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eTable 1. Detailed Variable Definitions 
Variable  Definition Data 

source 
References 

OUTCOMES 
Maternal 
mortality or 
severe “near-
miss” morbidity 

adapted from the five-factor coding system developed by Geller 
and colleagues includes organ failure (acute renal failure -- ICD-
10 N17.^^, N19.^^, N99.0, hepatic failure – ICD-10 K71-K72, 
heart failure – ICD-10 I50.^^), unanticipated postpartum maternal 
surgical intervention (hysterectomy, CCI code 5.PC.80.J^), 
extended maternal ventilation (≥12 hours), maternal blood 
transfusion of >3 units, maternal admission to the intensive care 
unit, or maternal mortality. Diagnosis and procedure codes, 
ventilation, intensive care unit admission were derived from 
Hospital Discharge Abstract data. Maternal mortality data were 
obtained from Vital Statistics files. 

British Columbia 
Perinatal Data 
Registry; Vital 
Statistics 
Deaths; 
Discharge 
abstract 
database 
(Hospital 
Separations) 

Geller SE, 
Rosenberg D, 
Cox SM, Brown 
M, Simonson L, 
Kilpatrick S. A 
scoring system 
identified near-
miss maternal 
morbidity during 
pregnancy. J Clin 
Epidemiol. 
2004;57(7):716-
7120.  

Adverse fetal-
infant 
composite 

Any of the following: 
1) stillbirth (antenatal or intrapartum fetal death at or after 

20+0 weeks of gestation or ≥500g), 
2) infant mortality (death within the first year after birth 

according to Vital Statistics records),  
3) early preterm delivery (before 28 + 0 weeks of gestation)  
4) very small-for-gestational age (birth weight for sex and 

gestational age lower than the 3rd weight percentile for 
gestational age at delivery and sex, using birth weight for 
gestational age and sex reference charts 

British Columbia 
Perinatal Data 
Registry; Vital 
Statistics Deaths 

Kramer MS, Platt 
RW, Wen SW, et 
al. A new and 
improved 
population-based 
canadian 
reference for birth 
weight for 
gestational 
age. Pediatrics. 
2001;108(2):e35-
e42. 

Small-for-
gestational age 

Birth weight for sex and gestational age lower than the 10th weight 
percentile for gestational age at delivery and sex, using birth 
weight for gestational age and sex reference charts 

British Columbia 
Perinatal Data 
Registry 

Kramer MS, Platt 
RW, Wen SW, et 
al. A new and 
improved 
population-based 
canadian 
reference for birth 
weight for 
gestational 
age. Pediatrics. 
2001;108(2):e35-
e42. 

Spontaneous 
preterm 
delivery 

Delivery of a live infant before 37+0 weeks of gestation (using last 
menstrual period, ultrasound dating, newborn estimate, and 
maternal chart documentation according to the Perinatal Services 
BC gestational age algorithm) after the spontaneous onset of 
labor or spontaneous membrane rupture. Onset of labor is 
recorded in the labor and delivery record by the attending 
physician, nurse, or midwife providing care as: ‘no labor’, 
‘spontaneous’, ‘augmented’, or ‘induced’ labor. 

British Columbia 
Perinatal Data 
Registry 

Perinatal Services 
BC. Appendix 
10.5: Gestational 
age 
calculation. British 
Columbia 
Perinatal Data 
Registry 
Reference 
Manual. 
2014;Version 
6.01. 

Indicated 
preterm 
delivery 

Delivery of a live infant that did not meet the criteria for 
spontaneous preterm delivery 

British Columbia 
Perinatal Data 
Registry 

Perinatal Services 
BC. Appendix 
10.5: Gestational 
age 
calculation. British 
Columbia 
Perinatal Data 
Registry 
Reference 
Manual. 
2014;Version 
6.01. 
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PREGNANCY RESOLUTION TYPE 
Spontaneous or 
induced 
abortion before 
20 weeks of 
gestation 

