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Cesarean delivery is a valuable and often life-saving 
intervention.1 However, the rapid, widespread 
increase in its use has not been associated with 

improved health outcomes, and there are risks associated 
with the procedure.1–4 The World Health Organization has 
suggested a target cesarean delivery rate of 10%–15% or 
less,5 which is exceeded by many countries, including Can-
ada (27%).6 Therefore, investigation into the factors that 
contribute to lower cesarean delivery rates are increasingly 
of interest.7

Some authors have found family physicians to have cesar-
ean delivery rates that are lower than8–10 or equivalent to11 
those for obstetricians. Although those studies all controlled 
for differences in measured risk factors for cesarean delivery, 
the results may still be explained by incomplete adjustment 
for family physicians’ low-risk patient population.11 However, 
other authors have suggested that marginalized populations 
may preferentially chose to have a family physician attend the 

birth, thereby increasing the risk profile of the family physi-
cian patient population for different reasons.7,11 It is also pos-
sible that some types of provider are more diligent at coding 
the risk factors of their patients, confounding research that 
depends on such documentation.

Some authors have compared cesarean delivery rates by 
limiting the population studied to low-risk patients.9,12,13 This 
creates a more homogeneous cohort, which is more easily 
studied but is less representative of the wider population. 
There is a need, therefore, for a method of analysis that can 
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Background: Previous research suggests that family physicians have rates of cesarean delivery that are lower than or equivalent 
to those for obstetricians, but adjustments for risk differences in these analyses may have been inadequate. We used an econometric 
method to adjust for observed and unobserved factors affecting the risk of cesarean delivery among women attended by family physi-
cians versus obstetricians.

Methods: This retrospective population-based cohort study included all Canadian (except Quebec) hospital deliveries by family 
physicians and obstetricians between Apr. 1, 2006, and Mar. 31, 2009. We excluded women with multiple gestations, and newborns 
with a birth weight less than 500 g or gestational age less than 20 weeks. We estimated the relative risk of cesarean delivery using 
instrumental-variable–adjusted and logistic regression.

Results: The final cohort included 776 299 women who gave birth in 390 hospitals. The risk of cesarean delivery was 27.3%, and the 
mean proportion of deliveries by family physicians was 26.9% (standard deviation 23.8%). The relative risk of cesarean delivery for 
family physicians versus obstetricians was 0.48 (95% confidence interval [CI] 0.41–0.56) with logistic regression and 1.27 (95% CI 
1.02–1.57) with instrumental-variable–adjusted regression.

Interpretation: Our conventional analyses suggest that family physicians have a lower rate of cesarean delivery than obstetricians, 
but instrumental variable analyses suggest the opposite. Because instrumental variable methods adjust for unmeasured factors and 
traditional methods do not, the large discrepancy between these estimates of risk suggests that clinical and/or sociocultural factors 
affecting the decision to perform cesarean delivery may not be accounted for in our database.
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accommodate the entire population served, and this is what 
the instrumental variable approach provides. Instrumental 
variable adjustment acts like a “natural randomization of 
patients”14 into cohorts with differing probabilities of receiv-
ing the treatment of interest, thereby decreasing heterogene-
ity across the treatment groups. For these reasons, instru-
mental variable methods are preferred when residual or 
unmeasured confounders may affect results such as for the 
study question addressed in the current study (cesarean deliv-
ery rates among family physicians versus obstetricians). Esti-
mates from instrumental variable and traditional methods are 
usually similar; however, despite meeting all of the necessary 
criteria to use instrumental variable methods, we found a 
large, unexpected discrepancy between our results, with tra-
ditional analyses suggesting the expected lower rate of cesar-
ean delivery among family physicians and instrumental vari-
able analyses suggesting the opposite. This large discrepancy 
therefore became the focus of this paper rather than arguing 
for the increased accuracy of the instrumental variable 
results, as originally intended.

