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Abstract

Background: Previous research suggests that, compared with regional anesthesia, general 

anesthesia is associated with increased odds of postoperative depressive disorders. No study has 

specifically evaluated the possible protective effect of neuraxial anesthesia for cesarean delivery 

on maternal mental health, compared with general anesthesia. This exploratory study was designed 

to test the hypothesis that general anesthesia for cesarean delivery is associated with increased 

odds of severe postpartum depression (PPD) requiring hospitalization, compared with neuraxial 

anesthesia.

Methods: This retrospective cohort study included cesarean delivery cases performed in New 

York State hospitals between January 2006 and December 2013. Exclusion criteria were: having 

more than 1 cesarean delivery during the study period, residing outside of New York State, having 

a general anesthetic for other surgery or a delivery in the prior year or in the year after the index 

case. The primary outcome was the occurrence of PPD and the secondary outcomes were: 1) the 

composite of suicidal ideation or self-inflicted injury (i.e., suicidality), 2) anxiety disorders, and 

3) post-traumatic stress disorders (PTSD). Primary and secondary outcomes were identified during 

the delivery hospitalization and up to 1 year post-delivery. Adjusted odds ratios (aORs) and 95% 

confidence interval (CIs) of adverse psychiatric outcomes associated with general anesthesia were 

estimated using propensity score matching.

Results: Of the 428,204 cesarean delivery cases included, 34,356 had a general anesthetic 

(8.0%). Severe PPD requiring hospitalization was recorded in 1158 women (2.7 per 1000; 95% 

CI: 2.5-2.9); of them, 60% were identified during a readmission with a median of 164 days after 
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discharge. Relative to neuraxial anesthesia, general anesthesia in cesarean delivery was associated 

with a 54% increased odds of PPD (aOR 1.54; 95% CI, 1.21-1.95) and a 91% increased odds 

of suicidal ideation or self-inflicted injury (aOR 1.91; 95% CI, 1.12-3.25). There was insufficient 

evidence in these data that general anesthesia was associated with anxiety disorders (aOR 1.37; 

95% CI, 0.97-1.95) or PTSD (aOR 1.50; 95% CI, 0.50-4.47).

Conclusion: General anesthesia for cesarean delivery is associated with increased odds of 

severe PPD requiring hospitalization, suicidal ideation, and self-inflicted injury. If confirmed, 

these preliminary findings underscore the need to avoid the use of general anesthesia for cesarean 

delivery whenever possible and to provide mental health screening, counselling, and other follow-

up services to obstetric patients exposed to general anesthesia.

INTRODUCTION

Postpartum depression (PPD) is a serious maternal health issue in the United States. Its 

reported incidence has increased 7-fold in the past 15 years and it now affects up to 1 in 7 

woman.1 PPD is associated with increased odds of severe maternal complications such as 

suicide and contributes significantly to preventable maternal mortality.2,3 Maternal suicide 

is the leading cause of direct maternal deaths from 6 weeks postpartum up to one year 

postpartum in the United Kingdom.4 In 2018, the American College of Obstetricians and 

Gynecologists (ACOG) released a new recommendation to have all women screened at least 

once for depression during the perinatal period.5 In 2019, the US Preventive Services Task 

Force recommended to refer women with at least one risk factor for depression to counseling 

such as those with a history of depression or certain socioeconomic risk factors (e.g., low 

income, young or single parenthood).6 To date, the strongest predictor of PPD is a past 

history of psychopathology and depression during the current pregnancy. However, few of 

these risk factors are readily modifiable. An additional approach to that of routine perinatal 

screening for PPD symptoms and interventions for women with known risk factors for PPD 

would be to identify actionable risk factors for PPD before depressive symptoms occur.

