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Weight gain during pregnancy: Does the antenatal care
provider make a difference? A retrospective cohort study

Beth Murray-Davis RM PhD, Howard Berger MD, Nir Melamed MD, Haroon Hasan MPH,

Karizma Mawjee MA, Maisah Syed MPH, Joel G. Ray MD, Michael Geary MD, Jon Barrett MD,
Sarah D. McDonald MD; for the Diabetes, Obesity and Hypertension in Pregnancy Research Network
and Southern Ontario Obstetrical Network investigators

Background: The primary aim of this study was to examine weight gain during pregnancy and associated adverse outcomes across
different types of antenatal health care providers. Our research question examined whether type of antenatal health care provider
(family physician, obstetrician, midwife, or family physician plus obstetrician) was associated with differing rates of excess or inade-
quate weight gain and associated adverse outcomes including being large for gestational age, being small for gestational age, cesar-
ean delivery and preterm birth.

Methods: This retrospective cohort study used data from the Better Outcomes Registry & Network Information System, 2014—2016,
for singleton hospital births at 2042 weeks’ gestation in Ontario. We calculated descriptive statistics to summarize patient character-
istics and outcomes by antenatal health care provider. We calculated crude and adjusted relative risks with 95% confidence intervals
(Cls) for the exposure (weight gain during pregnancy) relative to each secondary outcome by health care provider. We calculated
population attributable fractions with 95% Cls to assess the proportion of secondary outcomes that could be prevented if inadequate
or excess weight gain (according to the 2009 Institute of Medicine guidelines) were removed by health care provider.

Results: The final cohort consisted of 231 697 pregnancies, of which 26 043 (11.2%), 136 994 (59.1%), 32 262 (13.9%) and 36 298
(15.7%) were managed by a family physician, obstetrician, midwife, and family physician plus obstetrician, respectively. Rates of
weight gain below, within or above recommended levels were 31 742 (13.7%), 71 826 (31.0%) and 128 128 (55.3%), respectively,
and did not differ across health care provider groups. No difference was observed in rates of secondary outcomes according to
weight gain across health care providers. Excess weight gain was associated with a significant risk of being large for gestational age
and cesarean delivery, and inadequate weight gain was associated with an increased risk of being small for gestational age and pre-
term birth. The population attributable fractions indicated a pronounced contribution of excess weight gain to being large for gesta-
tional age across all health care provider groups.

Interpretation: Weight gain during pregnancy and rates of associated secondary outcomes did not differ according to antenatal
health care provider. This suggests a need for further research exploring counselling techniques and strategies for all types of ante-
natal health care providers to use in order to promote optimal weight gain during pregnancy.

eight gain during pregnancy below or above that

recommended substantially increases maternal,

fetal and neonatal risks.!* The 2009 Institute of
Medicine guidelines for weight gain during pregnancy recom-
mend that underweight women (body mass index [BMI]
< 18.5) gain 13-18 kg during pregnancy, women of normal
weight (BMI 18.5-24.9) gain 11-16 kg, overweight women
(BMI 25-29.9) gain 7-11 kg, and obese women (BMI > 30)
gain 5-9 kg.’ Excess weight gain during pregnancy has been
associated with an increased risk of gestational diabetes,' ges-
tational hypertension,* augmentation of labour,** cesarean
delivery,’ birth trauma,’ neonatal macrosomia and metabolic
abnormalities,*® whereas inadequate weight gain has been
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linked to fetal growth restriction, low birth weight and pre-
maturity.” Despite the robust literature in this area, recom-
mendations for weight gain for pregnant women are often not
met. Only 12% of Canadian women achieve the recom-
mended weight gain, and over half exceed the recommended
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levels.%” Cogswell and colleagues® found that pregnant women
who received correct advice from their health care provider
about weight gain were more likely to achieve appropriate
weight gain than those who received incorrect advice or no
counselling. Although the majority of health care providers
reported counselling women on appropriate weight gain,
30%-40% of women reported that they did not receive coun-
selling,”*!% and only about a quarter reported being informed
about risks associated with inappropriate weight gain.!!

