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ABSTRACT 43 

 44 

Background 45 

This study examined whether type of antenatal health care provider (HCP) (family physician, obstetrician, 46 

midwife, family physician + obstetrician) was associated with differing rates of excess or inadequate 47 

gestational weight gain (GWG) and associated adverse outcomes including large for gestational age 48 

(LGA), small for gestational age (SGA), cesarean section, preterm birth.  49 

 50 

Methods  51 

This retrospective cohort study used data from the Better Outcomes Registry & Network, 2012-2016, for 52 

singleton hospital births at 20-42 weeks in Ontario, Canada. Descriptive statistics were calculated to 53 

summarize patient characteristics and outcomes by HCP. Crude and adjusted relative risks (RR) with 95% 54 

confidence intervals (CIs) were calculated for the exposure, GWG relative to each secondary outcome by 55 

HCP. Population attributable fractions (PAFs) with 95% CIs were calculated to assess the proportion of 56 

secondary outcomes that could be prevented if GWG not meeting the recommendation were removed by 57 

antenatal HCP. 58 

 59 

Results  60 

Rates of GWG below, within, or above recommendations were 13.7%, 31.0% and 55.3% respectively and 61 

did not differ across HCP groups. No difference was observed in rates of secondary outcomes according 62 

to GWG across HCPs. Excess GWG was associated with a significant risk for LGA and cesarean, 63 

inadequate GWG was associated with an increased risk of SGA and PTB. The PAFs indicated a 64 

pronounced contribution of excess GWG to LGA across all HCP groups. 65 

 66 

Interpretation 67 

GWG and rates of secondary outcomes associated with GWG did not differ according to antenatal HCP. 68 

A significant proportion of LGA, SGA, cesarean could be prevented with appropriate GWG. 69 

 70 

 71 

 72 

  73 
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Introduction 74 

Gestational weight gain (GWG) during pregnancy below or above the recommended guidelines 75 

significantly increases maternal, fetal and neonatal risks (1–4). The 2009 Institute of Medicine (IOM) 76 

guidelines for GWG, adopted by Health Canada, recommend that underweight women (BMI < 18.5 77 

kg/m
2
) gain 13 to 18 kg during pregnancy, normal weight women (BMI 18.5 to 24.9 kg/m

2
) gain 11 to 16 78 

kg, overweight women (BMI 25 to 29.9 kg/m
2
) gain 7 to 11 kg, and obese women (BMI 30 kg/m

2
 or 79 

more) gain only 5 to 9 kg (5). Excess GWG has been associated with an increased risk of gestational 80 

diabetes (1), gestational hypertension (4), augmentation of labour (3,4), cesarean section (3), birth trauma 81 

(3), neonatal macrosomia, and metabolic abnormalities (3,6), while inadequate GWG has been linked to 82 

fetal growth restriction, low birth weight and prematurity (2). Despite the robust literature in this area, 83 

GWG recommendations are often not met. Only 12% of Canadian women achieve the recommended 84 

GWG in pregnancy, and over half exceed the recommendations (6,7).  85 

Cogswell et al (1999) found that women who received correct advice from their health care 86 

provider (HCP) about GWG were more likely to achieve appropriate GWG than women who received 87 

incorrect advice or no counseling (8). While the majority of HCPs reported counseling women on 88 

appropriate GWG, 30-40% of women reported that they did not receive counseling (7,9,10), and only 89 

about a quarter reported being informed about risks associated with inappropriate GWG (11). Yamamoto 90 

et al. (2014) found that women seen by obstetricians were significantly less likely to receive diet and 91 

exercise counseling than those seen by other types of HCPs (12). This may be because OB/GYN 92 

appointments typically last ten minutes, providing less of an opportunity to discuss GWG, compared to 93 

appointments with family physicians or midwives, which often last 15 and 30-45 minutes, respectively 94 

(13). Despite this evidence, the role of HCPs in GWG has not been fully explored. 95 

The primary objective of this study was to examine whether type of antenatal HCP was 96 

associated with differing rates GWG. The secondary objective was to assess the association of GWG on 97 

adverse maternal and neonatal outcomes by antenatal HCP. We hypothesized that there would be 98 

differences in GWG by antenatal HCP due to variations in counselling approaches and patient populations 99 

of HCPs.  We anticipated that midwifery clients would be more likely to achieve GWG within 100 

recommendations.  101 

 102 

Methods  103 

Study Design 104 

We conducted a retrospective cohort study to compare the association of GWG by antenatal HCP and 105 

associated adverse maternal and neonatal outcomes for women who had a singleton hospital birth in 106 

Ontario, Canada between April 1, 2014 and March 31, 2016.   107 
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Setting 108 

Ontario is the most populous province in Canada consisting of approximately 14 million people, which is 109 

roughly 40% of the entire Canadian population (14). Permanent residents of Ontario receive universal 110 

health coverage under the government-funded provincial health insurance plan (OHIP) and therefore have 111 

equal access to the option of receiving antenatal care from a HCP of their choice.   112 

 113 

Study Population  114 

Women were identified using the Better Outcomes Registry & Network Information System (BIS) 115 

(https://www.bornontario.ca/en/about-born/), a province-wide registry of mothers and their newborns 116 

with 100% capture rate. Women included had a singleton hospital birth (live or stillbirth), a plausible 117 

body mass index (BMI) and GWG (i.e., 15-70 kg/m
2
 and -10 kg to 50 kg, respectively) and gestational 118 

age at delivery between 20 to 42 weeks. The BIS contains comprehensive information on maternal and 119 

newborn care including data on “maternal demographics, health behaviours, reproductive history and 120 

clinical information related to pregnancy, labour, and birth, fetal, and neonatal outcomes” (15).  121 

