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Abstract

Background—Despite the temporal increase in cesarean deliveries, the extent to which maternal 

age, period, and maternal birth cohorts may have contributed to these trends remains unknown.

Methods—We performed an analysis of 123 million singleton deliveries in the US (1979-2010). 

We estimated rate ratio (RR) with 95% confidence interval (CI) for primary and repeat cesarean 

deliveries. We examined changes in cesarean rates with weighted Poisson regression models 

across three time-scales: maternal age, year of delivery, and birth cohort (mother’s birth year).

Results—The primary cesarean rate increased by 68% (95% confidence interval (CI) 67%, 69%) 

between 1979 (11.0%) and 2010 (18.5%). Repeat cesarean deliveries increased by 178% (95% CI 

176, 179) from 5.2% in 1979 to 14.4% in 2010. Cesarean rates increased with advancing age. 

Compared to 1979, the RR for the period effect in primary and repeat cesarean deliveries increased 

up to 1990 fell to a nadir at 1993 and began to rise thereafter. A small birth cohort effect was 

evident, with women born prior to 1950 at increased risk of primary cesarean; no cohort effect was 

seen for repeat cesarean deliveries. Adjustment for maternal BMI had a small effect on these 

findings. Period effects in primary cesarean were explained by a combination of trends in obesity 

and chronic hypertension as well as demographic shifts over time.
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Conclusions—Maternal age and period appear to have important contributions to the temporal 

increase in the cesarean rates, although the effect of parity on these associations remains 

undetermined.
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Introduction

Nearly one in three infants today is delivered by cesarean, making the surgery one of the 

most common procedures in the US. The rate of cesarean delivery has increased in most 

industrialized countries with the rate rising in the US from 5.5% in 19701 to 32.2% in 

20142,3– a relative increase of 500% in the ensuing four decades. Encouragement from the 

American Congress of Obstetricians and Gynecologists to promote vaginal deliveries 

following cesarean in the late 1980s4 led to a decline in the cesarean delivery rate between 

1989 and 1995 (and a concurrent increase in the rate of vaginal birth after cesarean). 

However, amidst concerns for maternal and adverse perinatal outcomes associated with the 

low cesarean rate,5,6 especially among high-risk women, the cesarean rate began to rise 

again. A variety of maternal and fetal factors have been implicated in the rising cesarean 

rates of both primary and repeat cesarean deliveries, including non-reassuring fetal status, 

ischemic placental disease7,8 (preeclampsia, intrauterine growth restriction, and placental 

abruption), fetal malpresentation, and complications of labor.9 A prior cesarean delivery is 

the chief indication for a repeat cesarean.

Despite extensive research, important factors in the increasing cesarean delivery rate remain 

unexplored. These include (i) an evaluation of the extent to which primary and repeat 

cesarean deliveries have increased at the population-level in the US; (ii) how indications for 

cesarean deliveries have changed temporally, and how such changes may have affected 

primary and repeat cesarean delivery rates; and (iii) the role maternal birth cohorts may have 

played in these trends. To address these shortcomings, we performed an age-period-cohort 

(APC) analysis. An APC analysis is a simultaneous examination of how changes in three 

time-related factors – maternal age, period (year of occurrence of cesarean) and maternal 

birth cohort (maternal birth year) – affect changes in an outcome. Temporal changes in 

cesarean delivery rates are the object of many studies,10-14 as is maternal age.11 An 

examination of the effects of maternal birth cohorts has been neglected, but can provide 

important insights to understand the profile of cesarean deliveries. For instance, if the 

cesarean delivery rate changes by maternal age across birth cohorts, this may provide 

important clues to how a woman’s early life exposures and her age at delivery (an 

interaction) shape cesarean risk.

The objectives of this paper are to delineate, through an APC analysis, the effects of 

maternal age, period and birth cohort on trends in both primary and repeat cesarean 

deliveries in the US, as well as cesarean trends based on the underlying indications. Given 

the surge in obesity prevalence in the US over the last two decades, we hypothesized that 
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birth cohort may have contributed to these trends. We address these objectives in a 

population-based study of over 123 million singleton births in the US.