Any of the following:  
1) Induced abortion ICD-10 codes: O04, P96.4; ICD9 635-

638, 779.6;  
2) Induced abortion CCI procedure codes 5CA8-5CA9;  
3) Induced abortion procedure CCP codes 870-872, 864; 

MSP fee item codes 4110-4114, 14545, and 4027, 4715-
4716 and 4500)  

4) BC-specific induced abortion billing code 17B 
5) Spontaneous abortion ICD-10 codes: O00, O02, O03, 

O05, O08, Z37, P95; 
6) Spontaneous abortion ICD-9 codes 631-634. 636, 639, 

V271-V277, 779. 
We removed any pregnancy-related hospital separation or 
diagnosis that occurred during the gestational period of a 
subsequent pregnancy that continued beyond 20 weeks, as these 
were captured in our data set through the BCPDR. Date of birth 
for early pregnancy losses was imputed using date of diagnosis, 
treatment, or hospital admission for spontaneous or therapeutic 
abortion codes. Gestational age was missing for the majority of 
almost all early pregnancy losses. We imputed gestational age as 
12 weeks for all loss records with missing gestational age, and 
conducted sensitivity analyses with imputed gestational age 
ranging from 6 to 19 weeks. As multiple diagnoses or procedures 
for each pregnancy loss may occur over several weeks or 
months, we considered all records within a 60-day window as a 
single early pregnancy loss. We conducted sensitivity analyses 
varying this window from 30 days to 139 days (consistent with 6 to 
19 weeks of gestational age for each loss).  

Discharge 
abstract 
database 
(Hospital 
Separations);  
British Columbia 
Perinatal Data 
Registry;  
Medical services 
plan (MSP) 
payment 
information file; 
PharmaNet 

 

COVARIATES at baseline (at or before index birth) 
Low 
neighborhood 
income 
 

Defined as lowest two deciles of neighborhood income level 
information, based on 3-digit postal code and community size 
data for rural residence  

Statistics 
Canada Income 
Band Data 

 

Rural residence Community size <10,000 according to Statistics Canada census 
geographical areas 

Consolidation file  

Inadequate 
prenatal care 
 

Defined as fewer than 5 visits, according to the BCPDR number of 
antenatal visits variable abstracted from the antenatal record 

British Columbia 
Perinatal Data 
Registry 

 

Smoking 
 

Current or recent smoking from the index pregnancy antenatal 
record.  

British Columbia 
Perinatal Data 
Registry 

 

Infertility 
treatment or 
diagnosis 

Infertility treatment was defined as outpatient prescription record 
for clomid (clomithene citrate) or letrozole. Infertility diagnosis was 
defined as Medical Services Plan billing codes 19B (Artificial 
Insemination), 20B (Post-coital test), ICD-9 billing code 628. 
Because in vitro fertilization became available only in 2008, we 
did not include IVF treatment in this definition. Infertility diagnosis 
and non-IVF infertility prescriptions had a sensitivity for IVF of 
86.7% for the years that IVF data were available.  

Medical services 
plan (MSP) 
payment 
information file; 
PharmaNet 

 

Body mass 
index 
 

Defined as (prepregnancy weight in kg)/(height in meters 
squared). We calculated this using prepregnancy weight and 
height from the index pregnancy antenatal record. These data are 
based on maternal self-report or health care provider assessment, 
usully documented at the first antenatal visit.  

British Columbia 
Perinatal Data 
Registry 

 

History of 
stillbirth or 
neonatal death: 
 

Prior stillbirth or neonatal death abstracted in the BCDPR from the 
antenatal record for the index pregnancy. 

British Columbia 
Perinatal Data 
Registry 
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History of 
preterm 
delivery 
 

Prior preterm delivery abstracted in the BCDPR from the 
antenatal record for the index pregnancy. 

British Columbia 
Perinatal Data 
Registry 

 

History of 
spontaneous 
abortion 

Prior spontaneous abortion abstracted in the BCDPR from the 
antenatal record for the index pregnancy. 