 122 

Exposure and outcomes 123 

Antenatal HCP corresponded to the HCP that provided the majority of antenatal care and included family 124 

doctor (FD), obstetrician (OB), midwife (MW) and family doctor + obstetrician (FD + OB). The FD + 125 

OB group comprises of women initially seen by an FD and then transferred to an OB. Women with a 126 

HCP corresponding to “other”, “unknown” or nurse practitioner were removed from our cohort, as they 127 

comprised a small proportion of the population. In the event a woman had multiple antenatal HCPs, an 128 

algorithm (Supplementary Table 1), developed a priori, was applied. 129 

GWG was defined as the difference in pre-pregnancy weight and final weight at delivery. The 130 

recommended weight gain in the 1
st
 trimester is between 0.5 to 2 kg, while weight gain recommendations 131 

for gestations ≤ 40 weeks in the 2
nd

 and 3
rd

 trimester are specific to pre-pregnancy BMI categories defined 132 

by the World Health Organization Guidelines and include a recommended weekly weight gain 133 

(Supplementary Table 2). The weekly weight gain in the second and third trimesters was obtained by 134 

subtracting 2 kg (the upper limit for the first trimester) from the total weight gain and dividing by the 135 

number of weeks in the 2
nd

 and 3
rd

 trimesters (obtained by subtracting the 13 weeks of the first trimester 136 

from the total number of weeks of pregnancy). For pregnancies exceeding 40 weeks, the same upper limit 137 

of weekly recommended GWG for the 2
nd

 and 3
rd

 trimester up to 40 weeks was applied for beyond 40 138 

weeks. 139 

The primary exposure of interest was antenatal HCP and the primary outcome was  140 
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 GWG below, within, or above the recommendations based on the IOM guidelines (5) after adjusting for 141 

gestational age as per above.   142 

The secondary outcomes were small for gestational age (SGA) < 10
th
 percentile and large for 143 

gestational age (LGA) > 90
th
 percentile, preterm birth (PTB) (live birth or stillbirth with a gestational age 144 

at delivery < 37 weeks), caesarean section (CS). The exposure of interest was antenatal HCP, which was 145 

assessed by stratifying the association of GWG and the secondary outcomes by antenatal HCP. Published 146 

Canadian reference values were used to ascertain SGA and LGA (17). 147 

Income and post-secondary completion quintiles were derived using postal code conversion plus 148 

(PCCF+) and the Canadian Census 2011, respectively, while remaining patient characteristic and 149 

outcome data were obtained from the BIS.   150 

 151 

Missing Data 152 

The level of missing in the BIS during our time period for pre-pregnancy BMI and final weight at 153 

delivery was 14.0% and 11.0% respectively. We took two steps to overcome this limitation. First, we 154 

identified pregnancies which could be linked to the Prenatal Screening Ontario (PSO) database to 155 

ascertain first trimester weight. This database contains data for approximately 70% of pregnancies in 156 

Ontario (15). Of those that successfully linked and had first trimester weight, maternal height and missing 157 

pre-pregnancy weight, the IOM first trimester upper recommended weight gain of 2 kg was subtracted 158 

from first trimester weight to estimate pre-pregnancy weight and subsequently calculate pre-pregnancy 159 

BMI (5). This reduced the level of missing for pre-pregnancy BMI from 14.0% to 10.8%.  160 

Second, the missing at random assumption was assessed and determined to be plausibly met by 161 

analyzing the frequency, pattern and reason for missing pre-pregnancy BMI. Multiple imputation was 162 

then performed to impute missing pre-pregnancy BMI and final weight at delivery using a chained 163 

equation approach on a subset of women with available pre-pregnancy weight (18). We created 11 164 

imputed datasets, as recommended by White et al. (2011), which were then combined across all datasets 165 

using Rubin’s rule to obtain final model estimates (19). Following imputation, the level of missing was 166 

reduced from 10.8% to 4.6% and from 11.0% to 1.4% for pre-pregnancy BMI and final weight at 167 

delivery, respectively. 168 

 169 

Analysis  170 

Descriptive statistics were calculated to summarize patient characteristics and outcomes by antenatal 171 

HCP. Absolute risk differences with 95% confidence intervals (CIs) were calculated to compare the 172 

proportion difference for GWG within, above, or below the recommendation by the primary exposure, 173 
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antenatal HCP for all possible combinations. An absolute risk difference with a standardized difference ≥ 174 

0.10 was assigned to indicate an importance difference (20–23). 175 

Multivariable Poisson regression models with robust error variance were run to calculate crude 176 

and adjusted relative risks (RR) with 95% CIs for the exposure GWG below or above recommendation 177 

relative to within recommendation stratified by antenatal HCP on the following secondary outcomes by 178 

antenatal HCP: SGA and LGA, PTB, and CS (24). Multivariable models to generate adjusted RRs were 179 

adjusted for confounders specific to each secondary outcome and were chosen based on clinical expertise 180 

and evidence in the literature (25–30). Confounders included in the multivariable models for SGA and 181 

