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Abstract

Objective: To examine the impact of pre-pregnancy diabetes mellitus (DM) on the

population birth prevalence of congenital anomalies in Canada.

Methods: We carried out a population-based study of all women who delivered in

Canadian hospitals (except those in the province of Quebec) between April 2002 and

March 2013 and their live-born infants with a birth weight of 500 grams or more and/or a

gestational age of 22 weeks or more. Pre-pregnancy type 1 or type 2 DM was identified

using ICD-10 diagnostic codes. The association between DM and all congenital anomalies

as well as specific congenital anomaly categories was estimated using adjusted odds

ratios; the impact was calculated as a population attributable risk percent (PAR%).

Results: There were 118 892 infants with a congenital anomaly among 2 839 680 live

births (41.9 per 1000). While the prevalence of any congenital anomaly declined from

50.7 per 1000 live births in 2002/03 to 41.5 per 1000 in 2012/13, the corresponding PAR%

for a congenital anomaly related to pre-pregnancy DM rose from 0.6% (95% confidence

interval [CI]: 0.4–0.8) to 1.2% (95% CI: 0.9–1.4). Specifically, the PAR% for congenital

cardiovascular defects increased from 2.3% (95% CI: 1.7–2.9) to 4.2% (95%

CI: 3.5–4.9) and for gastrointestinal defects from 0.8% (95% CI: 0.2–1.9) to 1.4%

(95% CI: 0.7–2.6) over the study period.

Conclusion: Although there has been a relative decline in the prevalence of congenital

anomalies in Canada, the proportion of congenital anomalies due to maternal pre-

pregnancy DM has increased. Enhancement of preconception care initiatives for women

with DM is recommended.

Keywords: diabetes mellitus, pre-pregnancy, congenital anomaly, birth defect, trends,

population attributable risk percent

Introduction

Major congenital anomalies affect approxi-

mately 3% to 5% of newborn infants in

Canada and are the leading contributor to

perinatal and infant mortality.1–3 Congeni-

tal anomalies may also necessitate surgery

and special care for several years after

birth.4

Children of women with pre-pregnancy

type 1 and type 2 diabetes mellitus (DM)

are at 2 to 10 times higher risk for

congenital anomalies, especially cardiovas-

cular and central nervous defects, com-

pared with the nondiabetic population.5–11

Given that the rate of pre-pregnancy DM

has doubled over the past decade or so,12

clinical and public health programs in

particular would benefit from knowing if

the effect of pre-pregnancy DM on the rate

of congenital anomalies has also changed.

Preconception care is recommended for

women with pre-pregnancy DM, including

periconceptional glycemic control, optimal

nutrition intake and folic acid supplementa-

tion.13 In addition, early prenatal diagnosis

of lethal congenital anomalies and subse-

quent pregnancy termination play an impor-

tant role in the management of pregnancy

among women with pre-pregnancy DM.14

In this study we examined the impact of

pre-pregnancy DM on the population birth

prevalence of congenital anomalies in

Key findings

� Among Canadian women aged 35

year or more, pre-pregnancy dia-

betes mellitus almost doubled, from

6.4 per 1000 live births in 2002 to

12.3 per 1000 live births in 2012.
� The proportion of congenital

anomalies attributable to maternal

pre-pregnancy diabetes mellitus has

increased over the last decade.
� 4.2% of congenital heart defects in

infants were attributable to pre-

pregnancy diabetes mellitus in

2012, compared with 2.3% in 2002.
� Increased proportions of congenital

gastrointestinal, genitourinary and

musculoskeletal defects were also

attributed to pre-pregnancy diabetes

mellitus.
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Canada. Specifically, we used the popula-

tion attributable risk percent (PAR%).

This index quantifies the proportion of

congenital anomalies attributable to pre-

pregnancy DM that can be potentially

prevented by optimizing DM control.