British Columbia 
Perinatal Data 
Registry 

 

Chronic 
hypertension 

ICD-10 code: O10  
 

British Columbia 
Perinatal Data 
Registry 

 

Type 1 or type 2 
diabetes 

April 1, 20014-March 31, 2006: ICD-10 codes O24.4, O24.9 
April 1, 2006 onwards: ICD-10 codes O24.8, O24.9 

British Columbia 
Perinatal Data 
Registry 

 

Data source references: 
1. Perinatal Services BC [creator] (2015): British Columbia Perinatal Data Registry. Population Data BC [publisher]. Data Extract. 

PSBC (2017). http://www.perinatalservicesbc.ca/health-professionals/data-surveillance/perinatal-data-registry 
2. British Columbia Ministry of Health [creator] (2015): Medical services plan (MSP) payment information file. V2. Data Extract. 

Population Data BC [publisher]. Data Extract. MOH (2016). http://www.popdata.bc.ca/data.  
3. BC Ministry of Health [creator] (2015): PharmaNet. V2. BC Ministry of Health [publisher]. Data Extract. Data Stewardship 

Committee (2017). http://www.popdata.bc.ca/data.  
4. Canadian Institute for Health Information [creator] (2015): Discharge abstract database (Hospital Separations). V2. Data Extract. 

Population Data BC [publisher]. Data Extract. MOH(2015). http://www.popdata.bc.ca/data.  
5. Statistics Canada [creator] (2009): Statistics Canada Income Band Data. Catalogue number 13C0016. Population Data BC 

[publisher].  Data Extract. Population Data BC (2017). http://www.popdata.bc.ca/data.  
6. BC Ministry of Health [creator] (2015): Consolidation file. V2. Population Data BC [publisher]. Data Extract. MOH (2016). 

http://www.popdata.bc.ca/data.  
7.  BC Vital Statistics Agency [creator] (2015): Vital Statistics Deaths. V2. Population Data BC [publisher]. Data Extract BC Vital 

Statistics Agency (2016). http://www.popdata.bc.ca/data.  
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eAppendix 1. Methods for Sensitivity Analyses for Unmeasured or Residual Confounding  

 
We used three methods to assess the potential role of unmeasured and residual confounding, in 

the overall population and stratified by maternal age categories. First, we re-ran all analyses restricted 

to women with infertility diagnosis or treatment in the subsequent pregnancy, on the assumption that all 

pregnancies to women in this group were planned. Next, we quantified the strength of association that 

unmeasured confounding variables would need to have with both interpregnancy interval and each 

outcome to entirely explain the observed associations using the E-value.35 Finally, we used the 

outcome of the index pregnancy as a negative outcome control.36  in  this analysis, we repeated our main 

analyses, regressing the outcome of the first pregnancy on interpregnancy interval and baseline 

confounding variables. This method leverages the fact that the interpregnancy interval could not have 

caused the index pregnancy outcome (which occurred before the interval), but that confounding 

variables that persist over time would produce a similar bias structure. Thus, by comparing estimates 

from the standard analysis and the negative control analysis, we may illuminate the role of confounding 

bias. For this analysis, we not estimate risks in the index pregnancy for all outcomes, since our study 

population was restricted to those with a live birth in the index pregnancy. 
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eFigure 1. Distribution of Interpregnancy Interval Length by Categories of Maternal Age at Index 
Birth (n=148,543).  
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eTable 2. Sociodemographic and Clinical Characteristics of the Study 
Population According to Post-interval Pregnancy Resolution Type, n=148,543.  
 Pregnancy 

continued to 20 
weeks or longer 

n=121,249 (81.6%) 

Pregnancy ended in 
spontaneous or 

induced abortion 
n=27,295 (18.4%) 

Interpregnancy interval  
    <6 months 
    6-12 mo 
    12-18 mo 
    18-23 mo 
    ≥24 mo 

  
5,472 (65.3) 
20,081 (80.1) 
28,611 (85.4) 
22,654 (85.4) 
44,417 (80.7) 

 
2,906 (34.7) 
4,999 (19.9) 
4,882 (14.6) 
3,884 (14.6) 
10,634 (19.3) 