LGA were as follows: maternal age, parity, gestational age at birth, pre-pregnancy BMI, income quintile, 182 

education quintile, smoking, depression, pre-existing diabetes, pre-existing hypertension and gestational 183 

diabetes mellitus. Confounders included in the multivariable models for CS and PTB were as follows: 184 

maternal age, parity, gestational age at birth, pre-pregnancy BMI, income quintile, education quintile, 185 

smoking, pre-existing diabetes, pre-existing hypertension, gestational diabetes mellitus, drug exposure, 186 

alcohol consumption, mental illness, previous: CS, term birth, PTB, vaginal birth, stillbirth, abortion; 187 

non-vertex presentation and male newborn. Generalized estimating equations were used in the models to 188 

account for multiple pregnancies for a woman within our cohort.  189 

Population attributable fractions (PAF) and 95% CIs, based on the adjusted RR, were calculated 190 

to assess the proportion of the adverse outcome that could be potentially prevented if GWG not meeting 191 

the recommendation were removed by antenatal HCP (31). Adjusted RRs and PAFs were visualized using 192 

forest plots. 193 

All analyses were conducted in Statistical Analysis Software Version 9.4 (Cary, NC) and ethics 194 

approval to conduct this study was obtained from the Hamilton Integrated Research Ethics Board.   195 

 196 

Results 197 

Our final cohort consisted of 231,697 women of whom 26,043 (11.2%), 136,994 (59.1%), 32,262 (13.9%) 198 

and 36,298 (15.7%) had an antenatal HCP corresponding to a FD, OB, MW and FD+OB respectively 199 

(Table 1). Maternal characteristics by antenatal HCP are summarized in Table 1. 200 

Overall, the percentages of total GWG below, within, or above recommendations were 13.7%, 201 

31.0% and 55.3%, respectively (Figure 2). There were no significant differences in the absolute risk 202 

differences for women gaining below, within or above GWG recommendations, stratified by antenatal 203 

HCP, with the exception of excess GWG between OB vs. shared cared between OB and FD (Table 2 and 204 

Supplementary Table 3). The absolute risk difference for OB vs. shared care between OB and FD for 205 

excess GWG was -5.1% (95% CI -5.7% to 4.5%). A trend toward those in midwifery care being less 206 
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likely to gain below recommended levels than those cared for by an obstetrician was observed (Absolute 207 

risk difference -3.0%, 95% CI -3.4% to -2.6%; Absolute Difference -0.09, 95% CI -0.10 to -0.08) 208 

The risks of adverse secondary outcomes were similar between women who gained below or 209 

above the recommended amounts, stratified by antenatal HCPs (Figures 3 and 4). Inadequate GWG was 210 

associated with a higher risk for SGA (aRR 1.37; 95% CI 1.32-1.42) and PTB (aRR 1.34; 95% CI 1.27-211 

1.41), but was protective for LGA (aRR 0.79; 95% CI 0.75-0.83) and was not associated with an 212 

increased risk for CS (aRR 0.98; 95% CI 0.96-1.00). Excess GWG was protective for SGA (aRR 0.63; 213 

95% CI 0.61-0.64) and was associated with a higher risk for LGA (aRR 1.88; 95% CI 1.82-1.94) as well 214 

as CS (aRR 1.10 95% CI 1.08-1.11). Excess GWG was not associated with an increased risk of PTB 215 

(aRR 1.00; 95% CI 0.96-1.04).   216 

No differences were observed in PAFs for all outcomes between antenatal HCP when women had 217 

adequate or inadequate GWG (Figure 5 & 6). Excess GWG was associated with a negative PAF (-23.6%, 218 

95% CI -28.4 to18.9%) for SGA, but was associated with a PAF of nearly 35% for LGA (PAF 34.3%, 219 

95% CI 32.7 to 35.8%). The PAFs for excess GWG were not significant for PTB although they were for 220 

CS (PAF 5.5%, 95% CI 4.1 to 6.8%). Inadequate GWG was associated with a slightly positive PAF for 221 

SGA (PAF 6.0%, 95% CI 5.1 to 7.0%) as well as PTB (PAF 4.7%, 95% CI 3.5% to 5.8%) and a slightly 222 

protective PAF for LGA (PAF -2.0%, 95% CI -3.2 to 0.8%). The PAFs for inadequate GWG were not 223 

significant for CS. 224 

 225 

Discussion 226 

To our knowledge, this is the first study examining GWG in pregnancy by type of antenatal HCP and we 227 

did not find a clinically significant association with excess or inadequate GWG by provider type, despite 228 

our hypothesis that different counseling techniques and approaches to care would result in differing 229 

GWG. A similar proportion of women gained below, within and above the recommendations across all 230 

antenatal HCP groups. Of note, over half of all women, regardless of antenatal HCP, had excessive GWG.  231 

 Standardized differences between the HCPs highlighted two findings. First, women in midwifery 232 

care may be slightly less likely to gain below recommended levels than those cared for by an obstetrician. 233 

Second, women in the FP + OB group were more likely to have excess GWG compared to women in the 234 

other provider groups. It is possible that the lack of continuous care provider may impact counselling 235 

about nutrition and exercise during pregnancy. Consistent and on-going counselling on these topics may 236 

play a role in raising awareness about appropriate GWG. We found no difference in the rates of the 237 

secondary outcomes according to GWG across HCP groups. This is an important finding given that 238 

women in Ontario can choose which HCP they see for their pregnancy, and the great variation in access 239 

to care and care providers throughout the province.  240 
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Our research adds to the growing evidence exploring the magnitude of the association of excess 241 

GWG being a significant risk for LGA and CS, while gaining below increases the risk of SGA and PTB 242 

(26,32–35).  Excess GWG contributes importantly to LGA (PAF 35%), as has been previously reported 243 

(34–38) and this was similar across all HCP groups. This finding demonstrates the critical need for 244 

promoting appropriate GWG to prevent a modifiable risk factor for maternal and neonatal morbidity.  245 