Methods

We completed a population-based cohort

study of all live births in Canada (excluding

the province of Quebec) for the fiscal years

2002/03 through 2012/13. We obtained

information on each hospital birth from the

Discharge Abstract Database (DAD) of the

Canadian Institute for Health Information

(CIHI). The DAD contains the abstracted and

collated information on each hospitalization

in Canada excluding Quebec. This informa-

tion is extracted by trained medical archivists

in each hospital and coded according to a

standard protocol. Hospitalization records

for the mother’s delivery and her live-born

infant’s birth were deterministically linked

using a common mother–newborn number.

The DAD data file contains information on

demographics, health service use, diagnosis

and procedure. Information in the DAD has

been previously validated15 and extensively

used in research6,16,17 and in a number of

Canadian perinatal surveillance reports,18

including congenital anomalies surveillance

reports.1

We included all mother–newborn pairs,

except for births at less than 22 weeks’

gestation or less than 500 grams birth-

weight. Variables used in the study

included maternal province of residence,

three-digit postal code, residence code, year

of delivery, parity, newborn’s sex, delivery

admission and discharge date, newborn

date of death (if applicable), birth weight,

and whether the delivery resulted in a live

birth or a stillbirth. However, stillbirths

were not included in the study population

because stillbirth records could not be

linked to the mother’s records. Pre-preg-

nancy DM (either type 1 or type 2 DM) and

congenital anomalies were identified based

on information in the 25 diagnostic fields of

the medical record, coded according to the

International Statistical Classification of

Diseases and Related Health Problems,

10th Revision, Canada (ICD-10 CA). The

diagnosis of a congenital anomaly was

based on hospital records at the birth

hospitalization and also hospital readmis-

sion within 30 days of birth.1,18 We used a

melding process to categorize congenital

anomalies in the DAD to group the admis-

sion of the same infant into one record and

avoid duplication.1 This process included a

summary by individual ICD-10 codes,

59 standard categories and 14 major

categories (i.e. a few congenital anomalies

categories combined). A congenital ano-

malies subcategory was defined by a list of

one or more ICD-10 diagnostic codes, and

included every infant with one or more of

the codes listed within a given category. For

example, an infant with an upper limb

deficiency and a lower limb deficiency was

counted as one case of limb deficiency.

However, the upper and lower limb

anomalies could also be reported as

2 separate categories because they had

2 distinct ICD-10 CA codes. Similarly, infants

with more than one anomaly involving

different categories were counted in each of

those categories as a single case.

We calculated the prevalence of all congeni-

tal anomalies and the prevalence of each

subcategory of interest. We then determined

the prevalence of congenital anomalies

among women with pre-pregnancy DM.

Crude and adjusted odds ratios (OR) and

95% confidence intervals (CI) were esti-

mated for the association between pre-

pregnancy DM and congenital anomalies.

We used multivariate logistic regression to

adjust for maternal age (o20, 20–24,

25–29, 30–34, 35–39 andZ 40 years), parity

(i.e. number of previous births: 0, 1, 2, 3+,

missing), and the year of delivery. We also

estimated the proportion of cases of con-

genital anomaly that would be eliminated if

a risk factor such as pre-pregnancy DM

(assumed to be causally associated with

congenital anomalies) was removed from

the population using the adjusted effect

measure in the following equation:

pd (OR� 1)/OR,

where pd is the proportion of cases exposed

to the risk factor, and OR is the adjusted

OR attributable to the risk factor.19 The

adjusted OR expressing the relation between

pre-pregnancy DM and congenital anomalies

was estimated separately for each year. Since

prevalence changes, pre-pregnancy DM may

have led to changes in the strength of the

relation between pre-pregnancy DM and

congenital anomalies. All statistical analyses

were performed with SAS Unix version 9.2

(SAS Institute, Cary, NC).

This study was carried out by the Public

Health Agency of Canada, which has a

federal mandate to monitor the health

of the Canadian population. The data

analysed were de-identified and ethics

review board approval was not required.

