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Geographic Variation In The
Appropriate Use Ot Cesarean
Delivery

Do higher usage rates reflect medically inappropriate use of this
procedure?

by Katherine Baicker, Kasey S. Buckles, and Amitabh Chandra

ABSTRACT: There is enormous geographic variation in the use of cesarean delivery: For
births over 2,500 grams, adjusted cesarean rates vary fourfold between low- and high-use
areas. Even for births under 2,500 grams, high-use counties have rates that are double
those of low-use ones. Higher cesarean rates are only partially explained by patient charac-
teristics but are greatly influenced by nonmedical factors such as provider density, the ca-
pacity of the local health care system, and malpractice pressure. Areas with higher usage
rates perform the intervention in medically less appropriate populations—that is, relatively
healthier births—and do not see improvements in maternal or neonatal mortality. [Health
Affairs 25 (2006): w355-w367; 10.1377/hlthaff.25.w355]

than that in other countries.! Even within the United States, taking pa-
tients’ risk factors into account, some areas use cesareans at much higher

rates than others do: In 1996-2000, in Phoenix, Arizona, there were only fifteen
cesareans per hundred births over 2,500 grams, while in Long Island, New York,
there were twenty-six per hundred births. This is a source of national concern:
The Centers for Disease Control and Prevention’s (CDC’s) Healthy People 2010
initiative has the explicit goal of reducing the cesarean birth rate.” This objective is
predicated on the belief that high rates of cesarean delivery reflect procedure use
in mothers and infants who obtain little benefit from the procedure. In the ex-
treme, higher procedure rates might even be associated with iatrogenic harm,
stemming from surgical complications that are not offset by therapeutic benefit.?
Uncovering the relationship between areawide intensity of use and the medical

THE CESAREAN SECTION RATE IN THE UNITED STATES iS much hlgher

Katherine Baicker is an associate professor in the Department of Public Policy, School of Public Affairs, at the
University of California, Los Angeles. Kasey Buckles is an assistant professor of economics at the University of
Notre Dame, in Notre Dame, Indiana. Amitabh Chandra (Amitabh_Chandra®harvard.edu) is an assistant
professor of public policy in the John F. Kennedy School of Government, Harvard University, in Cambridge,
Massachusetts. Baicker and Chandra are also affiliated with Dartmouth Medical School in Hanover, New
Hampshire, and are faculty research fellows at the National Bureau of Economic Research in Cambridge,
Massachusetts.

HEALTH AFFAIRS ~ Web Exclusive w355
DOI 10.1377/hlthaff.25w355 ©2006 Project HOPE-The People-to-People Health Foundation, Inc.



DatTAaWAaTcCH
|

appropriateness of care requires a reliable way to measure appropriateness. There
are major methodological challenges in using ex-post evaluation to determine the
pervasiveness of inappropriate care. Typically, a systematic review of the litera-
ture is combined with the opinions of an expert clinical panel to score patients on
a scale that measures appropriateness for a given procedure.* Several studies have
found that patients with the highest appropriateness scores benefit most from the
intervention, and one notes that the views of practicing physicians are similar to
those of an expert panel.’ Critics of this approach, however, note that often the
variables used to define appropriateness have not been validated.® In addition, crite-
ria developed by different expert panels have been shown to exhibit enormous
variability, particularly for procedure use classified as inappropriate, and to be
greatly influenced by the composition of the panel.”

We introduce a new methodology to determine whether higher cesarean rates
reflect less medically appropriate use of the procedure. We use the correlation be-
tween patient characteristics and whether or not that patient receives a cesarean
section to construct a predicted probability of cesarean birth (PPC). For each
birth, this is the probability that the typical obstetrician would perform a cesar-
ean delivery, based on the patient’s prebirth characteristics, and removing the ef-
fect of area characteristics that are unchanging over time. This measure has
strengths and weaknesses: It can tell us which births are collectively viewed by
doctors as being better candidates for a cesarean, but it cannot be used to infer the
cutoff for a medically “appropriate” versus an “inappropriate” cesarean. Like all
measures of medical appropriateness, it cannot inform us about whether the
choice of cesarean delivery is associated with nonmedical factors such as patients’
preferences; appropriateness in our paper refers only to medical appropriateness.
Our index is not, however, subject to the arbitrary nature of measures calculated
by panels or to the biases inherent in retrospective classification based on proce-
dure outcomes. Nor, as we demonstrate below, is it confounded by characteristics
of the area that are fixed over time. It is easily implemented and can be applied to
any medical procedure.