Methods

The National Hospital Discharge Survey (NHDS)

We designed a retrospective cohort analysis utilizing the NHDS data between 1979 and 2010 

to examine how age, period and birth cohorts have affected the changes in overall and 

primary and repeat cesarean deliveries in the US. The NHDS data was assembled by the US 

Centers for Disease Control and Prevention. These data are based on hospitalizations from 

short-stay (<30 days) hospitals, and non-federal general and specialty hospitals. The data 

included in the survey is representative sample of hospital discharges in the 50 states and the 

District of Columbia. Since the NHDS data are completely de-identified and publicly 

available, no ethics approval was sought.

Between 1979 and 1987, the NHDS data collection was based on a two-stage stratified 

sampling design and since 1988, a modified three-stage design.15,16 The number of hospitals 

surveyed each year ranged between 400 and 558 and included roughly 181,000 to over 

300,000 hospital discharges each year. Since 2008, the number of hospitals chosen was 

reduced to 200 to 300 hospitals. The NHDS data includes a sampling weight and when these 

weights are incorporated during statistical analyses, the data generalize to all in-patient 

hospitalizations leading to a delivery in the US.

Indications for cesarean deliveries

The NHDS does not record the indications for cesarean deliveries. Instead, we identified 

maternal and fetal conditions that may presumably have led to a cesarean. These indications 

were broadly classified as (i) non-reassuring fetal status; (ii) ischemic placental disease that 

included preeclampsia, fetal growth restriction, and placental abruption; (iii) malpresentation 

that included breech and transverse lie; and (iv) labor complications that included arrest of 

labor (abnormal uterine forces, disproportion) and suspected fetal macrosomia. For repeat 

cesarean deliveries, we additionally examined previous cesarean delivery as an indication. 

All diagnoses and procedures in the NHDS were coded based on the International 

Classification of Disease, 9th revision, Clinical Modification (ICD9-CM) and codes to define 

the indications are shown in eTable 1. The NHDS lacked data on parity, so whether APC 

trends differ between women with primary cesarean delivery in their first versus other 

pregnancies remains a limitation.

Age-Period-Cohort Analysis

Through an APC methodology, we examined temporal changes in rates of primary and 

repeat deliveries. Age, period, and birth cohort effects were modeled, in single years, 

through a Poisson regression. One of the challenges of an APC analysis is the 

“identifiability” issue since APC effects are perfectly collinear (cohort=period-age);17,18 this 

complicates the estimation of parameters in the models. Specifically, constraints need to be 

placed on the model and assumptions need to be made about the underlying relationships 

among APC factors in order to estimate the parameters in the model.
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To address the identifiability problem, we adopted a classical approach common in 

epidemiologic studies of health outcomes.19 In this approach, we iteratively fit model 

parameters and assessed model fit through a series of constraints. First, an age parameter 

was included in the model. Then, an overall linear trend in cesarean delivery rates was 

included; this linear trend cannot be uniquely attributed to either period or cohort effects, but 

rather to the sum of the linear component of period and cohort effects. We refer to this 

estimate as the “drift” parameter. We then assessed deviations from linearity that can be 

uniquely attributed to the period and cohort effects; we refer to this as the “curvature” effect. 

These parameter estimates can be interpreted as the direction and magnitude of the change 

in the linear trend by period and cohort. We determined all models a priori and sequentially 

fit them beginning with age only, and then adding drift and subsequently period and cohort 

independently and in combination. Non-linear APC effects on cesarean deliveries were 

modeled as flexible smooth functions based on natural splines with 6 knots each for age, 

period and birth cohorts. The APC modeling was performed using the “apc.fit” function in 

the “Epi” package20 in the R programming language (version 3.1.1; Vienna, Austria).

Sensitivity analyses

We carried out four sets of sensitivity analyses. First, we examined if the APC effects on 

primary and repeat cesarean deliveries differed between black and white women; this was 

conducted as a sensitivity analysis since 23.3% of deliveries had missing data on race in the 

NHDS. Second, since cesarean deliveries have been increasing overall as well as among 

women considered “low-risk”,21 we examined APC effects for primary cesarean delivery in 

low-risk women. We identified the subset of low-risk women as those without non-

reassuring fetal status, malpresentation, ischemic placental disease, long labor, abnormal 

labor, cord complications, failed medical or mechanical induction, disproportion, or placenta 

previa or vasa previa. In addition, we also excluded women that delivered at preterm 

gestational age (<37 weeks).