Results

The study population included 2 839 680

live births. The prevalence of pre-pregnancy

DM among mothers of live-born infants

increased significantly over the 11 years of

the study period, from 4.6 per 1000 live

births in 2002/03 to 7.5 per 1000 live births

in 2012/13. The prevalence of type 1 DM

among the mothers of live-born infants

remained unchanged, from 2.7 per 1000 live

births in 2002/03 to 2.8 per 1000 live births

in 2012/13 (p value for linear trend ¼ .43),

while the prevalence of maternal type 2 DM

increased from 1.9 per 1000 live births to

4.7 per 1000 live births in 2012/13 (p value

for linear trend o .0001). Overall, among

live births to women aged 35 years or more,

pre-pregnancy DM rates almost doubled,

from 6.4 per 1000 to 12.3 per 1000 live births

from 2002/03 to 2012/13 (Figure 1).

A total of 118 892 infants with one or more

congenital anomalies were identified among

the 2 839 680 infants born during the study

period—equivalent to 41.9 congenital

anomalies per 1000 live births. The pre-

valence of any congenital anomalies

declined from 50.7 per 1000 live births in

2002/03 to 38.5 per 1000 in 2007/08, then

rose to 41.5 per 1000 in 2012/13. The

prevalence of most of the major congenital

anomaly categories, for instance, musculos-

keletal defects and cardiovascular defects,

declined over this entire period while

genitourinary defects increased (Figure 2).

The rate of any congenital anomaly was

93.4 per 1000 live births among women

with pre-pregnancy DM versus 41.5 per

1000 live births among women without pre-

pregnancy DM. Rates were similar among

women with type 1 DM (93.7 per 1000 live
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births) and type 2 DM (93.3 per 1000 live

births). The adjusted OR for congenital

anomalies associated with type 1 DM in

the entire population was 2.38 (95% CI:

2.20–2.57), while that associated with

type 2 DM was 2.31 (95% CI: 2.16–2.47).

The magnitude of the association between

type 1 and type 2 DM and major categories

of congenital anomalies was similar except

for musculoskeletal anomalies, which were

not associated with type 1 DM (Table 1).

Overall, 0.9% of cases of congenital

anomalies in the population were attribu-

table to pre-pregnancy DM (Table 1). The

etiological contribution of pre-pregnancy

DM to congenital anomalies increased

between 2002/03 and 2012/13: the annual

PAR% for congenital anomalies related to

pre-pregnancy DM doubled over time,

from 0.6% (95% CI: 0.4–0.8) in 2002/03

to 1.2% (95% CI: 0.9–1.4) in 2012/13

(Figure 3), because the prevalence of

maternal pre-pregnancy DM increased

from 4.6 per 1000 live births in 2002/03

to 7.5 per 1000 live births in 2012/13 while

the relation between pre-pregnancy

DM and congenital anomalies remained

unchanged (the adjusted OR was 2.20

[95% CI: 1.77–2.74] in 2002/03 and 2.55

[95% CI: 2.21–2.94] in 2012/13; p 4.05

for the difference in adjusted ORs).

Rates of congenital cardiovascular defects

were 5 times higher and rates of central

nervous system anomalies were 3 times

higher among women with pre-pregnancy

DM compared with those without pre-

pregnancy DM. In particular, approxi-

mately 3% of cardiovascular defects in

infants could be attributed to maternal

pre-pregnancy DM (Table 1). The corre-

sponding PAR% increased over time for

cardiovascular defects, from 2.3% (95%

CI: 1.7–2.9) to 4.2% (95% CI: 3.5–4.9) and

for gastrointestinal defects, from 0.8%

(95% CI: 0.2–1.9) to 1.4% (95% CI:

0.7–2.6), as well as for genitourinary and

musculoskeletal defects (Figure 4).