Methods

Study design, data sources and population
We accessed maternal and neonatal Discharge Abstract Data-
base records from the Canadian Institute for Health Informa-
tion. This database captures clinically significant diagnoses 
with high sensitivity and specificity15,16 and has been used for 
numerous studies of obstetrical outcomes.4,17–25 We linked 
records to Statistics Canada census socioeconomic informa-
tion using the maternal 6-digit postal code, released in a 
2-step process to protect privacy (Appendix 1, available at 
www.cmajopen.ca/content/5/4/E823/suppl/DC1), and the 
Postal Code Conversion File.26 Multiple gestations and 
infants with a birth weight less than 500 g or gestational age 
less than 20 weeks at delivery were excluded.27,28

Setting
This analysis was conducted on data collected for another 
study of births between Apr. 1, 2006, and Mar. 31, 2009, at all 
Canadian hospitals except those in Quebec.29 Primary and 
repeat cesarean delivery rates have remained stable, at 18.5% 
and 82.4%, respectively, in 2008/09, compared with 18.8% 
and 81% in 2015/16.30 Therefore, we feel this study’s data 
should still be applicable today.

Record linkage and group assignment
We linked neonatal records to the corresponding maternal 
record to adjust for perinatal factors that may have affected 
the decision to perform cesarean delivery. Linkage was con-
ducted with the use of a variable provided by the Canadian 
Institute for Health Information or through probabilistic link-
age using additional variables. Infant records that could not be 
matched to a single woman were excluded. Our database 
included 10 variables to record the types of care providers and 
their roles. We assigned records to the family physician group 
if a family physician was coded at any point as the most 

responsible provider. Deliveries by midwives were designated 
in a similar fashion but were excluded from the analysis 
because the sample size was insufficient to obtain precise 
results with the use of the primary statistical method. This 
classification appropriately assigns women for whom delivery 
by a family physician was planned but who experienced intra-
partum complications necessitating transfer to an obstetrician 
or other provider (e.g.,  for cesarean delivery). However, this 
approach may bias against family physicians in some hospitals 
where care is shared between family physicians and obstetri-
cians; in those models, women at high risk (and the higher 
cesarean rate) for whom delivery by an obstetrician is planned 
are often admitted under the family physician. The remaining 
women were categorized into the obstetrician group if the 
delivery provider was an obstetrician. All remaining records 
were excluded. We conducted sensitivity analyses testing dif-
ferent methods of group assignment and stratifying the cohort 
by whether they had had a prior cesarean delivery.

Instrumental variable analysis
Instrumental-variable–adjusted regression is an econometric 
technique that adjusts for unmeasured confounding variables 
in observational studies. An instrumental variable predicts the 
receipt of treatment (e.g., delivery by family physician) but is 
not directly associated with outcomes (e.g., cesarean delivery), 
except through its effect on treatment. In contrast, confound-
ing variables are associated with both the receipt of treatment 
and outcomes.

For this study, we looked at the women living within the 
catchment area of each local hospital and took the instru-
mental variable to be the proportion of those women whose 
baby was delivered by a family physician.14,29 Thus, we 
assumed that living in an area with a relatively high frequency 
of delivery by family physician increases the likelihood of 
delivery by a family physician (treatment) without directly 
acting as a risk factor for cesarean delivery (outcome) itself. 
This is the same instrumental variable that has previously 
been used effectively in obstetrical29 and cardiac14 studies. 
Institutional culture may influence cesarean delivery rates 
and may itself be influenced by the proportion of delivery 
providers who are family physicians; however, this association 
is not clear. If this association between family physicians, 
institutional culture and cesarean rates is real, this would vio-
late the assumptions necessary for instrumental variable anal-
yses. However, because the association is small, if any, we feel 
that it is unlikely to explain the large difference between the 
results from conventional and instrumental variable analyses 
outlined below.

To appropriately adjust for unmeasured variables, the 
instrumental variable must not be directly associated with 
them. Because these variables are unmeasured, it is not possi-
ble to verify this requirement. However, it is customary in 
instrumental variable studies to compare measured variables 
to ensure relative consistency across categories of the instru-
mental variable and to assume that unmeasured variables vary 
in a similar fashion. For additional discussion regarding 
instrumental variable techniques, see Appendix 1.
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Hospital catchment areas
We defined hospital catchment areas using methods devel-
oped and widely used by the Dartmouth Atlas Project for 
comparative health services research in the United States.31 
Postal codes were assigned to a hospital if a plurality of 
patients living within the postal code were admitted to that 
hospital for their acute inpatient care. We used all (not just 
obstetrical) visits to acute care hospitals for the study period 
to assign patient postal codes to a hospital.