Third, given that all APC models are subject to criticism due to unverifiable assumptions in 

order for model identification,22 assessment of the robustness of results across different 

types of models provides reassurance that results are unbiased to model constraints. We 

assessed APC effects for primary and repeat cesarean deliveries using the hierarchical APC 

model23 which uses a cross-classified random effects approach. Using a general form of a 

Poisson regression model, we first fit a “within” model, with cesarean rates predicted by an 

intercept, age as a categorical scalar variable, and an error term. Then, period and cohort 

were modeled as random effects in a “between” model, predicting the intercept of the 

“within” model. The central difference between our primary approach and the hierarchical 

APC model is the way in which we parameterize period and cohort estimates; in the primary 

approach, period and cohort estimates are first derivatives of the linear trend. In the 

hierarchical approach, period and cohort estimates are random intercept effects of a 

regression model with age and other covariates as fixed effects.

Fourth, given the temporal increase in rates of overweight and obesity in the US (obesity 

rates has increased from 18.0% in 1971 to 38.6% in 2010) and maternal body-mass index 

(BMI) being strongly associated with cesarean deliveries,24 we determined the extent to 
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which maternal obesity explained the APC effects on cesarean delivery. Specifically, we 

included parameters for the prevalence of obesity by cohort as well as period based on data 

from National Health and Nutrition Examination Survey data. In order to adjust for other 

observed confounders, maternal race, chronic hypertension, marital status and region of 

hospital were included as well. For each variable, we estimated the population average for 

each birth cohort (across years) and for each year (across cohort). These estimates were 

entered as covariates in the “between” model in the cross-classified random effects model to 

determine whether variation in obesity rates over time and birth cohort explain observed 

period and cohort trends after adjusting for confounding.

Results

Over the 31-year period (1979-2010), there were 123,484,399 (weighted) hospitalizations in 

the US that resulted in a singleton delivery. Overall, the primary cesarean rate increased by 

68% (95% confidence interval (CI) 67%, 69%) between 1979 (11.0%) and 2010 (18.5%). 

Repeat cesarean deliveries increased by 178% (95% CI 176, 179) from 5.2% in 1979 to 

14.4% in 2010. The distribution of primary cesarean delivery rates by age, selected periods 

and birth cohorts are shown in Table 1 (the corresponding number of deliveries for primary 

and repeat cesarean deliveries are shown in eTables 2 and 3, respectively). Within each 

period, the primary cesarean delivery rates were higher among older than younger women. 

For instance, in 1980, the rate was 11.8% among 15 to 19-year old women, and increased to 

43.0% in women over 45 years. Rates of repeat cesarean deliveries for each period increased 

linearly with advancing age, but this increase was evident only up to 35 to 39 years (Table 

2). We examined changes in the prevalence rates for the indications for cesarean deliveries 

(Table 3). The rates for most indications increased sharply between 1980 and 2010.

Age-Period-Cohort Models

We modeled APC effects for cesarean deliveries based on Poisson regression (Fig 1), and the 

fit of the models are shown in eTable 4. Age was strongly associated with increased rates of 

both primary and repeat cesarean deliveries. The rate of primary cesarean delivery for 

women born in 1954 was fairly stable in women up to 35 years (around 11%), and increased 

sharply thereafter. In contrast, the rate of repeat cesarean delivery increased sharply between 

20 and 37 years and began to decline slightly thereafter. The RR for both primary and repeat 

cesarean deliveries increased between 1979 and 1987, fell to a nadir in 1997 and increased 

thereafter. We observed a small birth cohort effect on repeat cesarean deliveries, in that 

women born between 1930 and 1950 had a lower risk of repeat cesarean deliveries and, to a 

lesser extent primary cesarean deliveries. No birth cohort effect was seen among women 

born after 1950.

APC effects for primary and repeat cesarean deliveries based on indications are shown in 

figure 2. With the exception of labor complications, primary cesarean delivery rates for all 

other indications showed a consistent age effect with rates increasing after age 35 years. 

Among younger women (up to 35 years), the rates were either stable or declined slightly. 

For labor complications, no age effect was evident for primary cesarean deliveries. Trends in 

primary cesarean delivery for ischemic placental disease and, to a lesser extent, for non-
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reassuring fetal status, showed a small birth cohort effect with women born between 1930 

and 1950 at increased risk. Primary cesarean deliveries showed a strong period effect for all 

indications, with increased risk with advancing period (compared to the 1979 period).