Two recent meta-analyses report that, compared with vaginal delivery, cesarean delivery 

is associated with an increased risk of PPD.7,8 Possible mechanisms include a delayed 

first interaction between the mother and her child and delayed first breastfeeding attempt, 

postpartum pain, and a mismatch between women’s expectations for childbirth and care 

provided (i.e., mother dissatisfaction).5 However, no study has examined the effect of the 

mode of anesthesia for cesarean delivery on the risk of PPD. General anesthesia for cesarean 

delivery might increase the risk of PPD because it is associated with a delayed first skin-to-

skin interaction for the maternal-infant dyad, delayed first breastfeeding attempt, increased 

risk of persistent postoperative pain, and lower maternal satisfaction with anesthesia care.9,10 

Therefore, we hypothesized that general anesthesia for cesarean delivery is associated 

with increased odds of severe postoperative depressive disorders compared with neuraxial 

anesthesia.

METHODS

The study protocol was granted exemption under 45 Code of Federal Regulation 46 (not 

human subjects research) by the Institutional Review Board of Columbia University Medical 
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Center. The requirement for written informed consent was waived by the Institutional 

Review Board. The manuscript is reported according to the Strengthening the Reporting 

of Observational Studies in Epidemiology (STROBE) statement and to the REporting 

of studies Conducted using Observational Routinely-collected health Data (RECORD) 

statement.

Data system

Hospital discharge records of the State Inpatient Database for New York were analyzed. 

State Inpatient Databases are part of the Healthcare Cost and Utilization Project (HCUP) 

sponsored by the Agency for Healthcare Research and Quality. They capture all inpatient 

discharges from non-federal acute care community hospitals, including tertiary and 

academic centers. They do not capture outpatient or emergency department visits. For each 

discharge, the New York State Inpatient Database indicates the type of anesthesia provided, 

one hospital identifier, and patient diagnoses and procedures performed defined in the 

International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). 

They do not contain information on the neonate and do not allow linkage with the neonate 

record. Furthermore, it provides a variable indicating whether an ICD-9-CM diagnosis 

code was present on admission or not. This variable allows distinguishing a preexisting 

condition from a complication arising during hospitalization. Last, for patients with multiple 

hospitalizations, it also provides a unique readmission identifier (variable VisitLink) that 

allows tracking patient readmission across hospitals and years. For these patients, a second 

variable is provided (variable DaysToEvent) that allows calculating the number of days 

elapsed between readmissions. Hospital characteristics were calculated using the State 

Inpatient Database or abstracted from the American Hospital Association Annual Survey 

Database.

Definition of exposure

Exposure of our primary interest was the use of general anesthesia for cesarean delivery. 

New York State Inpatient Database is the only HCUP participating state providing 

information on anesthesia care (variable ANESTH). Anesthesia type is reported as a 

categorical variable with values corresponding to general, regional, other, local, none, and 

missing. Each discharge record contains a maximum of one value for anesthesia type and 

woman who received general anesthesia for cesarean delivery because of a failed epidural 

catheter would be coded as general anesthesia. For the purpose of the study, the variable was 

categorized as general anesthesia, regional (neuraxial) anesthesia, and missing.

Definition of the study sample

The study sample included all records of discharges after cesarean delivery performed in 

New York State hospitals between January 1, 2006 and December 31, 2013. Cesarean 

deliveries were identified with a combination of ICD-9-CM diagnosis and procedure codes 

as previously described. 11 In case that a woman had more than one cesarean delivery during 

the study period, only the first cesarean delivery was included in the study. Discharges were 

also excluded if 1) the patient ZIP code of residence was not located in New York State 

or missing, 2) information on the type of anesthesia provided was missing, 3) the patient 

had undergone a general anesthetic in the year before or in the year after the index cesarean 
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delivery case, and 4) the patient had another delivery in the year before or in the year after 

the index cesarean delivery case.

Definition of the primary and secondary outcomes

The primary outcome was new onset depression during the cesarean delivery hospitalization 

or during a readmission in a woman with or without a previous history of depression 

(Supplemental Figure 1). Depression was defined using an ICD-9-CM algorithm, 

adapted from Savitz, Zhong, and Guglielminotti (Supplemental Table 1). 12-14 A history 

of depression was defined as a diagnosis of depression recorded during the year 

preceding the cesarean delivery hospitalization or present on admission of the cesarean 

delivery hospitalization. New onset depression during the cesarean delivery hospitalization 

corresponded to a diagnosis of depression recorded during the delivery hospitalization but 

not present on admission. A new onset depression during a readmission corresponded to a 

diagnosis of depression recorded during a readmission within one-year postdelivery, but not 

present during the index delivery hospitalization.