Study outcome
The study outcome was the relative risk of cesarean delivery 
among women managed primarily by family physicians com-
pared to those managed by obstetricians. Cesarean deliveries 
were identified if any of the procedure variables included the 
Canadian Classification of Interventions32 code 5.MD.60. If 
family physicians were less comfortable performing proce-
dural vaginal deliveries (vacuum- and forceps-assisted deliv-
ery) than obstetricians, this might increase their likelihood of 
choosing cesarean delivery. We therefore analyzed the rate of 
procedural vaginal delivery and of all procedural deliveries as 
secondary outcomes. The additional codes included in this 
outcome were 5.MD.53–55. For information on hospital ser-
vice level and other covariates, see Appendix 1.

Statistical analysis
The primary statistical approach used the generalized method 
of moments to estimate multiplicative structural mean models 
with published Stata syntax.33 The most straightforward appli-
cation of instrumental variable methods, 2-stage least-squares, 
applies similar concepts as our instrumental variable approach 
and therefore may help illustrate our method. In 2-stage least-
squares approach, the first stage is a conventional regression 
analysis, but with the treatment of interest (rather than the 
outcome) as the dependent variable. The first stage of the 
2-stage least-squares approach is equivalent to deriving a pro-
pensity score. The predicted probability of receiving the treat-
ment of interest for each patient is then calculated from the 
first-stage regression, and this probability is entered as a 
covariate in the second-stage regression, which has the out-
come of interest as the dependent variable. Instrumental vari-
able methods are described in plain language elsewhere.34 The 
generalized method of moments is thought to be the most 
robust method of estimation for instrumental variable models 
with a dichotomous outcome and a continuous instrumental 
variable.33,35 We also used logistic regression for comparison 
purposes, and we estimated risk ratios from these models as 
described previously.36 Analyses were conducted with the use 
of Stata version 13.1, and all models were adjusted for cluster-
ing at the hospital level.

Ethics approval
Ethics approval was granted by the Memorial University 
Human Investigations Committee. Data release was guided 
by the privacy regulations of the ethics board and of the 
Canadian Institute for Health Information. Patient consent 
was not required.

Results

The study cohort and exclusions are outlined in Figure 1. The 
final cohort included 776 299 women who gave birth in 
390 hospitals. The risk of cesarean delivery was 27.3%, and the 
mean proportion of deliveries by family physicians was 26.9% 
(standard deviation 23.8%). Table 1 presents selected charac-
teristics of the study population, including the unadjusted cesar-
ean delivery rates, by provider type. The differences between 
the family physician and obstetrician groups for most of these 
variables was small, with the exception of the rate of prior 
cesarean delivery and the annual mean provider delivery vol-
ume (67.3 for family physicians, 266.3 for obstetricians). All 
comparisons showed that obstetricians cared for a higher-risk 
population than did family physicians. Table 2 presents selected 
characteristics of the delivery providers, hospitals and women 
across family physician delivery quintiles at the home hospital.

The main study findings are presented in Table 3. Logistic 
regression estimates suggest that women cared for by family 
physicians had a lower risk of cesarean delivery, whereas the 
findings from instrumental-variable–adjusted analyses sug-
gested the opposite, and both results were statistically signifi-
cant. Table 3 also shows that the rate of forceps- and vacuum-
assisted delivery were equivalent between the 2 groups, which 

Neonatal records for births 
at hospitals in Canada 

(except Quebec), Apr. 1, 
2006–Mar. 31, 2009

n = 857 068

Excluded: not linkable  
n = 2937

Linked to maternal record
n = 854 131

Excluded  n = 63 772
• Multiple gestation  n = 24 501
• Birth weight < 500 g  n = 2328 
• Small hospital*  n = 19
• Other provider  n = 36 924

Eligible records
n = 790 359

Excluded  n = 14 060
• Missing birth weight  n = 79
• Missing maternal age  n = 1
• Missing postal code variables  

n = 13 980

Records included
n = 776 299

Figure 1: Flow diagram showing cohort selection. *Hospitals with 
fewer than 20 cesarean deliveries performed in women living within 
their catchment area.
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indicates that a lack of comfort with forceps and vacuum does 
not explain the increased cesarean delivery rate among family 
physicians.