The standard of care regarding frequency of antenatal
appointments for women at low risk in Ontario is consistent
across health care providers.!? However, the duration of these
appointments varies, which may influence the amount of time
available for counselling on this topic. McDonald and col-
leagues!? suggested that appointments with obstetricians, which
typically last 10 minutes, provided less opportunity to discuss
weight gain compared to appointments with family physicians
or midwives, which lasted 15 minutes and 30-45 minutes,
respectively. Furthermore, there may be differences in the
issues and content addressed during counselling owing to phil-
osophical differences in models of care, such as how much
emphasis is placed on health teaching and promotion. Studies
among antenatal health care providers in Canada and the
United States showed that midwives routinely discussed physi-
cal activity and food requirements in pregnancy' and that
women seen by obstetricians were significantly less likely to
receive exercise counselling than those seen by other care pro-
viders.!"* Reported differences between health care providers in
the amount of time devoted to the issue of weight gain through
counselling and education, and in the content addressed with
patients may affect rates of weight gain. There may also be
patient-mediated factors that contribute to differences in rates
of weight gain during pregnancy between the different provider
populations. Since family physicians, midwives and obstetri-
cians all provide primary maternity care to women at low risk in
Ontario, patients are able to choose and self-refer to their pre-
ferred antenatal health care provider. This may result in a selec-
tion bias based on patient beliefs or preferences regarding the
approach to care of each profession. For example, women in
midwifery care have been shown to be, on average, better edu-
cated and more likely to be of middle income and in a stable
relationship than those in other provider populations.'?

The primary aim of this study was to examine weight gain
during pregnancy and resulting adverse outcomes across dif-
ferent types of antenatal health care providers. Our research
question examined whether type of antenatal health care pro-
vider (family physician, obstetrician, midwife, or family phys-
ician plus obstetrician) was associated with differing rates of
excess or inadequate weight gain and associated adverse out-
comes, including being large for gestational age, being small
for gestational age, cesarean delivery and preterm birth.

Study design and setting
We conducted a retrospective cohort study to compare the
association of weight gain during pregnancy and associated
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adverse maternal and neonatal outcomes by antenatal health
care provider for women who had a singleton hospital birth in
Ontario between Apr. 1, 2014, and Mar. 31, 2016. Ontario is
the most populous province in Canada, with about 14 million
people, which is roughly 40% of the Canadian population.”
Permanent residents of Ontario receive universal health cover-
age under the government-funded provincial health insurance
plan and therefore have equal access to the option of receiving
antenatal care from a health care provider of their choice.

Study population

We identified women using the Better Outcomes Registry &
Network (BORN) Information System (www.bornontario.
ca/en/about-born/), a province-wide registry of women and
their newborns with a 100% capture rate. Women included
had a singleton hospital birth (live or stillbirth), a plausible
body mass index (15-70), a plausible weight gain during
pregnancy (10 kg to 50 kg) and an infant of gestational age
of 20-42 weeks. The selection of pregnancies for the study
cohort is depicted in Figure 1. The BORN Information
System contains comprehensive information on maternal
and newborn care including data on maternal demographic
characteristics, health behaviours and reproductive history,

Pregnancies with a singleton
hospital birth in Ontario at 20 weeks’
gestation or more, April 2014—March

2016
n = 266 545
Excluded: pregnancies with
antenatal health care provider
outside inclusion criteria
n=16 627
Y

Antenatal health care provider
within inclusion criteria

n =249 918
Excluded: pregnancies with
missing BMI or BMI outside
plausible range (15-70)
n=11879
Y
BMI 15-70
n =238 039
Excluded: pregnancies with
missing weight gain or weight
gain outside plausible range
(=10 to —50 kg) n = 6342
Y
Available for analysis
n =231697

Figure 1: Flow chart showing cohort selection. Note: BMI = body
mass index.



and clinical information related to pregnancy, labour and
birth, and fetal and neonatal outcomes.'®

Exposure and outcomes

Antenatal health care provider (family physician, obstetrician,
midwife, or family physician plus obstetrician) corresponded to
the health care provider who provided the majority of antenatal
care. The family physician plus obstetrician group comprises
women initially seen by a family physician and then transferred
to an obstetrician. We removed women with a health care pro-
vider corresponding to “other,” “unknown” or nurse practi-
tioner from our cohort, as they accounted for a small propor-
tion of the population. If a woman had more than 1 antenatal
health care provider, we applied an algorithm that was devel-
oped a priori (Supplementary Table S1, Appendix 1, available
at www.cmajopen.ca/content/7/2/E283/suppl/DC1).

We defined weight gain during pregnancy as the differ-
ence between prepregnancy weight and weight at delivery.
Both of these measurements are captured in the BORN
database, extracted from the Ontario Perinatal Record at the
time of delivery. The standard of care in obstetrics is to
record a prepregnancy weight and to assess weight gain at
each antenatal visit and record this on the provincial perina-
tal record. Body mass index is calculated early in pregnancy,
and weight gain recommendations are made based on BMI
category.