The three secondary outcomes were new onset of 1) suicidal ideation or self-inflicted injury 

(i.e., suicidality), 2) anxiety disorders, and 3) post-traumatic stress disorder recorded during 

the initial delivery hospitalization or a readmission in a woman with or without a history of 

the examined psychiatric outcome.

Obstetrical and hospital characteristics

The following maternal characteristics were recorded directly from the State Inpatient 

Database: age, race and ethnicity (categorized as non-Hispanics White or non-White), 

insurance type (categorized as Medicaid-Medicare or non-Medicaid-Medicare), admission 

for delivery during a weekend, and admission type (categorized as elective or non-elective).

The exact indications for general anesthesia (e.g., maternal request) are not explicitly 

recorded in the State Inpatient Database. The possible indications for general anesthesia 

were therefore estimated using ICD-9-CM codes and were categorized into three groups: 

contraindications to neuraxial anesthesia, obstetrical indications, and maternal indications 

(Supplemental Table 2).15 Possible contraindications to neuraxial anesthesia included: 

coagulation factor deficit and Von Willebrand disease, thrombocytopenia, sepsis and septic 

shock, chorioamnionitis. Possible obstetrical indications for general anesthesia included: 

abnormality fetal heart rate, fetal distress, abruptio placenta, uterine rupture, umbilical 

cord prolapse, postpartum hemorrhage, blood transfusion, placenta praevia, and placenta 

accreta. Presence of severe maternal comorbidities can be an indication for general 

anesthesia (maternal indication). Maternal comorbidities were summarized using the 

Charlson comorbidity index (with a threshold value of 1) and the comorbidity index for 

obstetric patients (with a threshold of 2). The two comorbidity indexes were calculated using 

previously described ICD-9-CM algorithms.16,17

The following hospital characteristics were calculated for each year of the study period 

using the State Inpatient Database data: volume of delivery, cesarean delivery rate, percent 

neuraxial anesthesia in vaginal deliveries, percent admission for delivery during a weekend, 

percent non-White (including Hispanics) in deliveries, percent Medicaid/care beneficiaries 
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in deliveries, percent women with a Charlson comorbidity index ≥ 1 in deliveries, percent 

women with a comorbidity index for obstetric patients ≥ 2 in deliveries, and intensity of 

coding. For each hospital, the annual intensity of coding was calculated as the mean number 

of diagnosis and procedure codes, including E-codes, reported per discharge.18

The following hospital characteristics were obtained from the American Hospital 

Association Annual Survey Database: hospital location (rural or urban), teaching status, 

neonatal level-of-care designation (1, 2 or 3), physician-to-bed ratio, resident-to-bed ratio, 

and nurse-to-bed ratio. Rural hospital location included micropolitan or rural areas based on 

the Core Based Statistical Areas. A teaching hospital had an affiliation to a medical school 

or residency training accreditation. Neonatal level-of-care 1 hospitals provide basic neonatal 

level of care, level 2 specialty neonatal care (e.g., care of preterm infants with birth weight 

≥1500 g), and level 3 subspecialty neonatal intensive care (e.g., mechanical ventilation ≥ 24 

hour).

Statistical analysis

Statistical analysis was performed with R version 3.4.1 (R Foundation for Statistical 

Computing, Vienna, Austria) and specific packages (mice for multiple imputations, lme4 

for mixed-effect models, and Matching for propensity score matching).

Descriptive statistics—Results are expressed as median (interquartile range) or count (% 

or per 1000). Univariate comparisons used Chi-squared or Fisher exact tests for categorical 

variables and Wilcoxon test for continuous variables. Missing values were estimated using 

multiple imputations using the R package mice (Multivariate Imputation by Chained 

Equations) with 5 iterations and five imputed datasets created (Supplemental Table 3).

Odds of new onset psychiatric outcomes—Unadjusted odds ratios for the 4 

psychiatric outcomes associated with exposure to general anesthesia were calculated using 

univariate logistic regression. Adjusted odds ratio were calculated using propensity score 

matching.