Strength of instrumental variable
Our instrumental variable predicted a wide range in the mean 
proportion of deliveries by a family physician (4.3%–69.1% 
across quintiles). Although there are differences in measured 
covariates across the quintiles (Table 2), there was no correla-
tion between catchment area cesarean delivery rate and the 
instrumental variable (r2 = 6.6 × 10−4), a required characteristic to 
ensure unbiased results. The F-statistic for our instrumental 
variable (F = 1165.94) far exceeded the Stock–Yogo “critical 
value” necessary to define a strong instrument.37 The partial 
correlation coefficient between the delivery provider and instru-
mental variable was 0.55, which indicated that 30% of the varia-

tion in the rate of delivery by family physicians was explained by 
the instrumental variable, also a marker of a strong instrument.

Sensitivity analyses
We compared multivariate models that both included and 
excluded variables for the service level of the delivery hospital. 
We also compared models with different definitions of deliv-
ery provider, including assigning women solely to the practi-
tioner coded as the most responsible provider or to the practi-
tioner coded as the delivery provider. None of these 
adjustments changed the direction of the estimated effects 
(risk ratio > 1.0 or < 1.0) or the statistical significance of the 
association (data not shown).

We stratified the sample according to prior cesarean deliv-
ery and repeated our analyses. For women with no prior cesar-
ean delivery, the instrumental-variable–adjusted relative risk of 
cesarean delivery was 1.30 (95% confidence interval [CI] 1.04–
1.64) for family physicians versus obstetricians. For women 
with a prior cesarean delivery, the relative risk was 0.96 (95% 
CI 0.84–1.09), which suggests that the results of our primary 
analysis are entirely driven by a higher risk of first cesarean 
delivery. However, because women with a prior cesarean deliv-
ery appear to be selectively cared for by obstetricians (Table 1), 
the assumptions necessary for instrumental variable analyses 
may not be met when the sample is stratified in this fashion.

Interpretation

The results of our conventional analysis suggesting a lower risk 
of cesarean delivery among women cared for by family physi-
cians are broadly comparable to the existing literature. How-
ever, the most striking finding of our study is the large discrep-
ancy between these traditional results and those from 
instrumental variable methods, which suggest that women cared 
for by family physicians actually have a higher risk of cesarean 
delivery than those cared for by obstetricians, after adjustment 
for both measured and unmeasured risks. We feel that instru-
mental variable methods are the most appropriate to answer our 
research question because they address criticisms from previous 
work: that unmeasured factors contribute to observed differ-
ences in cesarean delivery rates between family physicians and 
obstetricians.8–11 However, because of the novelty and magni-
tude of our findings and because of the methodological limita-
tions outlined below, our findings require confirmation before a 
clinical or policy response should be considered.

Our adjustment for both clinical and demographic risk fac-
tors is at least as comprehensive as if not more comprehensive 
than (e.g., by including employment rate, visible minority sta-
tus and Aboriginal status) previous obstetrics studies using the 
same database.17,19–22 Thus, we feel that we have met the cur-
rently accepted standard for the degree of adjustment neces-
sary in the analysis of obstetrical data, but our results suggest 
that this degree of adjustment is inadequate. Clearly, this 
raises concerns that other studies relying on administrative 
data suffer from similar biases as our own. However, a 
recently published analysis of the same data and instrumental 
variable used in the current paper showed that the estimates 

Table 1: Selected characteristics of women who gave birth 
between Apr. 1, 2006, and Mar. 31, 2009, at all Canadian 
hospitals except those in Quebec, by delivery provider

Characteristic

Provider; no. (%) of women*

Family 
physician

n = 217 870
Obstetrician
n = 558 429

Cesarean delivery 24 830 (11.4) 192 360 (34.4)