The recommended weight gain in the first trimester is
0.5-2 kg’ For pregnancies lasting 40 weeks or less, weight
gain recommendations for the second and third trimester are
specific to prepregnancy BMI categories defined by the
World Health Organization guidelines and include a recom-
mended weekly weight gain (Supplementary Table S2,
Appendix 1).!” We obtained the weekly weight gain in the sec-
ond and third trimesters by subtracting 2 kg (the upper limit
for the first trimester) from the total weight gain and dividing
by the number of weeks in the second and third trimesters
(obtained by subtracting the 13 wk of the first trimester from
the total number of weeks of the pregnancy). For pregnancies
exceeding 40 weeks, we applied the upper limit of weekly rec-
ommended weight gain for the second and third trimester up
to 40 weeks to the time beyond 40 weeks.

"The primary exposure of interest was antenatal health care
provider, and the primary outcome was weight gain during
pregnancy below, within or above the recommended levels
based on the Institute of Medicine guidelines’® after adjust-
ment for gestational age as described above. The secondary
outcomes were being small for gestational age (< 10th per-
centile), being large for gestational age (> 90th percentile),
preterm birth (live birth or stillbirth before 37 wk of gesta-
tion) and cesarean delivery. We assessed the primary expo-
sure of interest by stratifying the association of weight gain
and the secondary outcomes by antenatal health care pro-
vider. We used published Canadian reference values to ascer-
tain being small for gestational age and being large for gesta-
tional age.!

We derived income and postsecondary completion quin-
tiles using Postal Code®™ Conversion File Plus! and the 2011

OPEN

Canadian census,”® respectively. We obtained the remainin

) p y g
patient characteristic and outcome data from the BORN
Information System.

Missing data

The level of missing data in the BORN Information System for
prepregnancy BMI and weight at delivery during the study
period was 14.0% and 11.0%, respectively. We took 2 steps to
overcome this limitation. First, we identified pregnancies that
could be linked to the Prenatal Screening Ontario database,
which contains data for about 70% of pregnancies in Ontario, ¢
to ascertain first-trimester weight. For pregnancies that suc-
cessfully linked and had first-trimester weight, maternal height
and missing prepregnancy weight, we subtracted the upper rec-
ommended weight gain during the first trimester 2 kg) from
the first-trimester weight to estimate the prepregnancy weight
and subsequently calculate the prepregnancy BMI.* This
reduced the level of missing data for prepregnancy BMI from
14.0% to 10.8%. Second, we assessed the missing at random
assumption and determined it to be plausibly met by analyzing
the frequency, pattern and reason for missing prepregnancy
BMI. We then performed multiple imputation to impute miss-
ing prepregnancy BMI and weight at delivery using a chained
equation approach among a subset of women with available
prepregnancy weight.?* We created 11 imputed data sets, as
recommended by Azur and colleagues,?! which we then com-
bined across all data sets using Rubin’s rule to obtain final
model estimates. Following imputation, the level of missing
data was reduced from 10.8% to 4.6% for prepregnancy BMI
and from 11.0% to 1.4% for weight at delivery.

Statistical analysis

We calculated descriptive statistics to summarize patient char-
acteristics and outcomes by antenatal health care provider.
We calculated absolute risk differences with 95% confidence
intervals (Cls) to compare the proportion difference for
weight gain during pregnancy above, within or below recom-
mended levels by the primary exposure (antenatal health care
provider) for all possible combinations. We assigned an abso-
lute risk difference with a standardized difference > 0.10 to
indicate an importance difference.”>”> We did not correct for
multiple comparisons.

We ran multivariable Poisson regression models with
robust error variance to calculate crude and adjusted relative
risks (RRs) with 95% Cls for weight gain below or above rec-
ommended levels relative to within recommended levels,
stratified by antenatal health care provider on the secondary
outcomes (being small for gestational age, being large for
gestational age, preterm birth and cesarean delivery).?® Mult-
variable models to generate adjusted RRs were adjusted for
confounders specific to each secondary outcome and were
chosen based on clinical expertise and evidence in the litera-
ture.’’~*? Confounders included in the multivariable models
for being small for gestational age and being large for gesta-
tional age were maternal age, parity, prepregnancy BMI,
income quintile, education quintile, smoking, depression,
preexisting diabetes, preexisting hypertension and gestational
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Table 1 (part 1 of 2): Characteristics of women with a singleton hospital birth in Ontario, April 2014—March 2016,* by antenatal

health care provider

Antenatal health care provider; no. (%) of women

Family physician

All Family physician Obstetrician Midwife + obstetrician

Characteristic n=231697 n =26 043 n =136 994 n =32 362 n=36298
Maternal age, yr

<24 30 896 (13.3) 5014 (19.2) 16 215 (11.8) 3663 (11.3) 6004 (16.5)