The propensity score (i.e., individual probability of receiving general anesthesia) was 

estimated using a mixed-effect logistic regression model. In this model, the random effect 

was the hospital identifier (normally distributed intercept and constant slope); the fixed-

effects were the 39 patient and hospital characteristics described in Supplemental Table 4, 

along with the year of delivery. Both the fixed and random effects were used to calculate 

the propensity score. Performance of the model was assessed with the c-index. Each general 

anesthesia case was matched without replacement to 6 controls using the nearest neighbor 

approach and a caliper of 0.2. Balance in propensity score matched patients was considered 

achieved when the standardized mean difference was less than 0.1.

In propensity score matched patients, the odds of new onset psychiatric outcome associated 

with general anesthesia was quantified with the odds ratio from a mixed-effect logistic 

regression. In this model, the outcome was the occurrence of the examined outcome, the 

random effect was the hospital identifier, and the fixed effect was the exposure to general 

anesthesia.

Guglielminotti and Li Page 5

Anesth Analg. Author manuscript; available in PMC 2023 February 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



To assess potential bias due to unmeasured confounder (e.g., emergent cesarean delivery), 

we calculated the E-value associated with the adjusted odds ratio of adverse outcome. The 

E-value estimates how strong an unmeasured confounder (i.e., an unknown factor associated 

with both general anesthesia and the complication examined) would need to be to explain 

away the observed association between general anesthesia and the complication.19 The 

lowest possible E-value is 1 and indicates that no unmeasured confounding is needed to 

explain away the observed association. The higher the E-value, the stronger the confounder 

association must be to explain away the observed association.

Sensitivity analyses—We performed two sets of sensitivity analysis. First, we assessed 

the effect of a history of the psychiatric outcome on the odds of a new onset for this 

outcome by adding the variable “history” as a fixed-effect in the mixed-effect model in 

propensity score matched patients. Second, we limited the identification of new onset 

psychiatric outcomes during a readmission to the first and second diagnosis codes. In the 

main analysis, new onset psychiatric outcomes during readmissions were identified among 

up to 25 possible diagnosis codes. They may therefore indicate preexisting conditions and 

not complications leading to the readmission. New onset psychiatric outcomes identified in 

the first or second diagnosis codes are more likely to represent the reason for readmission 

than a preexisting condition.

A priori effect size calculation—Based on our previous research, we expected to have 

645,000 cesarean deliveries cases in New York State between 2006 and 2013 and a general 

anesthesia rate of about 7%.15 With a rate of new onset depression of 0.25% in women who 

received neuraxial anesthesia, a proportion of discharges with exclusion criteria of 35%, an 

alpha of 5%, a power of 80%, and a two-sided test, we will be able to demonstrate a 35% or 

greater relative increase in the rate of new onset depression in women who received general 

anesthesia (rate of 0.34% or greater) compared with neuraxial anesthesia.13

RESULTS

The study sample included 428,204 cesarean delivery cases meeting the inclusion criteria 

(Figure 1). Among the included cases, 34,356 had a general anesthetic (8.0%; 95% 

confidence interval (CI): 7.9-8.1). Compared with women undergoing cesarean delivery 

under neuraxial anesthesia, women undergoing cesarean delivery under general anesthesia 

were older and more often non-White or Medicaid/Medicare beneficiary (Supplemental 

Table 4). They had higher comorbidity indexes values and delivered more often in a neonatal 

level-of-care 3 hospital. Comparison of included and excluded cesarean delivery cases is 

presented in the Supplemental Table 5.

New onset depressive disorder was recorded in 1158 women (2.70 per 1000; 95% CI: 

2.55-2.86); of them, 702 (60.6%) were identified during a readmission with a median of 

128 days after discharge (interquartile range 38-247). Among women with a new onset 

depressive disorder, 12.3% had a history of depression (95% CI, 10.4-14.3). Suicidal 

ideation or self-inflicted injury was recorded in 214 women (0.50 per 1000; 95% CI: 

0.44-0.57); of them, 123 (57.5%) were also diagnosed with new onset depression. The 

incidence of the 4 outcomes examined in the general and neuraxial anesthesia groups, 
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the proportion of cases identified during a readmission, and the time-to-readmission are 

presented in Tables 1 and 2.