Maternal age  
    <20  
    20-34 
     ≥35 

  
5,079 (69.5) 

104,886 (83.4) 
13,422 (74.2) 

  
2,233 (30.5) 
20,866 (16.6) 
4,668 (25.8) 

Nulliparity 
    Yes 
    No 

 
83,838 (86.0) 
55,213 (72.4) 

 
13,634 (14.0) 
21,064 (27.6) 

Low neighborhood incomea 

    Yes 
    No 

 
26,416 (77.3) 
96,805 (82.9) 

 
7,738 (22.7) 
19,983 (17.1) 

Rural residenceb     
    Yes 
    No 

 
15,458 (80.1) 
123,573 (80.0) 

 
3,847 (19.9) 
30,850 (20.0) 

Inadequate prenatal care (<5 visits)c 

    Yes 
    No 

 
7,571 (75.9) 

106,985 (82.2) 

 
2,404 (24.1) 
23,134 (17.8) 

Smoking 
    Yes 
    No 

 
11,119 (69.4) 
127,844 (81.1) 

 
4,947 (30.6) 
29,752 (18.9) 

Infertility diagnosis or treatment 
    Yes 
    No 

 
12,029 (81.6) 
127,014 (79.9) 

 
2,719 (18.4) 
31,980 (20.1) 

Body mass indexd 
      <18.5 
      18.5-<25 
      25-<30 
      ≥30 

  
5,514 (79.8) 
53,030 (82.8) 
16,756 (82.4) 
9,402 (81.4) 

  
1,392 (20.2) 
11,020 (17.2) 
3,588 (17.6) 
2,142 (18.6) 

History of stillbirth or neonatal death 
    Yes 
    No 

 
1,144 (77.9) 

120,091 (81.7) 

 
325 (22.1) 

26,980 (18.3) 
History of preterm delivery 
    Yes 
    No 

 
3,173 (73.4) 

118,062 (81.9) 

 
1,148 (26.6) 
26,157 (18.1) 

History of spontaneous abortion 
    Yes 
    No 

 
23,885 (77.3) 
97,350 (82.7) 

 
7,001 (22.7) 
20,304 (17.3) 

Characteristics were assessed at or before the index birth.  
a Census tract neighborhood income missing in 7,857 (5.3%) observations. b Community size information missing in 
5,931 (4.0%) observations. c Number of antenatal visits missing in 10,382 (7.0%) observations. 
d Body mass index missing in 45,743 (30.8%) observations. 
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eTable 3. Incidence of Component Outcomes of the Adverse Fetal-Infant Composite 
Outcome According to Categories of Interpregnancy Interval, Stratified by Maternal 
Age and Index Birth 
 All <6 months 6-12 mo 12-18 mo 18-23 mo ≥24 mo 
Stillbirth 
      All women 
      Maternal age <20 
      Maternal age 20-34 
      Maternal age ≥35 

 
816 (0.7) 
41 (0.8) 

663 (0.6) 
113 (0.9) 

 
58 (1.1) 
6 (1.3) 

46 (1.0) 
6 (1.2) 

 
138 (0.7) 

5 (0.6) 
11. (0.7) 
22 (0.9) 

 
148 (0.5) 

5 (0.6) 
113 (0.5) 
27 (0.8) 

 
140 (0.6) 

9 (1.2) 
109 (0.6) 
24 (0.9) 

 
332 (0.8)  
13 (0.6) 

285 (0.7) 
34 (0.9) 

Infant death 
      All women 
      Maternal age <20 
      Maternal age 20-34 
      Maternal age ≥35 

 
320 (0.3) 
31 (0.6) 

241 (0.2) 
48 (0.4) 

 
23 (0.4) 

suppressed 
21 (0.5) 

suppressed 

 
61 (0.3) 
6 (0.6) 

51 (0.3) 
suppressed 

 
69 (0.2) 
9 (1.1) 

48 (0.2) 
12 (0.3) 

 
57 (0.3) 
6 (0.8) 

38 (0.2) 
13 (0.5) 

 
110 (0.3) 
11 (0.5) 
83 (0.2) 
16 (0.4) 