25-29 64 476 (27.8) 8140 (31.3) 35950 (26.2) 9487 (29.3) 10 899 (30.0)

30-34 84 644 (36.5) 8713 (33.5) 50 335 (36.7) 12 995 (40.2) 12 601 (34.7)

>35 51681 (22.3) 4176 (16.0) 34 494 (25.2) 6217 (19.2) 6794 (18.7)
Prepregnancy body mass indext

< 18.5 (underweight) 14 018 (6.0) 1440 (5.5) 9086 (6.6) 1608 (5.0) 1884 (5.2)

18.5 — < 25 (normal weight) 120 434 (52.0) 13 337 (51.2) 70 883 (51.7) 18 401 (56.9) 17 813 (49.1)

25 — < 30 (overweight) 55 712 (24.0) 6485 (24.9) 32 820 (24.0) 7551 (23.3) 8856 (24.4)

> 30 (obese) 41 533 (17.9) 4781 (18.4) 24 205 (17.7) 4802 (14.8) 7745 (21.3)
Weight gain during pregnancyz

Inadequate 31804 (13.7) 3567 (13.7) 19 936 (14.6) 3742 (11.6) 4559 (12.6)

Within recommended levels 71777 (31.0) 7768 (29.8) 43 270 (31.6) 10 405 (32.2) 10 334 (28.5)

Excess 128 116 (55.3) 14 708 (56.5) 73 788 (53.9) 18 215 (56.3) 21 405 (59.0)
Preexisting diabetes 2149 (0.9) 115 (0.4) 1544 (1.1) 83 (0.3) 407 (1.1)
Preexisting hypertension 1875 (0.8) 146 (0.6) 1293 (0.9) 92 (0.3) 344 (0.9)
Gestational diabetes mellitus 14 849 (6.4) 1143 (4.4) 10 245 (7.5) 1270 (3.9) 2191 (6.0)

Nulliparous
Gravidity

Primigravid

Multigravid

Missing
Income quintile

1 (lowest)

2

3

4

5 (highest)

Missing
Education quintile

1 (lowest)

2

3

4

5 (highest)

Missing
Mental iliness
Depression

Alcohol consumption during
pregnancy

100 347 (43.3)

74 634 (32.2)
155 619 (67.2)
1444 (0.6)

48 414 (20.9)
46 243 (20.0)
46 908 (20.2)
48 916 (21.1)
37 207 (16.1)
4009 (1.7)

45 156 (19.5)
45 027 (19.4)
44908 (19.4)
44 646 (19.3)
44 294 (19.1)
7666 (3.3)
35271 (15.2)
17 196 (7.4)
5665 (2.4)

11 536 (44.3)

8706 (33.4)
17 165 (65.9)
172 (0.7)

5769 (22.2)
5041 (19.4)
5255 (20.2)
5227 (20.1)
4339 (16.7)
412 (16)

6479 (24.9)
5675 (21.8)
4794 (18.4)
3756 (14.4)
3671 (14.1)
1668 (6.4)
4832 (18.6)
2502 (9.6)
899 (3.4)

57 781 (42.2)

42 540 (31.0)
93 187 (68.0)
1267 (0.9)

30 324 (22.1)
28 116 (20.5)
27 270 (19.9)
28 128 (20.5)
20 683 (15.1)
2473 (1.8)

21 450 (15.7)
23799 (174)
27 549 (20.1)
29 796 (21.7)
30 088 (22.0)
4312 (3.1)
16 291 (11.9)
7591 (5.5)
2772 (2.0)

15 359 (47.5)

11 708 (36.2)
20 652 (63.8)
2 (<0.1)

5560 (17.2)
6199 (19.2)
6594 (20.4)
7402 (22.9)
6063 (18.7)
544 (17)

6808 (21.0)
6651 (20.6)
6093 (18.8)
5857 (18.1)
6273 (19.4)
680 (2.1)
6867 (21.2)
3246 (10.0)
846 (2.6)

15 671 (43.2)

11 680 (32.2)
24 615 (67.8)
3(<0.1)

6761 (18.6)
6887 (19.0)
7789 (21.5)
8159 (22.5)
6122 (16.9)
580 (1.6)

10 419 (28.7)
8902 (24.5)
6472 (17.8)
5237 (14.4)
4262 (11.7)

1006 (2.8)
7281 (20.1)
3857 (10.6)

1148 (3.2)
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health care provider

Table 1 (part 2 of 2): Characteristics of women with a singleton hospital birth in Ontario, April 2014—March 2016,* by antenatal