 Our study has several strengths including being the first to examine GWG according to care 246 

provider, and having a large sample size which enabled adjustment for a number of potential confounders. 247 

Our study has several limitations. Due to its retrospective nature, information on several potential 248 

confounding variables, such as history of previous LGA or SGA infant, was unavailable. Finally, we 249 

lacked data on per trimester weight gain, which could be a key factor for understanding potential time 250 

points for intervention.  251 

 252 

Conclusion  253 

Our study is the first to show that regardless of antenatal HCP, GWG did not differ. This suggests a 254 

similar need for improvement in counseling to support appropriate GWG across all types of care 255 

providers. Also, the rates of adverse outcomes associated with gaining above, below or within 256 

recommendations did not differ according to HCP. Among pregnant women in Ontario, a significant 257 

proportion of LGA, SGA and CS could potentially be prevented with appropriate GWG. Further research 258 

exploring counseling techniques and strategies for promoting optimal GWG would be beneficial. 259 

 260 

 261 

 262 

 263 

 264 

  265 
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TABLE 1: Maternal characteristics by antenatal health care provider      

Characteristic 
Antenatal Health Care Provider 

All (N = 231,697)  

N (%) 

FD (N = 26,043)  

N (%) 

OB (N = 136,994)  

N (%) 

MW (N = 32,362)  

N (%) 

FD + OB (N = 36,298)  

N (%) 

Maternal Age (y), n (%)           

≤ 24 30,896 (13.3%) 5,014 (19.3%) 16,215 (11.8%) 3,663 (11.3%) 6,004 (16.5%) 

25-29 64,476 (27.8%) 8,140 (31.3%) 35,950 (26.2%) 9,487 (29.3%) 10,899 (30%) 

30-34 84,644 (36.5%) 8,713 (33.5%) 50,335 (36.7%) 12,995 (40.2%) 12,601 (34.7%) 

≥ 35 51,681 (22.3%) 4,176 (16.0%) 34,494 (25.2%) 6,217 (19.2%) 6,794 (18.7%) 

Pre-pregnancy BMI (kg/m
2
)

1
, n (%)           

Underweight: BMI < 18.5 14,018 (6.1%) 1,440 (5.5%) 9,086 (6.6%) 1,608 (5%) 1,884 (5.2%) 

Normal weight:18.5 ≤ BMI <25 120,434 (52%) 13,337 (51.2%) 70,883 (51.7%) 18,401 (56.9%) 17,813 (49.1%) 

Overweight : 25 ≤ BMI < 30 55,712 (24.0%) 6,485 (24.9%) 32,820 (24.0%) 7,551 (23.3%) 8,856 (24.4%) 

Obese: BMI ≥ 30 41,533 (17.9%) 4,781 (18.4%) 24,205 (17.7%) 4,802 (14.8%) 7,745 (21.3%) 

Gestational Weight Gain (kg)
2
, n (%)           

GWG < recommended 31,804 (13.7%) 3,567 (13.7%) 19,936 (14.6%) 3,742 (11.6%) 4,559 (12.6%) 

GWG = recommended 71,777 (31.0%) 7,768 (29.8%) 43,270 (31.6%) 10,405 (32.2%) 10,334 (28.5%) 

GWG > recommended 128,116 (55.3%) 14,708 (56.5%) 73,788 (53.9%) 18,215 (56.3%) 21,405 (59%) 

Pre-existing diabetes, n (%) 2,149 (0.9%) 115 (0.4%) 1,544 (1.1%) 83 (0.3%) 407 (1.1%) 

Pre-existing hypertension, n (%) 1,875 (0.8%) 146 (0.6%) 1,293 (0.9%) 92 (0.3%) 344 (0.9%) 

Gestational Diabetes Mellitus, n (%) 14,849 (6.4%) 1,143 (4.4%) 10,245 (7.5%) 1,270 (3.9%) 2,191 (6.0%) 

Nulliparous, n (%) 100,347 (43.3%) 11,536 (44.3%) 57,781 (42.2%) 15,359 (47.5%) 15,671 (43.2%) 

Gravidity, n (%)           

Primigravid 74,634 (32.2%) 8,706 (33.4%) 42,540 (31.1%) 11,708 (36.2%) 11,680 (32.2%) 

Multigravid 155,619 (67.2%) 17,165 (65.9%) 93,187 (68%) 20,652 (63.8%) 24,615 (67.8%) 

Income quintile
3
, n (%)           

1 "lowest" 48,414 (20.9%) 5,769 (22.2%) 30,324 (22.1%) 5,560 (17.2%) 6,761 (18.6%) 

2 46,243 (20.0%) 5,041 (19.4%) 28,116 (20.5%) 6,199 (19.2%) 6,887 (19.0%) 

3 46,908 (20.2%) 5,255 (20.2%) 27,270 (19.9%) 6,594 (20.4%) 7,789 (21.5%) 

4 48,916 (21.1%) 5,227 (20.1%) 28,128 (20.5%) 7,402 (22.9%) 8,159 (22.5%) 

5 "highest" 37,207 (16.1%) 4,339 (16.7%) 20,683 (15.1%) 6,063 (18.7%) 6,122 (16.9%) 

Education quintile
4
, n (%)           

1 "lowest" 45,156 (19.5%) 6,479 (24.9%) 21,450 (15.7%) 6,808 (21%) 10,419 (28.7%) 

2 45,027 (19.4%) 5,675 (21.8%) 23,799 (17.4%) 6,651 (20.6%) 8,902 (24.5%) 