Age, mean ± SD, yr 28.2 ± 5.6 29.6 ± 5.7

Income, mean ± SD, $ 26 821 ± 8827 27 777 ± 9250

% of women in census 
subdivision with at least 
some high school, mean 
± SD

81.7 ± 14.1 84.0 ± 12.5

Urban residence† 151 459 (69.5) 474 695 (85.0)

Hospital level

    3 53 901 (24.7) 150 098 (26.9)

    2 77 640 (35.6) 298 269 (53.4)

    1 85 642 (39.3) 110 051 (19.7)

Prior cesarean delivery 11 229 (5.2) 89 265 (16.0)

Type 1 diabetes 89 (0.04) 1945 (0.3)

Type 2 diabetes 167 (0.1) 2201 (0.4)

Gestational diabetes 7280 (3.3) 29 059 (5.2)

Eclampsia 96 (0.04) 374 (0.1)

Placental abruption 176 (0.1) 1111 (0.2)

Premature rupture of 
membranes

697 (0.3) 3660 (0.6)

Placenta previa 362 (0.2) 3065 (0.5)

Genital herpes 236 (0.1) 848 (0.2)

Gestational age, mean 
± SD, wk

39.3 ± 2.0 38.8 ± 2.3

Birth weight, mean ± SD, g 3463 ± 501 3375 ± 582

Congenital anomaly 4658 (2.1) 18 779 (3.4)

*Except where noted otherwise.
†Census agglomeration or census metropolitan area.
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from logistic and instrumental-variable–adjusted analyses of a 
perinatal mortality outcome were essentially identical and that 
those for maternal morbidity and mortality were much closer 

than the results observed in the current study.29 This suggests 
that the observed variables adequately capture the variance for 
perinatal mortality and come close to doing so for the 

Table 2: Selected characteristics of the study cohort by quintile of family physician delivery rate at the home hospital, included as 
variables in logistic regression and instrumental variable analyses

Characteristic

Quintile of family physician delivery rate; no. (%)*

1
n = 148 059

2
n = 158 593

3
n = 160 518

4
n = 151 206

5
n = 157 923

All
n = 776 299

Missing data† 1766 (1.2) 2207 (1.4) 2400 (1.5) 4726 (3.1) 2980 (1.9) 14 079 (1.8)

Predicted cesarean delivery 
rate, mean ± SD‡

28.4 ± 22.7 28.9 ± 22.7 27.8 ± 22.4 27.8 ± 22.6 27.1 ± 22.7 28.0 ± 22.7

Income, mean ± SD, $ 27 222 ± 8581 28 601 ± 10 314 28 408 ± 9175 26 604 ± 8438 26 632 ± 8822 27 509 ± 9144

% Aboriginal, mean ± SD 3.6 ± 13.9 2.4 ± 8.8 5.8 ± 15.2 5.9 ± 14.4 10.9 ± 22.7 5.8 ± 15.9

Delivery hospital

    Level 3 13 896 (9.4) 39 481 (24.9) 60 043 (37.4) 53 996 (35.7) 36 583 (23.2) 203 999 (26.3)

    Annual volume, mean ± SD 2626 ± 1548 3579 ± 1665 2936 ± 1567 3462 ± 2260 2016 ± 1988 2923 ± 1913

Delivery provider

    Annual volume, mean ± SD 269 ± 131 260 ± 151 252 ± 210 176 ± 150 96 ± 103 210 ± 167

    Obstetrician 141 732 (95.7) 144 028 (90.8) 133 475 (83.2) 90 462 (59.8) 48 732 (30.8) 558 429 (71.9)

    Family physician 6327 (4.3) 14 565 (9.2) 27 043 (16.8) 60 744 (40.2 109 191 (69.1) 217 870 (28.1)

    Midwife† 5938 (4.0) 7621 (4.8) 7273 (4.5) 5657 (3.7) 4743 (3.0) 31 232 (4.0)

Maternal

    Age, mean ± SD, yr 29.3 ± 5.7 30.5 ± 5.5 29.0 ± 5.6 29.3 ± 5.7 28.2 ± 5.7 29.2 ± 5.7