APC effects on repeat cesarean deliveries (Figure 2, right panel) demonstrated strong age 

and period effects. The rate of repeat cesarean deliveries increased sharply for all indications 

up to 40 years and plateaued thereafter. The risk ratios for period effects showed a steep 

increase for repeat cesarean deliveries based on all indications.

Race-specific APC effects on cesarean delivery

We examined APC effects on primary and repeat cesarean deliveries among white and black 

women (Figure 3). The overall patterns for APC effects on both primary and repeat cesarean 

deliveries were similar between white and black women. However, the absolute rates of 

primary and repeat cesarean deliveries based on maternal age were slightly higher among 

black than white women. Period effects for primary cesarean deliveries were also similar for 

black and white women, but no period effect was evident for black women for repeat 

cesarean deliveries until 1995 and began to increase thereafter. No birth cohort effect was 

evident.

Associations between obesity and APC effects of cesarean delivery

In eFigure 1 we provide estimates of APC effects based on multi-level cross-classified 

random effects models. Overall age, period, and cohort effects were consistent between 

modeling strategies. The resulting estimates extend the principal analyses for both primary 

and repeat cesarean deliveries, and demonstrate that the period effect is explained by the 

covariates included in the model.

In the eTable 5 we provide estimates of the extent to which period- and cohort-specific 

covariates explain the observed period and cohort effects. Model 2 shows that period-

specific obesity is associated with the period effect in primary cesareans (β=0.02, 95% CI 

0.01, 0.02). When race, chronic hypertension, marital status, and region of delivery into the 

model, obesity was no longer associated with changes in the primary cesarean delivery rates, 

and that set of covariates explain all between-period variation in primary cesarean. However, 

despite adjustment for these confounders, strong between cohort variation remained. These 

general findings were also consistent for repeat cesarean deliveries. Period trends in 

gestational hypertension is associated with primary cesarean (β=-0.04, 95% CI –0.08, 0.00). 

When repeat cesarean was examined (eTable 5), the results were consistent. Period-specific 

obesity was associated with the period effect (β=0.04, 95% CI 0.02, 0.07), but cohort-

specific obesity was not associated with the cohort effect (β=0.03, 95% CI –0.04, 0.09). 

Race, chronic hypertension, marital status, and hospital region together explained the period 

effect in repeated cesarean, but there remains unexplained variation in the cohort effect.

Cesarean trends among low-risk women

We examined APC effects on primary cesarean deliveries among low-risk women. The 

effects of age, period, and birth cohort on primary cesarean deliveries in low-risk women 
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(eFigure 2) were consistent with the overall patterns, although rates with respect to age were 

attenuated.

Discussion

Cesarean delivery rates in the US and western societies have increased several fold over the 

last three decades, with an estimated 1.3 million women undergoing this surgical procedure 

every year in the US alone. This study shows a steep temporal increase in both primary and 

repeat cesarean deliveries in the US over three decades (1979-2010) closely associated with 

higher maternal age with a small effect of maternal birth cohorts restricted to women born 

before the 1950s. The overall APC patterns both for primary and repeat cesarean deliveries 

were similar for black and white women although black women demonstrated higher age-

specific rates than white women. These data show that maternal obesity explains, at least in 

part, period trends in primary and repeat cesarean; demographics and comorbidity explain 

the remainder of the period effect, but there remains substantial variance across cohorts 

unexplained by known risk factors.

Limitations of the study

A few limitations need to be addressed. Importantly, whether APC effects are differentially 

associated with cesarean deliveries by parity11,25 remains unknown (i.e., whether APC 

effects are different for primary cesarean deliveries in primiparous women versus first 

cesarean in multiparous women). Parity remains a strong determinant of a woman’s risk for 

a primary cesarean. The total fertility rate (the number of births) in the US has been on the 

decline over the past four decades (3.7 in 1960 to 1.9 in 2014),26 but the proportion of births 

to nulliparous women has been increasing. Therefore, it is likely that a 35-year-old woman 

delivering in 2010 is relatively more likely to be nulliparous than a 35-year-old woman 

delivering in 1979.

Unfortunately, some confounding factors are either unavailable or are poorly recorded in the 

NHDS data. Second, there is substantial variation in cesarean delivery rates across states, as 

well as by hospital and providers27 which remain unaccounted for in this analysis.