The c-statistic of the mixed-effect model used to estimate the propensity score was 0.897 

(95% CI: 0.895, 0.898) and the coefficient of determination (r-squared) was 51%. After 

propensity score matching, 16,477 cases were matched to 98,862 controls. The standardized 

mean difference was less than 0.1 for all the 39 patient- and hospital-level characteristics 

examined and for the year of delivery (Supplemental Table 4). In matched patients, general 

anesthesia was associated with 54% increased odds of PPD (adjusted OR (aOR) 1.54; 95% 

CI, 1.21-1.95) and 91% increased odds of suicidal ideation or self-inflicted injury (aOR 

1.91; 95% CI, 1.12-3.25) (Table 3). The E-value for PPD was 2.45 (lower limit of the 95% 

CI, 1.71) and for suicidal ideation or self-inflicted injury 3.23 (lower limit of the 95% CI, 

1.49). General anesthesia was not associated with a significantly increased odds of anxiety 

or PTSD. Results from the sensitivity analyses were generally consistent with the findings 

from the main analyses (Supplemental Tables 6 and 7).

DISCUSSION

Using data from cesarean deliveries performed in New York State hospitals between 2006 

and 2013, we report increased odds of severe PPD requiring hospitalization, suicidal 

ideation, and self-inflicted injury in women who had a cesarean delivery performed under 

general anesthesia compared with neuraxial anesthesia. These findings are robust when 

adjusted for history of depressive disorders, the strongest predictor of PPD.

The association between exposure to surgery and general anesthesia in adults and the risk of 

postoperative depression has not been well established and none of the previous studies were 

conducted in obstetric patients.20,21 In the present study, we report that cesarean delivery 

under general anesthesia is associated with increased odds of PPD, suicidal ideation, 

and self-inflicted injury. Similar to PPD, suicidal ideation is also increasingly recognized 

as a concern for maternal mental health in the United States. A recent study reports a 

prevalence of suicidal ideation of 19% in women screened positive using the Edinburgh 

Postnatal Depression Scale and suicidal ideation is a predictor of later suicide attempt 

and completion.22 General anesthesia for cesarean delivery might increase the risk of PPD 

because it is associated with delayed first skin-to-skin interaction for the maternal-infant 

dyad, delayed first breastfeeding attempt, an increased risk of persistent postpartum pain, 

and decreased maternal satisfaction with anesthesia care.9,10 Delays in first interaction 

between the mother and her child and in initiation of breastfeeding have been linked to 

increased risk of PPD.23,24 The World Health Organization recommends that breastfeeding 

is initiated within the first hour of neonatal delivery. General anesthesia for cesarean delivery 

or abdominal hysterectomy is associated with increased risks of severe acute postoperative 

pain, prolonged postoperative recovery, and persistent chronic pain.10,25 Moreover, the 

intensity of acute postpartum pain has been linked to increased risk of PPD; compared 

to women with mild postpartum pain, women with severe postpartum pain have a 3.0-fold 

increased risk of depression at 8 weeks postpartum.26 Two studies conducted in obstetric 

patients also suggest an increased risk of PPD associated with poor pain control using labor 

neuraxial analgesia and parturient dissatisfaction with analgesia care provided.27,28
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Our findings should be interpreted in the context of several limitations. First, our study 

is based on observational data. The reported association between exposure to general 

anesthesia and the risk of postpartum depression and suicidality does not necessarily 

represent a causal relationship. Second, confounding by indication and residual confounding 

could explain the observed associations between general anesthesia and postpartum mood 

disorders. Indeed, the exact indication for general anesthesia cannot be accurately identified 

in administrative data and the propensity score used to estimate the odds of receiving 

general anesthesia includes only known confounders or available confounders. Furthermore, 

we have no information on whether the cesarean delivery was emergent or not, and 

no information on neonatal outcomes. Emergent cesarean delivery and adverse neonatal 

outcomes may constitute a traumatic childbirth experience, which has been associated with 

the subsequent development of mood disorders. 29,30 To assess the impact of emergent 

cesarean delivery on our results, we calculated the E-value associated with the adjusted 

odds ratio for the risk of PPD and suicidality. This relatively new metric takes into 

consideration two associations: 1) that between the confounder (emergent cesarean delivery) 

and the outcome (postpartum depression); and 2) the association between the confounder 