3 44,908 (19.4%) 4,794 (18.4%) 27,549 (20.1%) 6,093 (18.8%) 6,472 (17.8%) 
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4 44,646 (19.3%) 3,756 (14.4%) 29,796 (21.7%) 5,857 (18.1%) 5,237 (14.4%) 

5 "highest" 44,294 (19.1%) 3,671 (14.1%) 30,088 (22.0%) 6,273 (19.4%) 4,262 (11.7%) 

Missing 7,666 (3.3%) 1,668 (6.4%) 4,312 (3.1%) 680 (2.1%) 1,006 (2.8%) 

Mental illness, n (%)  35,271 (15.2%) 4,832 (18.6%) 16,291 (11.9%) 6,867 (21.2%) 7,281 (20.1%) 

Depression, n (%)  17,196 (7.4%) 2,502 (9.6%) 7,591 (5.5%) 3,246 (10.0%) 3,857 (10.6%) 

Alcohol consumption during pregnancy, n 

(%) 5,665 (2.4%) 899 (3.5%) 2,772 (2%) 846 (2.6%) 1,148 (3.2%) 

Smoking during pregnancy, n (%) 

Yes 23,342 (10.1%) 4,063 (15.6%) 12,065 (8.8%) 1,880 (5.8%) 5,334 (14.7%) 

Missing 9,079 (3.9%) 979 (3.8%) 7,668 (5.6%) 202 (0.6%) 230 (0.6%) 

Drug exposure during pregnancy, n (%)  4,542 (2.0%) 954 (3.7%) 2,202 (1.6%) 407 (1.3%) 979 (2.7%) 

Prenatal Classes, n (%) 

Yes 51,293 (22.1%) 6,127 (23.5%) 26,951 (19.7%) 10,120 (31.3%) 8,095 (22.3%) 

Missing 16,810 (7.3%) 1,943 (7.5%) 10,928 (8.0%) 2,460 (7.6%) 1,479 (4.1%) 

Previous preterm birth, n (%) 12,256 (5.3%) 1,034 (4.0%) 8,075 (5.9%) 1,305 (4.0%) 1,842 (5.1%) 

Previous caesarean birth, n (%) 34,652 (15.0%) 2,283 (8.8%) 23,543 (17.2%) 2,842 (8.8%) 5,984 (16.5%) 

Previous abortion (A), n (%) 75,100 (32.4%) 8,134 (31.2%) 45,102 (32.9%) 9,947 (30.7%) 11,917 (32.8%) 

Previous term birth, n (%) 124,036 (53.5%) 13,905 (53.4%) 74,108 (54.1%) 16,352 (50.5%) 19,671 (54.2%) 

Previous vaginal birth, n (%) 96,788 (41.8%) 12,132 (46.6%) 55,108 (40.2%) 14,366 (44.4%) 15,182 (41.8%) 

Previous stillbirth, n (%) 3,097 (1.3%) 226 (0.9%) 2,241 (1.6%) 280 (0.9%) 350 (1.0%) 

Non-vertex presentation, n (%) 9,190 (4.0%) 707 (2.7%) 5,536 (4.0%) 1,270 (3.9%) 1,677 (4.6%) 

Missing 16,179 (7.0%) 1,655 (6.4%) 13,189 (9.6%) 328 (1.0%) 1,007 (2.8%) 

Male newborn, n (%) 118,794 (51.3%) 13,331 (51.2%) 70,254 (51.3%) 16,713 (51.6%) 18,496 (51.0%) 

Data Sources: BORN Ontario (2014-

2016)           

Cohort definition: Women who had a singleton birth of whom had plausible BMI and 

GWG available.        

Abbreviations: FD, Family Doctor; OB, Obstetrician; MW, Midwife; HCP, Healthcare 

Provider       

* refers to p-value <0.05 and based on the chi-square test         

Notes:           
1
 Pre-pregnancy BMI categories reflect WHO classification          

2
 Total gestational weight gain recommended for singleton pregnancies based on a 

woman’s pre-pregnancy BMI (adapted from: IOM, 2009)       
      3

 Income quintiles are derived from Postal Code Conversion File Plus + 2013 and are based on postal code 
4
 Education quintiles reflect post-secondary completion and are derived from the Census 2011 using postal code     

   Missing reported for characteristics with a percentage of missing greater than 2%       
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TABLE 2: Absolute differences in the proportions of women gaining below, within or above gestational weight gain 

recommendations, stratified by antenatal health care provider  

 

Antenatal Health Care 

Provider 

Absolute Difference 

(95% Confidence Interval) 

GWG < Recommended GWG = Recommended GWG > Recommended 

MW vs. OB 
-3.0% (-3.4% to -2.6%) 0.6% (0.0% to 1.1%) 2.4% (1.8% to 3.0%) 

MW vs. FD 
-2.1% (-2.7% to -1.6%) 2.3% (1.6% to 3.1%) -0.2% (-1.0% to 0.6%) 

MW vs. FD+OB 
-1.0% (-1.5% to -0.5%) 3.7% (3.0% to 4.4%) -2.7% (-3.4% to -1.9%) 

FD vs. OB 
-0.9% (-1.3% to -0.4%) -1.8% (-2.4% to -1.2%) 2.6% (2.0% to 3.3%) 

FD vs. FD+OB 
1.1% (0.6% to 1.7%) 1.4% (0.6% to 2.1%) -2.5% (-3.3% to -1.7%) 

OB vs. FD+OB 
2.0% (1.6% to 2.4%) 3.1% (2.6% to 3.6%) -5.1% (-5.7% to -4.5%) 

Abbreviations: MW, Midwife; FD, Family Doctor; OB, Obstetrician; GWG, Gestational Weight Gain 
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FIGURE 1. Cohort selection by antenatal health care provider 