Antenatal health care provider; no. (%) of women

Family physician

Previous term birth
Previous vaginal birth
Previous stillbirth
Nonvertex presentation
Yes
Missing
Male infant

124 036 (53.5)
96 788 (41.8)
3097 (1.3)

9190 (4.0)
16 179 (7.0)
118 794 (51.3)

13 905 (53.4)
12 132 (46.6)
226 (0.9)

707 (2.7)
1655 (6.4)
13331 (51.2)

74108 (54.1)
55 108 (40.2)
2241 (1.6)

5536 (4.0)
13 189 (9.6)
70 254 (51.3)

16 352 (50.5)
14 366 (44.4)
280 (0.9)

1270 (3.9)
328 (1.0)
16 713 (51.6)

All Family physician Obstetrician Midwife + obstetrician

Characteristic n=231697 n =26 043 n =136 994 n =32 362 n=36298
Smoking during pregnancy

Yes 23 342 (10.1) 4063 (15.6) 12 065 (8.8) 1880 (5.8) 5334 (14.7)

Missing 9079 (3.9) 979 (3.8) 7668 (5.6) 202 (0.6) 230 (0.6)
Drug exposure during pregnancy 4542 (2.0) 954 (3.7) 2202 (1.6) 407 (1.3) 979 (2.7)
Prenatal classes

Yes 51293 (22.1) 6127 (23.5) 26 951 (19.7) 10 120 (31.3) 8095 (22.3)

Missing 16 810 (7.3) 1943 (7.5) 10 928 (8.0) 2460 (7.6) 1479 (4.1)
Previous preterm birth 12 256 (5.3) 1034 (4.0) 8075 (5.9) 1305 (4.0) 1842 (5.1)
Previous cesarean delivery 34 652 (15.0) 2283 (8.8) 23543 (17.2) 2842 (8.8) 5984 (16.5)
Previous abortion 75100 (32.4) 8134 (31.2) 45102 (32.9) 9947 (30.7) 11 917 (32.8)

19 671 (54.2)
15 182 (41.8)
350 (1.0)

1677 (4.6)
1007 (2.8)
18 496 (51.0)

*Women with plausible body mass index and weight gain during pregnancy available.

tCategories reflect the World Health Organization classification.'”

tTotal weight gain recommended for singleton pregnancies based on prepregnancy body mass index (adapted from reference 5).

diabetes mellitus. Confounders included in the multivariable
models for cesarean delivery and preterm birth were mater-
nal age, parity, prepregnancy BMI, income quintile, educa-
tion quintile, smoking, preexisting diabetes, preexisting
hypertension, gestational diabetes, drug exposure, alcohol
consumption, mental illness, previous cesarean delivery, pre-
vious term birth, previous preterm birth, previous vaginal
birth, previous stillbirth, previous abortion, nonvertex pre-
sentation and male infant. Gestational age was included as a
confounder for cesarean delivery. We used generalized esti-
mating equations in the models to account for multiple preg-
nancies for a woman within our cohort.

We calculated population attributable fractions and 95%
ClIs, based on the adjusted RR, to assess the proportion of the
adverse outcome that could be potentially prevented if inade-
quate or excess weight gain were removed by antenatal health
care provider.*® We visualized adjusted RRs and population
attributable fractions using forest plots.

All analyses were conducted in SAS version 9.4 (SAS
Institute).

Ethics approval
Ethics approval to conduct this study was obtained from the
Hamilton Integrated Research Ethics Board.

Our final cohort consisted of 231 697 pregnancies, of which
26 043 (11.2%) were managed by a family physician, 136 994
(59.1%) by an obstetrician, 32 262 (13.9%) by a midwife and
36 298 (15.7%) by a family physician plus obstetrician. Mater-
nal characteristics by antenatal health care provider are sum-
marized in Table 1.

Weight gain

Opverall, the rates of total weight gain below, within and above
recommended levels were 31 742 (13.7%), 71 826 (31.0%)
and 128 128 (55.3%), respectively (Figure 2).

