to adequate prenatal care utilization in American Samoa. Matern
Child Health J. 2014;18:2284–92 Available from: http://www.ncbi.nlm.nih.
gov/pubmed/24045912. [Cited 11 Dec 2018].
48. Heaman MI, Moffatt M, Elliott L, Sword W, Helewa ME, Morris H, et al.
Barriers, motivators and facilitators related to prenatal care utilization
among inner-city women in Winnipeg, Canada: a case-control study. BMC
Pregnancy Childbirth. 2014;14:227 Available from: http://www.ncbi.nlm.nih.
gov/pubmed/25023478. [Cited 7 Feb 2019].
49. Lim K, Butt K, Crane JM. No. 257-Ultrasonographic cervical length
assessment in predicting preterm birth in singleton pregnancies. J Obstet
Gynaecol Can. 2018;40:e151–64 Available from: https://www.ncbi.nlm.nih.
gov/pubmed/29447720.
50. Guliani H, Sepehri A, Serieux J. Does the type of provider and the place of
residence matter in the utilization of Prenatal ultrasonography? Evidence
from Canada. Appl Health Econ Health Policy. 2013;11:471–84 Available
from: http://www.ncbi.nlm.nih.gov/pubmed/23912308. [Cited 6 Jan 2016].
51. Garrido-Gimenez C, Alijotas-Reig J. Recurrent miscarriage: causes, evaluation
and management. Postgrad Med J. 2015;91:151–62 Available from: http://
www.ncbi.nlm.nih.gov/pubmed/25681385. [Cited 11 Dec 2018].

Page 14 of 14

52. Chiavarini M, Lanari D, Minelli L, Salmasi L. Socio-demographic determinants
and access to prenatal care in Italy. BMC Health Serv Res. 2014;14:174
Available from: http://www.ncbi.nlm.nih.gov/pubmed/24735757. [cited 22
Dec 2018].
53. Downe S, Finlayson K, Walsh D, Lavender T. ‘Weighing up and balancing
out’: a meta-synthesis of barriers to antenatal care for marginalised women
in high-income countries. BJOG An Int J Obstet Gynaecol. 2009;116:518–29
Available from: http://www.ncbi.nlm.nih.gov/pubmed/19250363. [Cited 22
Dec 2018].
54. Leatherman J, Blackburn D, Davidhizar R. How postpartum women explain
their lack of obtaining adequate prenatal care. J Adv Nurs. 1990;15:256–67
Available from: http://www.ncbi.nlm.nih.gov/pubmed/2332548. [cited 22
Dec 2018].
55. Alderliesten M, Vrijkotte T, Van Der Wal M, Bonsel G. Late start of antenatal
care among ethnic minorities in a large cohort of pregnant women. BJOG
An Int J Obstet Gynaecol. 2007;114:1232–9 Available from: http://www.ncbi.
nlm.nih.gov/pubmed/17655734. [cited 22 Dec 2018].
56. Chiavarini M, Lanari D, Minelli L, Pieroni L, Salmasi L. Immigrant mothers
and access to prenatal care: evidence from a regional population study in
Italy. BMJ Open. 2016;6:e008802 Available from: http://www.ncbi.nlm.nih.
gov/pubmed/26861935. [Cited 22 Dec 2018].
57. Litorp H, Rööst M, Kidanto HL, Nyström L, Essén B. The effects of previous
cesarean deliveries on severe maternal and adverse perinatal outcomes at a
university hospital in Tanzania. Int J Gynecol Obstet. 2016;133:183–7
Available from: https://www.ncbi.nlm.nih.gov/pubmed/?term=The+effects
+of+previous+cesarean+deliveries+on+severe+maternal+and+adverse
+perinatal+outcomes+at+a+university+hospital+in+Tanzania.
58. Derose KP, Bahney BW, Lurie N, Escarce JJ. Review: immigrants and Health
care access, quality, and cost. Med Care Res Rev. 2009;66:355–408 Available
from: http://www.ncbi.nlm.nih.gov/pubmed/19179539. [Cited 22 Dec 2018].
59. Khanlou N, Haque N, Skinner A, Mantini A, Kurtz Landy C. Scoping Review
on Maternal Health among Immigrant and Refugee Women in Canada:
Prenatal, Intrapartum, and Postnatal Care. J. Pregnancy. 2017;2017:8783294
Available from: http://www.ncbi.nlm.nih.gov/pubmed/28210508. [Cited 7
Feb 2019].
60. Esmail N, Walker MA, Wrona D. Waiting your turn. 16th ed; 2006. Available from:
https://www.fraserinstitute.org/sites/default/files/WaitingYourTurn2006.pdf
61. Barua B, Jacques D, Collyer A. Waiting your turn wait times for Health Care
in Canada, 2018 report [Internet]. 2018. Available from: https://www.
fraserinstitute.org/sites/default/files/waiting-your-turn-2018.pdf.
62. Frawley J, Adams J, Sibbritt D, Steel A, Broom A, Gallois C. Prevalence and
determinants of complementary and alternative medicine use during
pregnancy: Results from a nationally representative sample of Australian
pregnant women. Aust N Z J Obstet Gynaecol. 2013;53:347–52 Available
from: http://www.ncbi.nlm.nih.gov/pubmed/23472704. [Cited 23 Dec 2018].
63. Marchildon G. Canada: Health system review. Health Syst Transit. 2013;15:1–
179 Available from: http://www.ncbi.nlm.nih.gov/pubmed/23628429. [Cited
23 Dec 2018].
64. Sword W. A socio-ecological approach to understanding barriers to prenatal
care for women of low income. J Adv Nurs. 1999;29:1170–7 Available from:
http://doi.wiley.com/10.1046/j.1365-2648.1999.00986.x. [cited 9 Feb 2019].