% of women in census 
subdivision with at least some 
high school, mean ± SD

83.0 ± 12.7 86.5 ± 11.2 83.4 ± 12.8 83.5 ± 12.4 80.2 ± 15.1 83.3 ± 13.0

    Urban residence 128 533 (86.8) 147 590 (93.1) 136 309 (84.9) 118 755 (78.5) 94 967 (60.1) 626 154 (80.6)

    Cesarean delivery 42 010 (28.4) 45 214 (28.5) 43 585 (27.2) 42 212 (27.9) 44 169 (28.0) 217 190 (28.0)

    Prior cesarean delivery 19 454 (13.1) 21 011 (13.2) 20 084 (12.5) 19 472 (12.9) 20 473 (13.0) 100 494 (12.9)

    Type 1 diabetes 429 (0.3) 390 (0.2) 471 (0.3) 373 (0.2) 371 (0.2) 2034 (0.3)

    Type 2 diabetes 409 (0.3) 449 (0.3) 615 (0.4) 404 (0.3) 491 (0.3) 2368 (0.3)

    Gestational diabetes 6595 (4.4) 8107 (5.1) 6515 (4.0) 8775 (5.8) 6347 (4.0) 36 339 (4.7)

    Eclampsia 120 (0.05) 89 (0.1) 102 (0.1) 62 (0.04) 97 (0.1) 470 (0.1)

Pregnancy-induced 
hypertension

8430 (5.7) 8481 (5.3) 10 381 (6.5) 9292 (6.1) 10 046 (6.4) 46 630 (6.0)

    HIV-positive 76 (0.05) 81 (0.05) 100 (0.1) 118 (0.1) 63 (0.04) 438 (0.05)

    Placental abruption 185 (0.1) 166 (0.1) 469 (0.3) 250 (0.2) 217 (0.1) 1287 (0.2)

Premature rupture of 
membranes

414 (0.3) 387 (0.2) 2143 (1.3) 939 (0.6) 474 (0.3) 4357 (0.6)

Neonatal

    Male sex 75 785 (51.2) 81 326 (51.3) 82 248 (51.2) 77 872 (51.5) 80 902 (51.2) 398 133 (51.3)

Gestational age, mean 
± SD, wk

38.9 ± 2.2 38.9 ± 2.0 38.9 ± 2.4 38.9 ± 2.1 39.1 ± 2.5 38.9 ± 2.2

    Birth weight, mean ± SD, g 3382 ± 566 3360 ± 557 3417 ± 567 3393 ± 556 3443 ± 557 3399 ± 562

    Congenital anomaly 4423 (3.0) 4502 (2.8) 5227 (3.2) 4906 (3.2) 4379 (2.8) 23 437 (3.0)

    Perinatal mortality 686 (0.5) 700 (0.4) 597 (0.4) 628 (0.4) 600 (0.4) 3211 (0.4)

*Except where noted otherwise.
†Records with missing data and deliveries by midwives were excluded from the final analysis.
‡Calculated from a logistic regression model including all covariates except for delivery provider.
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maternal outcome. Thus, the limitations of the database may 
extend only to the analysis of highly complex treatment deci-
sions such as cesarean delivery that depend not only on clini-
cal factors but also possibly on patient factors, institutional 
culture and professional training, among others.

At least 2 clinical studies have compared the results from 
traditional and instrumental-variable–adjusted methods of 
observational analysis to those from randomized controlled 
trials. In both studies, results from instrumental variable anal-
ysis agreed closely with those from randomized controlled tri-
als, while differing considerably from results obtained using 
traditional methods.14,38 In both of those studies, unmeasured 
factors affected the treatment decision, thereby biasing the 
estimates from traditional methods and showing the benefit 
instrumental variable techniques may offer.

Limitations
There are limitations to the instrumental variable approach. 
Although this type of analysis has been used in the economet-
rics literature for almost 90 years, it is relatively new to epide-
miologists, and clinical applications may require further test-
ing and refinement. As a new tool, it is not as well understood 
and may not be as readily accepted as more traditional meth-
ods, especially when the results differ in a potentially contro-
versial manner, as in the present case. Nevertheless, this also 
highlights the need for this tool and its potential to address 
the limitations of traditional approaches.