Our analysis contains three parts. First, we demonstrate geographic variation in
the use of cesarean delivery across different U.S. cities. We examined the corre-
lates of higher use by studying the relationship between cesarean rates and birth
characteristics, county socioeconomic characteristics, local provider capacity, and
medical malpractice liability.® The larger the role played by nonclinical factors
such as provider supply and malpractice liability, the more likely it is that the mar-
ginal cesarean birth occurs for less medically driven reasons.

Second, we test the hypothesis that areas with higher cesarean rates are per-
forming the intervention in births that are less medically appropriate for the use of
cesarean delivery. If our hypothesis is correct, then the typical cesarean birth in
more aggressive areas will have a lower PPC than the marginal cesarean birth in
less aggressive areas, because physicians would have worked their way down the
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distribution of patient appropriateness. Hence, this hypothesis implies a negative
relationship between area cesarean rates and the average appropriateness of use of
the procedure.

Third, we explore the hypothesis that even though areas with high cesarean
rates might perform the procedure in less appropriate births, they might be better
at the use of this procedure and achieve improved outcomes. To examine this the-
ory, we studied the relationship between area cesarean rates and neonatal and
maternal mortality ratios.

Study Data And Methods

B Data. We used the National Center for Health Statistics (NCHS) linked birth
and infant death data, pooled across the years 1995-1998, to calculate risk-adjusted
county cesarean rates and the PPC (N =15,592,980). We used these years of the
birth data because we were able to obtain concurrent data on maternal mortality,
medical malpractice, and other county characteristics. We selected the 10.2 million
births that occurred during this period in the 198 U.S. counties with populations
greater than 250,000 in the 1990 census because county of birth is not identified on
birth certificates in smaller counties. Even if it were, sampling errors would make it
difficult to calculate maternal and neonatal mortality for smaller geographic locales.
Washington, D.C., was dropped from the analysis because medical malpractice data
were not available for this area.

We classified infants as low birthweight (LBW) if their birthweight was less
than 2,500 grams (n = 800,109) and as normal birthweight (NBW) otherwise (n=
9,361,844). Even with the large sample sizes at our disposal, we were unable to re-
liably estimate risk-adjusted cesarean rates separately for very-low-birthweight
(VLBW) infants (those less than 1,500 grams, n = 151,480) in smaller cities. We
therefore combined this group with LBW infants and use the term “LBW” in the
text to designate all babies born under 2,500 grams. We defined cesarean deliveries to
include both primary (n =1,337,130) and repeat cesarean (n = 757,657). Using this
definition, 20.6 percent of our sample had a cesarean delivery. This reflects a rate of
37.3 percent for LBW births and a rate of 19.2 percent for NBW births.’ In two unre-
ported secondary analyses, we repeated our analysis using (1) a subsample of our
data where repeat cesarean and vaginal birth after cesarean (VBAC) deliveries were
excluded from the analysis, and (2) a sample of first births (where the decision to
perform a repeat cesarean is not possible). Both secondary analyses yielded results
that were virtually identical to the full-sample results reported below.

Data on physician and hospital resources, including the total number of physi-
cians, pediatricians, and obstetrician-gynecologists (OB-GYNs) per birth; neona-
tal intensive care unit (NICU) beds per birth; and Medicaid share of inpatient
days, are from the Area Resource Files (ARF). We also obtained data on county
characteristics such as population, per capita income, urban classification, and
demographic composition from the ARF.

]
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We measured malpractice liability pressures in two different ways. First, we in-
cluded the number and size of malpractice payments (arising from judgments and
settlements and measured separately for surgery, obstetrics, and internal medi-
cine) per physician in each state, ascertained from the National Practitioner Data
Bank (NPDB). Our choice of these measures was motivated by research finding
that physicians respond to both the number of claims and the average size of mal-
practice awards: Being sued imposes costs on physicians, including lost time at
work and psychic costs."” Ideally, we would have used claims per physician, but
there is no nationally representative source for these data. This limitation would
cause us to understate the potential role of malpractice liability. Second, we con-
structed a measure of malpractice liability pressure based on average physician
malpractice premiums, as reported in the Medical Liability Monitor, a national survey
of insurers. This measure addresses concerns that some payments may be missed
by the NPDB and the fact that payments reported to the NPDB reflect claims filed
a few years ago. A further advantage of using malpractice premiums as a measure
of malpractice liability is that it reflects insurers’ estimates of open and future
claims—a factor that will be missed by the NPDB but might still affect physicians’
practice style. Our measures are not mechanically correlated; indeed, other re-
search has argued that a number of factors, including the interaction of state
regulatory oversight and the insurance underwriting cycle, determine premiums."