Discussion

The birth prevalence of congenital anoma-

lies in Canada was approximately 42 per

1000 live births from 2002/03 to 2012/13,

and several specific congenital anomalies

declined over the study period. However,

exposure of fetuses to maternal pre-

pregnancy DM increased over this 11-year

period, resulting in an increase in the

contribution of pre-pregnancy DM to the

occurrence of congenital anomalies.

Although the etiology of congenital

anomalies is multifactorial and largely

unknown,1,4,20 several non-inherited

factors play a significant role in their

development, including maternal age,

pre-pregnancy DM, obesity and folate

insufficiency.1,4,6,21–23 The current analysis

of recent Canadian data suggests that pre-

pregnancy DM remains a significant and

modifiable risk factor.

Maternal DM has been shown to increase

the risk of congenital anomalies by 2 to

5 times that of women without diabetes.7–11

Prevalence of pre-pregnancy diabetes in

Ontario doubled between 1996 and 2010

among women aged 30 years and older,12

FIGURE 1
Trends in pre-pregnancy diabetes mellitus according to the age of the mother, Canada

(excluding Quebec), 2002/03–2012/13
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FIGURE 2
Trends in the birth prevalence of three major categories of congenital anomalies, Canada

(excluding Quebec), 2002/03–2012/13
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likely because of more sedentary lifestyles

and higher rates of obesity. Between 2000

and 2010, the prevalence of DM in the

entire Canadian population increased by

103% and is currently at 7.6%; increases

were especially evident among those aged

35 to 44 years.23 Moreover, it is estimated

that approximately 20% of DM cases are

undiagnosed.24 The current high prevalence

of both pre-pregnancy DM and overweight/

obesity25 are of concern since both are

significantly associated with an elevated risk

of congenital anomalies.25,26 Specifically,

fetuses of obese mothers are more likely to

be affected by neural tube defects or

cardiovascular anomalies compared with

fetuses of mothers with a normal BMI.25

The association between pre-pregnancy

DM and congenital anomalies we observed

was consistent with other studies.5–11 For

instance, Nielsen et al.5 found a prevalence

odds ratio of congenital abnormalities in

infants of women with diabetes of 2.1 (95%

CI: 1.5–3.1) and particularly strong associa-

tions for renal agenesis, obstructive abnorm-

alities of the urinary tract, cardiovascular

congenital abnormalities and multiple con-

genital abnormalities.

Periconceptional glycemic control can help

mitigate the risk of congenital anomalies

in women with DM.4,8,12,27 In a meta-

analysis of observational studies of peri-

conceptional glycemic control, the risk of

congenital malformation increased with each

standard deviation unit increase in maternal

glycosylated hemoglobin concentration by an

OR of 1.2 (95% CI: 1.1–1.4).27 Studies show

that preconception care is associated with a

lower glycosylated hemoglobin concentration

and a significantly lower risk of congenital

anomalies among women with pre-preg-

nancy DM.13 Thus, strategies should be

developed to inform women with known

DM on the importance of effective precon-

ception and prenatal health care, especially in

regards to monitoring and managing blood

glucose, blood pressure and target organ

complications, such as retinal or renal

damage.13,14,28,29

Strengths and limitations

Our study had several limitations. First, the

decline in prevalence of congenital anomalies

over time is, in part, as result of increased

availability of prenatal diagnosis and preg-

nancy termination for serious congenital

anomalies. However, our data source did

not have direct information about either

prenatal screening or prenatal care practices,

and so we were unable to exclude such

effects. Since the mid-1990s, improved pre-

natal detection of congenital anomalies may

have led to higher rates of pregnancy

termination of fetuses with serious congenital

anomalies, thereby leading to a decline in the

proportion of live-born infants with a con-

genital anomaly.2,30,31

Second, our mother–newborn linked

dataset was limited to live births; late

TABLE 1
Association between pre-pregnancy diabetes mellitus types 1 and 2 and congenital anomalies, Canada (excluding Quebec), 2002/03–2012/13