Although the differences in the distribution of risk factors are 
usually small, we found that obstetricians care for a higher-risk 
population than family physicians. If these risk factors are not 
fully adjusted for in logistic analyses, here or in previous studies, 
the risk estimated for these populations may be biased. However, 
the risk factors outlined in Table 1 are traditional obstetrical 
comorbidities. Family physicians may care for populations that 
are higher risk owing to sociocultural and other reasons,7,11 and 
these variables are not captured in the administrative data used 
for this study (Appendix 1). If this is the case, unobserved factors 

that affect treatment decisions would be unevenly distributed 
between the experimental groups in our study, which would vio-
late the assumptions required for instrumental variable analyses 
(i.e.,  instrumental-variable–adjusted analyses may be biased). 
Regardless of which estimates are biased, the underlying issue is 
that important covariates, whether clinical or sociocultural, are 
incompletely captured in the linked administrative, census and 
geographic data used for this study, which biases the estimates 
from 1 or both analytical methods used. Results of analyses of 
cesarean delivery rates using either of these methods should be 
interpreted cautiously until it can be established whether conven-
tional or instrumental variable methods are inaccurate.

A further limitation is the incomplete randomizing effect of 
the instrumental variable across our women. Among the most 
important factors affecting the decision to perform a cesarean 
delivery is a prior cesarean birth, and these rates were similar 
across different levels of the instrumental variable (Table 2). 
However, we found several variables that did differ across 
instrumental variable quintiles, and this variation raises the 
possibility that unobserved variables also differ between levels 
of the instrumental variable. For example, the Aboriginal rep-
resentation across quintiles ranged from 2.4%–10.9%. Our 
data (not shown) indicate that cesarean delivery rates are lower 
in populations with higher proportions of Aboriginal women, 
but we adjusted for this factor in our multivariate analyses. 
This observation is only important if unobserved factors also 
vary across levels of the instrumental variable, and by a suffi-
cient magnitude to explain our findings. Because Aboriginal 
populations tend to be larger in regions with a higher propor-
tion of family physicians, and their cesarean delivery rates tend 
to be lower, unobserved variables varying in a similar pattern 
would tend to lessen the effect we observed.

Finally, the data we used are generally accurate for clinically 
significant diagnoses and procedures,15,16 and, perhaps most 
important for this study, a variable for prior cesarean delivery 
was included in the database. However, parity was not cap-
tured, and there may be variation in this factor between women 

Table 3: Relative risk of cesarean delivery, forceps- or vacuum-assisted vaginal 
delivery and all procedural deliveries for family physicians versus obstetricians on 
logistic and instrumental-variable–adjusted regression

Method

RR (95% CI)

Cesarean delivery

Forceps- or 
vacuum-assisted 
vaginal delivery

All procedural 
deliveries

Logistic regression

    Bivariate 0.33 (0.27–0.40) 1.02 (0.91–1.13) 0.35 (0.31–0.40)

    Multivariate* 0.48 (0.41–0.56) 1.00 (0.92–1.09) 0.61 (0.56–0.67)

Instrumental-variable–
adjusted regression

    Bivariate 0.96 (0.79–1.17) 0.92 (0.74–1.12) 0.94 (0.82–1.09)

    Multivariate* 1.27 (1.02–1.57) 1.03 (0.82–1.29) 1.16 (0.99–1.35)

Note: CI = confidence interval, RR = relative risk.
*Multivariate adjusted models controlled for all comorbidities listed in Appendix 1.
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cared for by family physicians and by obstetricians. In addition, 
although several categories of obesity are captured in the data-
base, it is unclear how complete or accurate these data are.

Conclusion
We found a large discrepancy between logistic and 
instrumental-variable–adjusted estimates of the risk of cesar-
ean delivery among family physicians versus obstetricians. 
This suggests that clinical and/or sociocultural factors affect-
ing the decision to perform a cesarean delivery are missing 
from our database and that there is variability in these factors 
between women cared for by family physicians and by obste-
tricians. Family physicians may have higher cesarean delivery 
rates relative to obstetricians than previously thought, but 
these results should be interpreted with caution.
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