County-level maternal mortality was calculated from the NCHS’s multiple-
cause-of-death mortality data from 1995 to 1998."> We counted any woman in an
area ages 10-54 for whom “complications of pregnancy, childbirth, and the
puerperium” is listed as the primary cause of death. We calculated maternal mor-
tality ratios by dividing the count of maternal deaths by the number of live births
that occurred in each county during the same time period.

W Analyses. Correlates of area-level cesarean rates. We calculated unadjusted county-
level cesarean rates and evaluated the correlates of this county-level intensity. We re-
port analysis of variance (ANOVA) results, which explain the variance of these rates
using four sets of covariates in a prespecified order that allows birth and socioeco-
nomic status (SES) characteristics to have maximum explanatory power; doing so
minimizes the role of nonmedical factors such as provider capacity and malpractice
pressure: (1) an index of patient-level characteristics (calculated using predictions
from a regression model of cesarean delivery on variables in the birth certificate
data); (2) county-level measures of socioeconomic factors (including average in-
come, unemployment rate, percentage living in poverty, percentage urban, percent-
age white, percentage of the population with less than a high school degree, high
school and college degrees, percentage of hospital patient days eligible for Medicaid,
and size of the population); (3) county-level provider characteristics (including to-
tal physicians, surgeons, pediatricians, OB-GYNs, internists, and other specialists
per birth, as well as neonatal intensive care beds per birth); and (4) state-level medi-
cal malpractice liability (including the number and size of judgments and settle-
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ments by medical specialty and malpractice premiums by specialty).”

Area usage rates and the predicted probability of cesarean birth. The second step in our
analysis was to correlate risk-adjusted area-level variations in cesarean usage rates
with our measure of the average appropriateness of patients who received the pro-
cedure. We hypothesized that in areas with higher cesarean rates, the interven-
tion is being used for births that are less medically appropriate for it. If this were
true, we should observe a negative relationship between the PPC for all births by
cesarean and area cesarean rates. Note that this is not a mechanical relationship—
both a positive relationship and no relationship are also possible. The former
would occur if physicians are first performing cesareans based on some
unobservable characteristic (for example, patients’ income or insurance cover-
age), regardless of medical appropriateness, before moving on to more appropriate
patients. The latter would occur if some areas are uniformly more aggressive and
perform cesareans without regard to clinical appropriateness. No relationship
would also be observed if half of physicians performed cesareans by the first effect
and half by the second.

We computed risk-adjusted county cesarean rates by estimating a regression
model of the probability that an individual infant is delivered via cesarean on pa-
tient-level covariates and indicator variables for each of the identified counties in
our data. The coefficients on the county indicator variables estimated the risk-
adjusted probability of receiving a cesarean delivery in each particular county.*

The PPC was also obtained from this regression, but it relies on only the portion
of the prediction that relies on birth certificate data; it excludes the county fixed
effect.” Thus, the PPC measures which births are more likely to involve a cesarean,
based on clinical characteristics but independent of the local practice style. The
regressions that generated these rates yielded an R* of 0.39 for NBW babies and
0.32 for LBW babies. Thus, we are able to explain at least as much of the variation
in cesareans as previous research, which finds an R? of 0.37 using both birth certif-
icate data and discharge data to construct risk-adjusted cesarean rates."® We re-
port least squares regressions (WLS) to examine the relationship between the
risk-adjusted cesarean rate for each birthweight category and the PPC at the
county level.

Procedure intensity and mortality. The third step in our analysis was to evaluate the
relationship between (1) variations in the intensity of the use of cesareans and (2)
maternal and infant mortality across areas. Even if physicians in areas that use
cesareans more intensively are performing the procedure on less and less appro-
priate patients, their patients could still have better outcomes if the physicians are
more skilled at the procedure. We tested this hypothesis by regressing both risk-
adjusted infant mortality and maternal mortality on risk-adjusted cesarean rates.
We performed this analysis using both WLS and negative binomial regression and
obtained quantitatively similar estimates. To preserve transparency, we report the
results from the former technique.
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Study Results

M Correlates of area-level variation in the use of cesareans. Exhibit 1 illus-
trates the variation in unadjusted cesarean rates that can be explained by patient
and area characteristics for births over 2,500 grams and those under 2,500 grams.
Characteristics of the birth explain much more of the variation in cesarean rates for
LBW infants than they do for NBW infants. For both NBW and LBW births, a large
part of the variation remains unexplained.