 

Pregnancies with a singleton hospital birth in Ontario 

who delivered 20 ≥ gestational age at birth ≤  42 

weeks during April 2014-March 2016

(N = 266,545)

Pregnancies with an antenatal health care provider 

within inclusion criteria 

(N =249,918, 93.8%)

Pregnancies with non-missing gestational weight 

gain within -10 to 50 kg 

(N =231,697, 86.9% )

Excluded pregnancies with antenatal 

healthcare provider outside of inclusion 

criteria (N = 16,627, 6.2%)

Pregnancies with non-missing BMI within 15-70 kg/

m2 

(N = 238,039, 89.3%)

Excluded pregnancies with missing BMI or BMI 

outside of plausible range (N = 11,879 , 4.8%)

Excluded pregnancies with missing gestational 

weight gain or gestational weight gain outside of 

plausible range (N = 6,342, 2.7%)

Family Doctor

(N =26,043, 11.2%)

Obstetrician

(N =136,994, 59.1%)

Midwife

(N =32,262, 13.9%)

Family Doctor + 

Obstetrician

(N =36,298, 15.7%)

Antenatal health care provider
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FIGURE 3. Adjusted relative risk of SGA, LGA, PTB, cesarean among pregnancies with a GWG < recommended relative 

to those with GWG within the guidelines, stratified according to antenatal health care provider 

 

 
 

 

Data Sources: BORN Ontario (2014-2016) 

Abbreviations: CI, confidence interval; FD, Family Doctor; OB, Obstetrician; MW, Midwife; HCP, Healthcare Provider; 

GWG, Gestational Weight Gain; PTB, preterm birth; SGA, Small for gestational age; LGA, Large for gestational age  

Notes: 1Adjusted for maternal age, parity, gestational age at birth, pre-pregnancy BMI, income quintile, education quintile, smoking, 

depression, pre-existing diabetes, pre-existing hypertension and gestational diabetes mellitus 
2Adjusted for maternal age, parity, gestational age at birth, pre-pregnancy BMI, income quintile, education quintile, smoking, pre-

existing diabetes, pre-existing hypertension, gestational diabetes mellitus, drug exposure, alcohol consumption, mental illness, 

previous: caesarean, term birth, preterm birth, vaginal birth, stillbirth, abortion; non-vertex presentation and male newborn  
3 SGA<10 defined as birth weight less than the 10th centile as per the Canadian reference population adjusted for gestational age; 

Kramer et al. (2001) 
4 LGA>90 defined as birth weight greater than the 90th centile as per the Canadian reference population adjusted for gestational age; 

Kramer et al. (2001) 
5 PTB defined as a live birth or stillbirth < 37 weeks (gestational age at birth) 

 

 

Page 21 of 28

For Peer Review Only

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Confidential

FIGURE 4. Adjusted relative risk of SGA, LGA, PTB, cesarean among pregnancies with a GWG > recommended relative 

to those with GWG within the guidelines, stratified according to antenatal health care provider 

 

 

 

 

Data Sources: BORN Ontario (2014-2016) 

Abbreviations: CI, confidence interval; FD, Family Doctor; OB, Obstetrician; MW, Midwife; HCP, Healthcare Provider; 

GWG, Gestational Weight Gain; PTB, preterm birth; SGA, Small for gestational age; LGA, Large for gestational age  

Notes: 1Adjusted for maternal age, parity, gestational age at birth, pre-pregnancy BMI, income quintile, education quintile, smoking, 

depression, pre-existing diabetes, pre-existing hypertension and gestational diabetes mellitus 
2Adjusted for maternal age, parity, gestational age at birth, pre-pregnancy BMI, income quintile, education quintile, smoking, pre-

existing diabetes, pre-existing hypertension, gestational diabetes mellitus, drug exposure, alcohol consumption, mental illness, 

previous: caesarean, term birth, preterm birth, vaginal birth, stillbirth, abortion; non-vertex presentation and male newborn  
3 SGA<10 defined as birth weight less than the 10th centile as per the Canadian reference population adjusted for gestational age; 

Kramer et al. (2001) 
4 LGA>90 defined as birth weight greater than the 90th centile as per the Canadian reference population adjusted for gestational age; 

Kramer et al. (2001) 
5 PTB defined as a live birth or stillbirth < 37 weeks (gestational age at birth) 
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FIGURE 5. Population attributable fractions of SGA, LGA, PTB, and cesarean for GWG > recommended relative to 

those with GWG within the guidelines, stratified according to antenatal health care provider 

 

 
Data Sources: BORN Ontario (2014-2016) 

Abbreviations: CI, confidence interval; FD, Family Doctor; OB, Obstetrician; MW, Midwife; HCP, Healthcare Provider; 

GWG, Gestational Weight Gain; PTB, preterm birth; SGA, Small for gestational age; LGA, Large for gestational age  

Notes:  
1 SGA<10 defined as birth weight less than the 10th centile as per the Canadian reference population adjusted for gestational age; 

Kramer et al. (2001) 
2 LGA>90 defined as birth weight greater than the 90th centile as per the Canadian reference population adjusted for gestational 

age; Kramer et al. (2001) 
3 PTB defined as a live birth or stillbirth < 37 weeks (gestational age at birth) 
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FIGURE 6. Population attributable fractions of SGA, LGA, PTB, and cesarean for GWG < recommended 

relative to those with GWG within the guidelines, stratified according to antenatal health care provider 

 

 

 
Data Sources: BORN Ontario (2014-2016) 