Strengths of the study

This population-based study of trends in cesarean deliveries over three decades in the US is 

the largest with over 123 million (weighted) hospitalizations associated with a singleton 

delivery. The large study size permitted us to examine trends separately by race, and for 

primary and repeat cesarean deliveries and within those sub-groups, an evaluation of 

indication-specific trends. Finally, we were able to demonstrate that period effects on 

cesarean deliveries are predominantly explained by obesity, race, chronic hypertension, 

marital status, and region of delivery, whereas cohort variation remains unaccounted for with 

the available covariates in our data.

Interpretation of the findings

We show that maternal age and period were strongly associated with increasing cesarean 

delivery rates in the US. Increasing cesarean delivery rates in relation to advanced maternal 
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age have been reported in other studies.28-30 This increased risk is likely a result of higher 

rates of medical and obstetrical complications as well as higher risks for labor abnormalities 

among older women.12 The effect of advanced maternal age was consistent across most of 

the indications for primary and repeat cesarean deliveries.

In a recent study, Barber and colleagues9 reported that non-reassuring fetal status (32%), 

labor arrest disorders (16%), multiple gestation (16%), and preeclampsia (10%) were the 

chief indications that contributed to the increase in the primary cesarean delivery rate. They 

also reported that the cesarean delivery rates for labor disorders did not increase during the 

period of their study (2003-07).9 These findings are at variance with our data since both 

primary and repeat cesarean delivery rates do show a temporal increase among women with 

labor complications.

While major obstetrical initiatives such as the effort to increase trial of labor after cesarean 

delivery play a clear role in the trends demonstrated in these analyses, we were unable to 

evaluate other important factors. Elective cesarean deliveries,31,32 ethical concerns 

emanating from elective cesarean deliveries,33 cesarean on maternal request,34 and the 

growing concerns for malpractice litigations leading to lower threshold for interventions by 

obstetricians35-37 in the setting of high-risk pregnancies38 are likely to have contributed to 

the APC effects. We focused on broad categories for indications, and estimate the APC 

effects on cesarean deliveries within these categories. Therefore, our data allow 

interpretation only at the population level and as a characterization of APC effects on trends 

in cesarean deliveries.

Conclusions

We document an impressive temporal increase in primary and repeat cesarean deliveries in 

the US over three decades. Maternal age appears to be strongly associated with this trend, 

with women of advanced age at highest risk. In contrast, the role of cohorts (women being 

born at the same time) appears small, suggesting that it is clinical practice patterns and age 

related factors, as opposed to specific environmental exposures, that may be responsible for 

increased cesarean deliveries. Whether these changes in rates of cesarean deliveries have had 

an impact on secular change in adverse perinatal outcomes remain undetermined, and is a 

topic worthy of pursuit.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Age-period-cohort effects on all cesarean and primary and repeat cesarean deliveries. Rates 

with 95% confidence intervals are shown on the left vertical axis for maternal age, and risk 

ratios with 95% confidence intervals on the right vertical axis for period (1979 as the 

reference period) and birth cohort (1954 as the reference cohort): United States, 1979-2010
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Figure 2. 
Age-period-cohort effects on indication-specific primary (left panel) and repeat (right panel) 

cesarean deliveries. Rates with 95% confidence intervals are shown on the left vertical axis 

for maternal age, and risk ratios with 95% confidence intervals on the right vertical axis for 

period (1979 as the reference period) and birth cohort (1954 as the reference cohort): United 

States, 1979-2010

Ananth et al. Page 12

Epidemiology. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Age-period-cohort effects on primary (left panel) and repeat (right panel) cesarean deliveries 

among white and black women. Rates with 95% confidence intervals are shown on the left 

vertical axis for maternal age, and risk ratios with 95% confidence intervals on the right 

vertical axis for period (1979 as the reference period) and birth cohort (1954 as the reference 

cohort): United States, 1979-2010
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Table 1

Primary cesarean delivery rates (%) by maternal age, period (every fifth year), and central maternal birth 

cohorts in the United States, 1980 to 2010
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Table 2

Repeat cesarean delivery rates (%) by maternal age, period (every fifth year), and central maternal birth 

cohorts in the United States, 1980 to 2010
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