Relative risks of secondary outcomes

The risks of secondary outcomes were similar between
women with inadequate or excess weight gain, stratified by
antenatal health care provider (Supplementary Table S3,
Appendix 1; Figure 3, Figure 4). Inadequate weight gain was
associated with a higher risk of being small for gestational age
(adjusted RR 1.38, 95% CI 1.33 to 1.43) and preterm birth
(adjusted RR 1.34, 95% CI 1.27 to 1.41) but was protective
for being large for gestational age (adjusted RR 0.79, 95% CI
0.74 to 0.83) and was not associated with an increased risk of

CMAJ OPEN, 7(2) E287
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90 4 m Family physician
O Obstetrician
80 - Midwife
O Family physician + obstetrician
70 ~
»n 59.0
@ 60+ 56.5 56.3
S 553 53.9
e
o 50
o
o
“—
O 40
3 32.2
31.0 31.6 32
30 - 29.8 28.5
207 14.6
N |E|
0 |
Weight gain Weight gain Weight gain
< recommended = recommended > recommended

Figure 2: Proportions of pregnancies with weight gain below, within and above recommended levels, by antenatal health care provider.

cesarean delivery (adjusted RR 0.98, 95% CI 0.96 to 1.01).
Excess weight gain was protective for being small for gesta-
tional age (adjusted RR 0.63, 95% CI 0.61 to 0.65) and was
associated with a higher risk of being large for gestational age
(adjusted RR 1.88, 95% CI 1.82 to 1.94) and cesarean delivery
(adjusted RR 1.10, 95% CI 1.09 to 1.12); it was not associated
with an increased risk of preterm birth (adjusted RR 1.00,
95% CI 0.96 to 1.04).

Population attributable fractions of secondary
outcomes

No differences were observed in population attributable frac-
tions for all outcomes between antenatal health care provid-
ers when women had adequate or inadequate weight gain
(Figure 5, Figure 6). Excess weight gain was associated with a
negative population attributable fraction (-23.6%, 95% CI
-30.0% to —17.4%) for being small for gestational age but
was associated with a population attributable fraction of
nearly 35% for being large for gestational age (population
attributable fraction 34.3%, 95% CI 32.7% to 35.8%). The
population attributable fraction for excess weight gain was
not significant for preterm birth although it was for cesarean
delivery (5.5%, 95% CI 4.1% to 6.8%). Inadequate weight

E288 CMAJ OPEN, 7(2)

gain was associated with a slightly positive population attrib-
utable fraction for being small for gestational age (6.2%, 95%
CI 5.2% to 7.1%) and for preterm birth (4.7%, 95% CI
3.5% to 5.8%) and a slightly protective population attribut-
able fraction for being large for gestational age (-2.0%, 95%
CI -3.4% to 0.6%). The population attributable fraction for
inadequate weight gain was not significant for cesarean

delivery.

We did not find a clinically significant association with excess
or inadequate weight gain during pregnancy by provider
type, despite our hypothesis that different counselling tech-
niques and approaches to care result in differing weight gain
during pregnancy. A similar proportion of women gained
below, within and above recommended levels across all ante-
natal care provider groups. Of note, over half of all women,
regardless of antenatal health care provider, had excess
weight gain.

Absolute risk differences between health care provider
groups highlighted 2 findings. First, women in midwifery care
may be slightly less likely to gain below recommended levels
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No. of pregnancies affected/total
no. of pregnancies (event rate %)

Weight gain
< recommended

538/3567 (15.1)
3190/19 936 (16.0)
488/3742 (13.0)
656/4559 (14.4)
4872/31 804 (15.3)

203/3567 (5.7)
1010/19 936 (5.1)
245/3742 (6.5)

284/4559 (6.2)
1742/31 804 (5.5)

224/3567 (6.3)
1762/19 936 (8.8)
250/3742 (6.7)
406/4559 (8.9)
2642/31 804 (8.3)

585/3567 (16.4)
5464/19 936 (27.4)
592/3742 (15.8)
1197/4559 (26.3)
7838/31 804 (24.6)

Weight gain

=recommended difference (95% Cl), %

817/7768 (10.5)
5317/43 270 (12.3)
949/10 405 (9.1)
1097/10 334 (10.6)
8180/71 777 (11.4)

482/7768 (6.2)
2389/43 270 (5.5)
835/10 405 (8.0)

732/10 334 (7.1)
4438/71 777 (6.2)

331/7768 (4.3)
2688/43 270 (6.2)
463/10 405 (4.4)
620/10 334 (6.0)
4102/71 777 (5.7)

1258/7768 (16.2)

11 848/43 270 (27.4)

1720/10 405 (16.5)

2689/10 334 (26.0)

17 515/71 777 (24.4)

Absolute risk

4.6 (3.210 6.0)
3.7 (3.1 t0 4.3)
3.9(2.8105.2)
3.8 (2.6 10 5.0)
3.9 (3.5 t0 4.4)

—0.5 (-1.4 10 0.4)
—0.4 (-0.8t0 —0.1)
—1.5 (2.4 10 -0.5)
—0.9 (-1.7 10 0.0)

~0.7 (-1.0 to —0.4)