Abbreviations: CI, confidence interval; FD, Family Doctor; OB, Obstetrician; MW, Midwife; HCP, Healthcare 

Provider; GWG, Gestational Weight Gain; PTB, preterm birth; SGA, Small for gestational age; LGA, Large for 

gestational age  

Notes:  
1 SGA<10 defined as birth weight less than the 10th centile as per the Canadian reference population adjusted for 

gestational age; Kramer et al. (2001) 
2 LGA>90 defined as birth weight greater than the 90th centile as per the Canadian reference population adjusted for 

gestational age; Kramer et al. (2001) 
3 PTB defined as a live birth or stillbirth < 37 weeks (gestational age at birth) 
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SUPPLEMENTARY TABLE 1: Multiple health care provider assignment algorithm 

The following algorithm was applied to assign antenatal HCP in cases where a woman had multiple 

HCPs.  
Midwife + Obstetrician: 

 

A woman would be assigned to the midwife group, with the 

assumption that she started her pregnancy with a midwife and was 

transferred to an obstetrician, where shared care was followed. The 

assumption will be the majority of antenatal care would be 

provided by the midwife. 

 

Family Physician + Obstetrician: 

 

It is not uncommon for women to see their family physician until 

32 weeks and then have their care transferred to an obstetrician. An 

assumption cannot be applied reliably for this scenario and thus 

Family Physician + Obstetrician will comprise a category in itself. 

 

Family Physician + Midwife 

 

A woman would be assigned to the midwife group as this generally 

represents the scenario where a woman was seen by a family 

physician once and transferred to a midwife for the remainder of 

their care. 

 

Family Physician + Midwife + Obstetrician 

 

A woman would be assigned to the midwife group for this 

scenario. This generally represents a scenario where a woman was 

initially seen by a family physician and was subsequently 

transferred to a midwife and is then later transferred to an 

obstetrician. The midwife and the obstetrician will follow a shared 

care model, where the midwife will provide the majority of 

antenatal care. 

 

 

 

Page 25 of 28

For Peer Review Only

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Confidential

����������	
���	�������������������������������������������������������������� �����������!����������

�����"�� ��# �������$��%�&��� ����������%'�(��))*+,�

�

���# �������$��%�&-�.��+� 
�����������������/0/�

&-�+�

0��-�$�
����������������

�����������1�������������

&-�.���-+�

��������	
������������� ������������ ����������

����������	
����������������� ������������ �� �������

!"�����	
������������� �� #���������� ��� ���  �

!$�%������&� �� ������'��� ���#����#�

�

�
��%���(����)�����*���+����������,�%���*
�-�(�*���-������������,��.�������/
�����������0*������%�-����*������,�1���%�)(�����

$2������������%���(��%��)�3����
������,�%�(%%���4�+�5�6�����07+���%��8��	
��9����:(���	�;��	���*2��,��.������	��
��

9(�������%��8�%
��	����<:-=�����������0*������%�;��%%�<�>=�

���������0*����2��)�>*���*�%+����'��

�

Page 26 of 28

For Peer Review Only

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Confidential

SUPPLEMENTARY TABLE 3: Standardized differences of total gestational weight gain stratified by antenatal health 
care provider  

 

Antenatal Health Care Provider Standardized Difference 

(95% Confidence Interval) 

GWG < Recommended GWG = Recommended GWG > Recommended 

MW vs. OB 
-0.09 (-0.10 to -0.08) 0.01 (0.00 to 0.02) 0.05 (0.04 to 0.06) 

MW vs. FD 
-0.06 (-0.08 to -0.04) 0.05 (0.03 to 0.07) 0.00 (-0.02 to 0.02) 

MW vs. FD+OB 
-0.03 (-0.04 to -0.02) 0.08 (0.07 to 0.09) -0.05 (-0.06 to -0.04) 

FD vs. OB 
-0.02 (-0.03 to -0.01) -0.04 (-0.05 to -0.03) 0.05 (0.04 to 0.06) 

FD vs. FD+OB 
0.03 (0.01 to 0.05) 0.03 (0.01 to 0.05) -0.05 (-0.07 to -0.03) 

OB vs. FD+OB 
0.06 (0.05 to 0.07) 0.07 (0.06 to 0.08) -0.10 (-0.11 to -0.09)* 

*A standardized difference greater than 0.10 indicates an important difference  

Abbreviations: MW, Midwife; FD, Family Doctor; OB, Obstetrician; GWG, Gestational Weight Gain 
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SUPLEMENTARY TABLE 4: Rate (%) and adjusted relative risk of adverse maternal and neonatal outcomes with gestational weight gain 

                  

Outcome 
Antenatal 

HCP 

GWG < 

recommended 

(n, %) 

GWG = 

recommended 

(n, %) 

GWG > 

recommended 

(n,%) 

GWG < recommended GWG > recommended     

Crude RR 

(95% CI) 

Adjusted RR 

(95% CI) 

Crude RR 

(95% CI) 

Adjusted RR 

(95% CI)     

SGA <101 FD 538 (15.1%) 817 (10.5%) 895 (6.1%) 1.42 (1.29-1.58) 1.43 (1.28-1.59) 0.58 (0.53-0.63) 0.59 (0.53-0.65)     

  OB 3,190 (16%) 5,317 (12.3%) 5,543 (7.5%) 1.30 (1.25-1.36) 1.34 (1.28-1.4) 0.61 (0.59-0.63) 0.64 (0.62-0.66)     

  MW 488 (13%) 949 (9.1%) 993 (5.5%) 1.44 (1.3-1.59) 1.44 (1.29-1.59) 0.60 (0.55-0.65) 0.61 (0.56-0.67)     