Anomaly type Prevalence (per 1000 live births) Adjusted odds ratio (95% confidence interval)a Population attributable
risk percent (PAR%)Diabetes mellitus present Diabetes mellitus absent

Type 1 Type 2 Type 1 Type 2 Type 1 Type 2

Central nervous 5.3 5.9 1.5 1.5 3.48 (3.55–4.76) 3.85 (2.97–4.99) 1.66

Cardiovascular 47.4 41.2 7.5 7.5 6.55 (5.89–7.29) 5.35 (4.83–5.89) 2.97

Orofacial clefts 3.6 3.9 1.4 1.4 2.48 (1.70–3.63) 2.77 (2.02–3.80) 1.03

Digestive 4.7 4.0 1.6 1.6 3.06 (2.20–4.25) 2.41 (2.76–3.29) 1.06

Genitourinary 20.7 20.3 10.9 10.9 1.92 (1.64–2.45) 1.85 (1.61–2.13) 0.54

Musculoskeletal 17.6 26.0 17.8 17.8 0.99 (0.84–1.18) 1.49 (1.32–1.69) 0.18

Any congenital anomaly 93.7 93.3 41.7 41.7 2.38 (2.20–2.57) 2.31 (2.16–2.47) 0.85

Abbreviations: OR, odds ratio; PAR, population attributable risk.

Note: PAR% based on the OR for diabetes mellitus (both type 1 and type 2).
a Adjusted for maternal age, number of previous births, and year of birth.

FIGURE 3
Trends in the overall birth prevalence of congenital anomalies and corresponding population

attributable risk percent (PAR%), Canada (excluding Quebec), 2002/03–2012/13
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pregnancy terminations and spontaneous

stillbirths were not accounted for. Although

how the inclusion of stillbirths would alter

the association between DM and congeni-

tal anomalies is unclear, it is likely that

this exclusion resulted in underestimates

of the association between maternal DM

(especially type 1 DM) and the more

severe congenital anomalies caused by

this condition. Further, congenital anoma-

lies were determined within 30 days of

birth, so anomalies detected in subsequent

hospital readmissions were not accounted

for. This may have led to underestimates

of the association between maternal DM

and minor congenital anomalies or those

congenital anomalies that present later in

infancy.

Third, no information on maternal or

paternal risk factors for congenital

anomalies, other than maternal age and

DM, was available in the DAD. However,

lack of such information would not have

impacted the temporal trends in congeni-

tal anomalies examined in this study. In

terms of changes in the rate of central

nervous system defects—largely compris-

ing neural tube defects—fortification of

flour with folic acid has been mandatory

in Canada since 1998, and the decline in

numbers of neural tube defects plateaued

before the start of the study period.32,33

Further, the slight increase in congenital

anomalies after 2007/08 in Canada is

concordant with the increase in pre-

pregnancy DM and maternal age

(Figures 1 and 2). Enhanced data collec-

tion among a large cohort of women with

pre-pregnancy DM, with detailed ascer-

tainment of risk factors, such as maternal

obesity, would address some of the

deficiencies in our study.1,31 Finally,

diagnosis of congenital anomalies is

typically made with knowledge of mater-

nal DM and this may have led to an

ascertainment bias, especially with regard

to minor congenital anomalies.

In summary, although there has been a

relative decline in the birth prevalence of

congenital anomalies in Canada, a larger

proportion of congenital anomalies can

now be attributed to maternal pre-preg-

nancy DM compared with previous years.

Our findings reinforce the importance of

preconception care programs, particularly

among women with DM, as well as of

early screening in pregnancy to detect

structural anomalies to guide their man-

agement. Strategies that address and pre-

vent the occurrence of DM among women

of reproductive age are also important for

preventing congenital anomalies due to

pre-pregnancy DM.
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