2.0 (1.1t02.9)
2.6 (22t03.1)
2.3(1.3t03.1)
2.9 (2.0t03.9)
2.6 (2.2102.9)

0.2 (-1.3101.7)
0.0 (<0.7 10 0.8)
0.7 (-2.1100.7)
0.3 (-1.310 1.8)
0.2 (0.3 10 0.8)

Adjusted RR
(95% Cl)

1.44 (1.29 to 1.60)
1.35 (1.29 to 1.40)
1.45 (1.31 to 1.61)
1.39 (1.27 to 1.53)
1.38 (1.33 t0 1.43)

0.79 (0.67 to 0.94)
0.82 (0.76 to 0.88)
0.72 (0.63 to 0.83)
0.85 (0.74 0 0.97)

0.79 (0.74 to 0.83)

1.30 (1.09 to 1.56)
1.31 (1.23 to 1.40)
1.45 (1.24 to 1.69)
1.37 (1.21 to 1.55)
1.34 (1.27 to 1.41)

1.01 (0.92 to 1.10)
0.99 (0.97 to 1.01)
0.95 (0.88 to 1.03)
0.95 (0.90 to 1.00)
0.98 (0.96 to 1.01)

Figure 3: Adjusted relative risk (RR) of being small for gestational age, being large for gestational age, preterm birth and cesarean delivery
among pregnancies with a weight below that recommended relative to those with a weight gain within recommended levels, stratified accord-
ing to antenatal health care provider. Note: Cl = confidence interval. *Adjusted for maternal age, parity, gestational age at birth, prepregnancy
body mass index (BMI), income quintile, education quintile, smoking, depression, preexisting diabetes, preexisting hypertension and gesta-
tional diabetes mellitus. TAdjusted for maternal age, parity, gestational age at birth, prepregnancy BMI, income quintile, education quintile,
smoking, preexisting diabetes, preexisting hypertension, gestational diabetes, drug exposure, alcohol consumption, mental illness, previous
cesarean delivery, previous term birth, previous preterm birth, previous vaginal birth, previous stillbirth, previous abortion, nonvertex presenta-

tion and male infant.

than those cared for by an obstetrician. Second, women in the
family physician plus obstetrician group were more likely to
have excess weight gain than those in the other provider
groups. It is possible that the lack of continuous care provider
may affect counselling about nutrition and exercise during
pregnancy. Consistent and ongoing counselling on these top-
ics may play a role in raising awareness about appropriate
weight gain during pregnancy. We found no difference in the

rates of the secondary outcomes according to weight gain
across health care provider groups. This is an important find-
ing given that women in Ontario can choose which health
care provider they see for their pregnancy and the great varia-
tion in access to care and care providers throughout the
province.

Our research adds to the growing evidence of the mag-
nitude of the association of excess weight gain during

CMAJ OPEN, 7(2)  E289



OPEN

No. of pregnancies affected/total
no. of pregnancies (event rate %)

Weight gain
< recommended

895/14 708 (6.1)
5543/73 788 (7.5)

993/18 215 (5.4)
1310/21 405 (6.1)
8741/128 116 (6.8)

1951/14 708 (13.3)
9186/73 788 (12.4)
2645/18 215 (14.5)
3085/21 405 (14.4)

16 867/128 116 (13.2)

657/14 708 (4.5)
4865/73 788 (6.6)

840/18 215 (4.6)
1214/21 405 (5.7)
7576/128 116 (5.9)

3217/14 708 (21.9)

24 397/73 788 (33.1) 11 848/43 270 (27.4)

4101/18 215 (22.5)

6627/21 405 (31.0)

38 342/128 116 (29.9) 17 515/71 777 (24.4)

Weight gain

Absolute risk

=recommended difference (95% Cl), %

817/7768 (10.5)
5317/43 270 (12.3)
949/10 405 (9.1)
1097/10 334 (10.6)
8180/71 777 (11.4)

482/7768 (6.2)
2389/43 270 (5.5)
835/10 405 (8.0)
732/10 334 (7.1)
4438/71 777 (6.2)

331/7768 (4.3)
2688/43 270 (6.2)

463/10 405 (4.4)
620/10 334 (6.0)

4102/71 777 (5.7)

1258/7768 (16.2)

1720/10 405 (16.5)

2689/10 334 (26.0)

—4.4(-5210-37)
—4.8 (-5.2 to —4.4)
—3.7 (-4.310-3.0)
—45 (-5.210-3.8)
—4.6 (4.9 10 —4.3)

7.1(6.3107.9)
6.9 (6.6 10 7.3)
6.5 (5.8 10 7.3)
7.3 (6.7 10 8.0)
7.0 (6.8 10 7.3)