Birth <28 weeks 
      All women 
      Maternal age <20 
      Maternal age 20-34 
      Maternal age ≥35 

 
293 (0.2) 
233 (0.2) 
235 (0.2) 
41 (0.3) 

 
32 (0.6) 
29 (0.6) 
30 (0.7) 

suppressed 

 
53 (0.3) 
37 (0.2) 
37 (0.2) 
15 (0.6) 

 
48 (0.2) 
39 (0.2) 
39 (0.2) 

suppressed 

 
39 (0.2) 
30 (0.2) 
30 (0.2) 
7 (0.3) 

 
121 (0.3) 
98 (0.3) 
99 (0.3) 
14 (0.4) 

Very small-for-
gestational age 
      All women 
      Maternal age <20 
      Maternal age 20-34 
      Maternal age ≥35 

 
 

1,185 (1.0) 
54 (1.1) 

1,003 (1.0) 
127 (1.0) 

 
 

75 (1.4) 
6 (1.3) 

61 (1.4) 
8 (1.6) 

 
 

177 (0.9) 
8 (0.9) 

153 (0.9) 
16 (0.7) 

 
 

230 (0.8) 
6 (0.7) 

196 (0.8) 
28 (0.8) 

 
 

201 (0.9) 
8 (1.1) 

169 (0.9) 
24 (0.9) 

 
 

502 (1.1) 
26 (1.3) 

424 (1.1) 
51 (1.3) 

Data are n(%) 
Analyses for adverse fetal-infant composite, small-for-gestational age, spontaneous preterm delivery, and indicated preterm 
delivery were restricted to the 121,249 pregnancies that continued to 20 or more weeks of gestational age. 
* n(%) were suppressed if cell counts were <5, in accordance with data privacy regulations for BC population health data. 
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eFigure 2. Absolute Risk of Component Outcomes of Adverse Fetal-Infant Composite According 
to Interpregnancy Interval (n=148,543).  
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eFigure 3. Absolute Risk of Component Outcomes of Adverse Fetal-Infant Composite According 
to Interpregnancy Interval, Stratified by Maternal Age at Index Birth.  
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eFigure 4. Absolute Risk of Pregnancy and Birth Outcomes According to Interpregnancy 
Interval Stratified by Maternal Age at Index Birth (20-30 and ≥30), British Columbia, 2004-2014 
(n=138,005). 
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eAppendix 2. Sensitivity Analyses for Unmeasured and Residual Confounding 

As shown in Supplemental Figures 5 and 6, the sensitivity analysis restricted to women with 

infertility diagnosis or treatment produced curves of similar shapes to those from our main analysis. 

This indicates that confounding by pregnancy intention is unlikely to fully explain the relationship 

between short interpregnancy intervals and adverse pregnancy outcomes, for women of all ages.   

Supplemental Table 4 provides e-values to quantify the minimum joint strength of association 

that confounding variable would need to have in order to fully explain the observed association for each 

risk ratio reported in Table 3. Some of the weaker associations that we found, such as increase in SGA 

or indicated preterm delivery at short intervals (e.g., 6-month), could be plausibly explained by 

confounding variables with E-values of 1.46 and 1.37, respectively. However, for the stronger 

relationships that we found, such as the increased risk of maternal mortality or severe morbidity among 

older mothers or increased risk of spontaneous preterm delivery among younger mothers at 6-month 

intervals, confounding variables would need to be more strongly associated with both short 

interpregnancy interval and risk of each outcome than is plausible (E-values of 4.21 and 2.69, 

respectively).  

Similarly, our negative control analyses, summarized in Supplemental Figures 7 and 8, indicate 

that interpregnancy interval was unassociated with severe maternal morbidity in the index pregnancy 

and that associations between interpregnancy interval and other outcomes in the index pregnancy 

(adverse fetal-infant composite, SGA, spontaneous and indicated preterm delivery) were substantially 

smaller than associations with subsequent birth reported in our main analyses. 