(emergent cesarean delivery) and the exposure (general anesthesia). An E-value of 1.7 

for the unmeasured confounder emergent cesarean delivery indicates that to explain away 

the association between general anesthesia and depression, either: 1) emergent cesarean 

delivery increases the risk of depression by at least 70%; or 2) emergent cesarean delivery 

is at least 70% more prevalent among general anesthesia than among neuraxial anesthesia. 

Either association is clinically plausible. Third, the identification of PPD was limited to the 

delivery hospitalization or to a hospital readmission. Data on outpatient visits or emergency 

department visits were not included. We may have therefore identified only severe PPD 

and underestimated the true incidence of PPD. The incidence of PPD (0.27%) identified 

in the current study aligns with previous research on PPD requiring hospitalization13. 

Fourth, there is no specific code to identify PPD and we used a previously published 

ICD-9-CM algorithm.13,14,31 This algorithm has a high specificity but a low sensitivity.32 

Inclusion of at least one antidepressant prescription may have increased the sensitivity of 

this algorithm to identify depressive disorders but prescription drugs are not available in 

hospital discharge records. Last, this study was limited to New York State and its results 

may not be generalizable to other states given the marked variations across states in both the 

utilization of general anesthesia for cesarean delivery and in the incidence of PPD. 1,33

If confirmed, our findings can have important implications for obstetric anesthesia practice, 

maternal health, and healthcare policy. First, general anesthesia is a potentially modifiable 

risk factor for PPD. This finding provides further supporting evidence favoring neuraxial 

over general anesthesia in cesarean delivery whenever possible. Although general anesthesia 

is associated with the shortest decision-to-delivery interval in case of an emergent cesarean 

delivery, there is no evidence that it improves outcomes for neonates and mounting 

evidence that it is associated with adverse consequences for mothers.34 Second, the use 

of general anesthesia for cesarean delivery identifies a high-risk population for postpartum 

mental health disorders. This population is likely to benefit from mental health screening, 

counseling and other follow-up services as recommended by the 2018 US Preventive 

Services Task Force.6
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In conclusion, our study indicates that exposure to general anesthesia in cesarean delivery 

is associated with significantly increased odds of severe PPD requiring hospitalization and 

suicidal ideation or self-inflicted injury. If confirmed, these preliminary findings underscore 

the need to reduce the use of general anesthesia in cesarean delivery whenever possible 

and enhance postpartum care and counseling services for women who underwent cesarean 

delivery under general anesthesia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Glossary of terms

ACOG American College of Obstetricians and Gynecologists

CI Confidence interval

ICD-9-CM International Classification of Diseases, ninth revision, Clinical 

Modification

HCUP Healthcare Cost and Utilization Project

OR Odds ratio

POA Present on admission

PPD Postpartum depression

PTSD Post-traumatic stress disorder

RECORD REporting of studies Conducted using Observational Routinely-

collected health Data

STROBE Strengthening the Reporting of Observational Studies in 

Epidemiology statement

US United States

ZIP Zone Improvement Plan
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Key Points

Question:

Is general anesthesia for cesarean delivery associated with increased odds of maternal 

psychiatric complications?

Findings:

In women who received general anesthesia for cesarean delivery in New York State 

hospitals between 2006 and 2013, general anesthesia was associated with significantly 

increased odds of severe postpartum depression requiring hospitalization, suicidal 

ideation, and self-inflicted injury.

Meaning:

If confirmed, these preliminary findings underscore the need to avoid general anesthesia 

for cesarean delivery whenever possible.
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Figure 1. 
Flowchart of the study (a total does not round up because reasons for exclusion are not 

mutually exclusive)
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