  FD + OB 656 (14.4%) 1,097 (10.6%) 1,310 (6.1%) 1.35 (1.24-1.48) 1.38 (1.26-1.52) 0.58 (0.53-0.62) 0.61 (0.57-0.66)     

  All 4,872 (15.3%) 8,180 (11.4) 8,741 (6.8%) 1.34 (1.3-1.39) 1.37 (1.32-1.42) 0.60 (0.58-0.62) 0.63 (0.61-0.64)     

LGA>902 FD 203 (5.7%) 482 (6.2%) 1,951 (13.3%) 0.92 (0.79-1.08) 0.79 (0.67-0.94) 2.13 (1.94-2.35) 1.99 (1.79-2.21)     

  OB 1,010 (5.1%) 2,389 (5.5%) 9,186 (12.4%) 0.92 (0.86-0.99) 0.82 (0.76-0.88) 2.25 (2.15-2.35) 1.94 (1.85-2.03)     

  MW 245 (6.5%) 835 (8%) 2,645 (14.5%) 0.81 (0.71-0.93) 0.72 (0.63-0.83) 1.80 (1.67-1.94) 1.69 (1.56-1.82)     

  FD + OB 284 (6.2%) 732 (7.1%) 3,085 (14.4%) 0.88 (0.77-1.00) 0.77 (0.68-0.88) 2.03 (1.88-2.19) 1.85 (1.71-2.00)     

  All 1,742 (5.5%) 4,438 (6.2%) 16,867 (13.2%) 0.89 (0.84-0.94) 0.79 (0.75-0.83) 2.12 (2.05-2.19) 1.88 (1.82-1.94)     

PTB3 FD 201 (5.6%) 314 (4%) 625 (4.2%) 1.39 (1.17-1.65) 1.31 (1.09-1.57) 1.05 (0.92-1.2) 1.02 (0.88-1.17)     

  OB 1,666 (8.4%) 2,573 (5.9%) 4,714 (6.4%) 1.41 (1.32-1.49) 1.29 (1.22-1.38) 1.07 (1.03-1.13) 1.03 (0.98-1.08)     

  MW 235 (6.3%) 430 (4.1%) 805 (4.4%) 1.52 (1.3-1.77) 1.48 (1.26-1.73) 1.07 (0.95-1.2) 1.02 (0.91-1.15)     

  FD + OB 387 (8.5%) 596 (5.8%) 1,176 (5.5%) 1.46 (1.29-1.65) 1.37 (1.21-1.55) 0.95 (0.86-1.04) 0.91 (0.83-1.01)     

  All 2,489 (7.8%) 3,913 (5.5%) 7,320 (5.7%) 1.43 (1.37-1.51) 1.33 (1.26-1.4) 1.05 (1.01-1.09) 1.01 (0.97-1.05)     

Cesarean
3 FD 585 (16.4%) 1,258 (16.2%) 3,217 (21.9%) 1.01 (0.92-1.1) 1.02 (0.94-1.11) 1.34 (1.27-1.42) 1.23 (1.16-1.30)     

  OB 5,464 (27.4%) 11,848 (27.4%) 24,397 (33.1%) 1.00 (0.97-1.03) 0.99 (0.96-1.01) 1.20 (1.18-1.22) 1.12 (1.1-1.14)     

  MW 592 (15.8%) 1,720 (16.5%) 4,101 (22.5%) 0.96 (0.88-1.04) 0.96 (0.89-1.03) 1.36 (1.29-1.43) 1.20 (1.14-1.25)     

  FD + OB 1,197 (26.3%) 2,689 (26%) 6,627 (31%) 1.00 (0.95-1.06) 0.95 (0.91-1.00) 1.18 (1.14-1.23) 1.10 (1.06-1.13)     

  All 7,838 (24.6%) 17,515 (24.4%) 38,342 (29.9%) 1.01 (0.99-1.03) 0.98 (0.96-1.00) 1.21 (1.2-1.23) 1.10 (1.08-1.11)     

Data Sources: BORN Ontario (2014-2016)                 

Abbreviations: FD, Family Doctor; OB, Obstetrician; MW, Midwife; HCP, Healthcare Provider; GWG, Gestational Weight Gain; RR, Relative Risk; PTB, preterm 

birth; SGA, Small for gestational age; LGA, Large for gestational age      

Notes: 1Adjusted for maternal age, parity, gestational age at birth, pre-pregnancy BMI, income quintile, education quintile, smoking, depression, pre-existing diabetes, pre-

existing hypertension   
2Adjusted for maternal age, parity, gestational age at birth, pre-pregnancy BMI, income quintile, education quintile, smoking, depression, pre-existing diabetes, pre-existing 

hypertension, gestational diabetes mellitus  
3Adjusted for maternal age, parity, gestational age at birth, pre-pregnancy BMI, income quintile, education quintile, smoking, pre-existing diabetes, pre-existing hypertension, 

gestational diabetes mellitus, drug exposure, alcohol consumption, mental illness, previous: caesarean, term birth, preterm birth, vaginal birth, stillbirth, abortion; non-vertex 

presentation, male newborn 
4 SGA<10 defined as birth weight less than the 10th centile as per the Canadian reference population adjusted for gestational age and sex;         
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Kramer et al. (2001) 
5 LGA>90 defined as birth weight greater than the 90th centile as per the Canadian reference population adjusted for gestational age and 

sex; Kramer et al. (2001)         
6 PTB defined as a live birth or stillbirth < 37 weeks (gestational age at birth)               
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