Taken together, these sensitivity analyses for unmeasured or residual confounding suggest that 

unmeasured or residual confounding is not likely to fully explain our results.  
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eFigure 5. Absolute Risk of Pregnancy and Birth Outcomes According to Interpregnancy 
Interval Among Women With Infertility Diagnosis or Treatment (n=16,336). 
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eFigure 6. Absolute Risk of Pregnancy and Birth Outcomes According to Interpregnancy 
Interval Among Women With Infertility Diagnosis Or Treatment Stratified By Maternal Age At 
Index Birth (n=16,207). 
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eTable 4. E-Values to Quantify the Minimum Strength of Association That 
Unmeasured Confounders Would Need to Have With Both Interpregnancy 
Interval and Each Outcome in  Order to Fully Explain the Observed 
Association Between Short Interpregnancy Interval and Adverse Outcomes 
 3 mo 6 mo 9 mo 12 mo 18 mo 
Maternal mortality or severe morbidity 
All women 1.95 

(1.43) 
1.64 

(1.40) 
1.34 (1.31) 1.11 (1.00) ref 

Age 20-34 at pre-interval 
birth 

1.36 
(1.00) 

1.39 
(1.00) 

1.43 (1.41) 1.43 (1.43) ref 

Age ≥35 at pre-interval birth 6.46 
(5.28) 

4.21 
(3.48) 

2.69 (2.64) 1.71 (1.64) ref 

Adverse fetal-infant composite 
All women 2.45 

(2.19) 
2.06 

(1.95) 
1.67 (1.67) 1.34 (1.34) ref 

Age 20-34 at pre-interval 
birth 

2.66 
(2.37) 

2.19 
(2.06) 

1.76 (1.76) 1.40 (1.37) ref 

Age ≥35 at pre-interval birth 1.81 
(1.00) 

1.57 
(1.11) 

1.34 (1.28) 1.1 (1.00) ref 

Small-for-gestational age 
All women 1.62 

(1.43) 
1.46 

(1.37) 
1.28 (1.28) 1.11 (1.00) ref 

Age 20-34 at pre-interval 
birth 

1.62 
(1.43) 

1.46 
(1.34) 

1.28 (1.28) 1.11 (1.11) ref 

Age ≥35 at pre-interval birth 1.76 
(1.00) 

1.51 
(1.00) 

1.28 (1.16) 1.11 (1.00) ref 

Spontaneous preterm delivery 
All women 3.15 

(2.98) 
2.56 

(2.49) 
2.04 (2.04) 1.62 (1.59) ref 

Age 20-34 at pre-interval 
birth 

3.37 
(3.19) 

2.69 
(2.62) 

2.10 (2.10) 1.62 (1.62) ref 

Age ≥35 at pre-interval birth 2.45 
(1.99) 

2.15 
(1.95) 

1.83 (1.81) 1.57 (1.54) ref 

Indicated preterm delivery 
All women 1.51 

(1.28) 
1.37 

(1.24) 
1.24 (1.21) 1.00 (1.00) ref 

Age 20-34 at pre-interval 
birth 

1.46 
(1.21) 

1.34 
(1.21) 

1.21 (1.16) 1.00 (1.00) ref 

Age ≥35 at pre-interval birth 1.49 
(1.00) 

1.37 
(1.00) 

1.24 (1.11) 1.11 (1.00) ref 

Data display the minimum strength of association required to fully explain the observed associations between 
short interpregnancy interval and adverse pregnancy and birth outcomes as reported by risk ratios in Table 3 of 
the main text. the first number indicates the e-value for the point estimate (the risk ratio), while the number 
inside parentheses indicates the corresponding e-value for the 95% confidence interval around the reported 
risk ratio. 
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eFigure 7. Absolute Risk of Pregnancy and Birth Outcomes in  the Pre-Interval (Index) Birth 
According to Interpregnancy Interval: a Negative Control Analysis. 
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eFigure 8. Absolute risk of pregnancy and birth outcomes in the pre-interval (index) birth 
according to interpregnancy interval, stratified by maternal age at index birth: a negative control 
analysis.  

 

 

 