Exhibit 2 reports the range of unadjusted and risk-adjusted cesarean rates for
the United States and the fifty-one counties with the most births between 1995
and 1998.7 With few exceptions, risk adjustment does not greatly alter the rank-
ing of the counties, and the correlation coefficients between area cesarean rates
obtained from unadjusted and risk-adjusted models are 0.93 (p < .001) for NBW
births and 0.84 (p <.001) for LBW births."* Counties whose risk-adjusted rates are
higher than the unadjusted rates have cesarean usage that is more intensive than
what would be predicted using observable characteristics. The variation in the
rates is large: Even in the largest U.S. counties, risk-adjusted rates ranged from 6.7
percent to 28.9 percent for NWB births and from 25 percent to 50 percent for
LBW births.

B Cesarean delivery and medical appropriateness. In Exhibit 3 the average
PPC of patients receiving a cesarean in each area is plotted against risk-adjusted
area-level cesarean rates. LBW babies are more likely to be born via cesarean than

EXHIBIT 1
Correlates Of County Cesarean Rates For Births With Normal (2,500 Grams Or More)
And Low And Very Low (Less Than 2,500 Grams) Birthweight, 1995-1998

Normal birthweight Low and very low birthweight
Unexplained ____ Birth  Unexplained
40.5% factors 42.8% B
8.6%
’ factors
22.7%
County
— ses County
27.3% — sEs
11.3%
Medical ™~ Capacity Medical ™~ Capacity
malpractice // 8.8% malpractice ./ 9.3%
14.8% 13.9%

SOURCE: Authors’ calculations from U.S. natality data, 1995-1998.

NOTES: Fraction of variation in use of cesareans across 198 U.S. counties in 1995-1998 attributable to different correlates,
including patient-level characteristics (mother’s age, race, education, and marital status; adequacy of prenatal care; medical risk
factors; congenital anomalies; and complications of labor and delivery), county-level measures of socioseconomic status (SES)
factors (average per capita income; unemployment rate; percentage living in poverty; percentage urban; percentage minority;
percentage with less than high school, high school diploma, and college degree; percentage of hospital patient days eligible for
Medicaid; and population), county-level provider supply (total physicians, surgeons, pediatricians, obstetrician-gynecologists,
internists, and other specialists per birth, as well as the number of neonatal intensive care unit beds per birth), and state-level
malpractice liability (the number and size of judgments and settlements by specialty and malpractice premiums by specialty).
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EXHIBIT 2

Cesarean Rates For Normal-Birthweight And Low/Very-Low-Birthweight Births For
The Fifty-One U.S. Counties With The Largest Number Of Births, 1995-1998

Unadjusted rates (%)

Adjusted rates (%)

Normal Low/very low Normal Low/very low
County State Major city birthweight  birthweight birthweight birthweight
Hennepin MN Minneapolis 13.4 37.0 12.5 354
Milwaukee WI Milwaukee 13.5 26.7 13.5 29.8
Denver CcO Denver 13.7 35.0 15.8 32.0
Salt Lake uT Salt Lake City 14.4 35.6 15.8 32.2
Maricopa AZ Phoenix 14.7 34.8 17.6 35.0
Franklin OH Columbus 15.6 36.1 18.0 35.9
Alameda CA Oakland 15.9 33.2 19.2 38.5
Travis X Austin 16.4 35.8 17.3 36.7
Santa Clara CA Santa Clara 16.6 37.3 18.0 36.1
Wayne Mi Detroit 16.7 31.1 18.5 35.2
King WA Seattle 16.8 36.3 14.0 315
Sacramento CA Sacramento 17.0 38.1 18.0 37.9
Cook IL Chicago 17.0 323 19.2 35.7
Baltimore City MD Baltimore 17.5 29.4 19.5 35.2
Hamilton OH Cincinnati 17.6 38.3 17.2 35.0
Bronx NY Bronx 17.9 315 19.8 36.1
Allegheny PA Pittsburgh 17.9 34.0 16.2 31.2
Fulton GA Atlanta 18.1 34.2 19.4 38.9
Orange FL Orlando 18.2 37.1 20.1 37.4
Cuyahoga OH Cleveland 18.2 34.1 17.8 34.5
Philadelphia PA Philadelphia 18.4 31.6 16.3 35.2
Marion IN Indianapolis 18.5 36.3 19.3 36.5
Clark NV Las Vegas 18.7 38.8 20.9 41.3
Orange CA Long Beach/Santa Ana 18.9 40.7 21.5 39.8
Riverside CA Riverside 18.9 39.1 23.7 44.2
El Paso X El Paso 19.0 36.8 19.7 37.3
Middlesex MA Cambridge/Boston 19.0 33.7 15.0 33.6
San Diego CA San Diego 19.3 38.9 21.9 42.0
Suffolk MA Boston 19.4 42.5 15.5 32.9
Tarrant X Fort Worth 19.6 40.8 20.3 40.9
Montgomery MD Greater DC area 19.7 38.8 17.5 35.8
San Bernardino  CA San Bernardino 19.8 41.4 233 43.5
Dallas X Dallas 20.0 36.2 20.2 36.3
Bexar X San Antonio 20.2 39.6 20.2 39.6
St. Louis MO St. Louis 20.3 39.0 17.0 33.8
Kings NY Brooklyn 20.3 34.1 211 38.1
Oakland Ml Greater Detroit 20.4 39.6 17.7 35.6
Fairfax VA Fairfax 20.5 425 19.6 40.3
Shelby TN Memphis 211 33.8 19.9 37.0
Palm Beach FL Palm Beach 211 37.1 21.8 38.2
Harris X Houston 211 38.5 211 38.8
Fresno CA Fresno 21.1 37.5 26.4 425
New York NY Manhattan 21.3 41.7 18.4 394
Queens NY Queens 21.9 36.7 21.6 39.5
Los Angeles CA Los Angeles 22.0 425 25.0 45.9
Essex NJ Newark 23.6 39.9 20.5 38.2
Hillsborough FL Tampa 23.7 43.9 24.3 44.1
Nassau NY Greater New York City  23.9 45.3 21.5 40.9
Miami-Dade FL Miami 24.5 36.8 25.6 41.8
Broward FL Ft. Lauderdale 24.5 43.8 24.4 44.8
Suffolk NY Long Island 26.0 45.1 21.3 39.9
]
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EXHIBIT 2
Cesarean Rates For Normal-Birthweight And Low/Very-Low-Birthweight Births For
The Fifty-One U.S. Counties With The Largest Number Of Births, 1995-1998 (cont.)