0.2 (0.4 10 0.8)

0.4 (0.1t00.7)

0.2 (0.3 10 0.7)
—0.3(-0.9100.2)
0.2 (-0.01 t0 0.41)

5.7 (4.6 10 6.7)
5.7 (5.110 6.2)
6.0 (5.1106.9)
5.0 (3.9 t0 6.0)

5.5 (5.1t05.9)

Adjusted RR
(95% ClI)

0.59 (0.54 to 0.65)
0.64 (0.62 t0 0.67)
0.61 (0.56 t0 0.67)
0.61 (0.57 to 0.66)
0.63 (0.61 to 0.65)

1.98 (1.79 to 2.20)
1.94 (1.85 t0 2.03)
1.68 (1.56 to 1.82)
2.10 (1.94 to 2.27)
1.88 (1.82 to 1.94)

1.02 (0.89 to 1.17)
1.01 (0.96 to 1.06)
1.00 (0.89 to 1.12)
0.91 (0.83 to 1.00)
1.00 (0.96 to 1.04)

1.22 (1.15t0 1.29)
112 (1.10t0 1.14)
1.20 (1.14 to 1.26)
1.10 (1.06 to 1.13)

1.10 (1.09t0 1.12)

|
|
. |
|
* Family physician - |
(]
o |
58 Obstetrician |
SO Midwife - :
= ) L
UE> S Family phys!c!an . |
g + obstetrician |
= Al |
- |
|
_ |
% Family physician | —
) |
= © Obstetrician | -
L3 I
c idwi |
“E’,.g Midwife | —-—
c® Family physician |
- ‘g + obstetrician I "
o Al | -
— |
|
— |
Family physician ——
- y phy |
'C ]
£ Obstetrician +
o
§ . M|c?vx(|fe —+—
] Family physician |
[ + obstetrician -
o |
All [ 3
— |
|
+— [ |
g' Family physician : -
2 - |
5 Obstetrician | =
e I
g Midwife | -
[ Family physician : -
b + obstetrician |
3 Al I'n
— |
. | . .
0.0 0.5 1.0 1.5 2.0 2.5

Adjusted RR (95% Cl)

Figure 4: Adjusted relative risk (RR) of being small for gestational age, being large for gestational age, preterm birth and cesarean delivery
among pregnancies with a weight gain above that recommended relative to those with a weight gain within recommended levels, stratified
according to antenatal health care provider. Note: Cl = confidence interval. *Adjusted for maternal age, parity, gestational age at birth, prepreg-
nancy body mass index (BMI), income quintile, education quintile, smoking, depression, preexisting diabetes, preexisting hypertension and ges-
tational diabetes mellitus. tAdjusted for maternal age, parity, gestational age at birth, prepregnancy BMI, income quintile, education quintile,
smoking, preexisting diabetes, preexisting hypertension, gestational diabetes, drug exposure, alcohol consumption, mental illness, previous
cesarean delivery, previous term birth, previous preterm birth, previous vaginal birth, previous stillbirth, previous abortion, nonvertex presenta-

tion and male infant.

pregnancy with being large for gestational age and cesarean
delivery, and of inadequate weight gain with being small
for gestational age and preterm birth.”®**37 As in previous
studies,’* excess weight gain contributed importantly to
being large for gestational age (population attributable
fraction 34.3%), and this was similar across all health care
provider groups. This finding shows the critical need for
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promoting appropriate weight gain during pregnancy to
prevent a modifiable risk factor for maternal and neonatal
morbidity.

Strengths and limitations
One strength of our study was its large sample, which enabled
adjustment for a number of potential confounders. Our study
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provider. Note: Cl = confidence interval, RR = relative risk.

has limitations. Owing to its retrospective nature, information
on several potential confounding variables, such as a history of
previously giving birth to an infant who was large for gesta-
tional age or small for gestational age, was unavailable. In
addition, we lacked data on weight gain per trimester, which
may be a key factor for understanding potential time points
for intervention.

Conclusion
We found that weight gain during pregnancy did not differ
across antenatal health care provider groups. This suggests a

similar need for improvement in counselling to support
appropriate weight gain across all care provider types. Also,
the rates of adverse outcomes associated with gaining below,
within or above recommended levels did not differ according
to health care provider. In Ontario, a substantial proportion
of babies who are large for gestational age or small for gesta-
tional age and of cesarean deliveries could potentially be pre-
vented with appropriate weight gain during the woman’s
pregnancy. Further research exploring counselling techniques
and strategies for promoting optimal weight gain for pregnant
women would be beneficial.
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