Unadjusted rates (%) Adjusted rates (%)

Normal Low/very low Normal Low/very low
County State Major city birthweight birthweight birthweight birthweight
U.S. rate® 19.2 37.3 19.2 37.3
Range: 1st-99th percentile 11.9-28.7 24.4-49.9 6.7-28.9 25.0-50.0

SOURCE: Authors’ calculations from U.S. natality data, 1995-1998.

NOTES: Risk-adjusted cesarean rates for normal-birthweight (NBW) and low-birthweight (LBW)/very-low-birthweight (VLBW)
births in the fifty-one U.S. counties with the most births in 1995-1998 (n = 10,161,953). Counties are listed in descending
order of the total number of births. The correlation between NBW and LBW/VLBW cesarean rates is 0.87 (p <.001), and the
correlation between adjusted and unadjusted rates is 0.71 (p <.001).

2The 198 largest U.S. counties.

NBW babies, but even for these births, the variation in risk-adjusted rates across
large counties is striking. For both NBW and LBW babies, the average birth through
cesarean has a systematically lower PPC in areas that do more cesarean sections.
Increases in the cesarean rate are associated with major declines in the average
medical appropriateness of births.

B Cesarean use and patient mortality. Our third analytic step was to examine

EXHIBIT 3
Relationship Between Predicted Probability Of Cesarean Birth And Cesarean Rates,
Normal Birthweight And Low/Very Low Birthweight, 1995-1998

Predicted probability for cesarean (PPC) for all cesarean births
0.80

0.70 \’\ -
0.60 \'-- )

H v
° %0 Qo g
0.50 \ Y
hd 0B

0.40
° oo 0o
0 Ve @@ o
0.30 ’ & e o .
Normal birthweight ’
0.20
0.00 0.10 0.20 0.30 0.40 0.50 0.60

County risk-adjusted cesarean use rate

SOURCE: Authors’ calculations from U.S. natality data, 1995-1998.

NOTES: Relationship between each area’s cesarean rate and the average probability of cesarean delivery among cesarean
births in the area (a measure of appropriateness). A ten-percentage-point increase in the cesarean rate for normal-birthweight
births (2,500 grams or higher) leads to a fourteen-percentage-point reduction in appropriateness for cesarean births (p <.001)
and a nine-percentage-point decline in appropriateness for low-birthweight and very-low-birthweight births (less than 2,500
grams) (p < .001). Observations are 198 U.S. counties (1995-1998).
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the effect of risk-adjusted area cesarean rates on risk-adjusted infant and maternal
mortality rates (Exhibit 4). For NBW births, the standard deviation of the cesarean
rate was 3.2 percentage points, and a change in the cesarean rate of this magnitude
(from the average rate of 19.2 percent) would not alter neonatal mortality. Similarly,
for LBW births, the standard deviation of the cesarean rate was 4.8 percentage
points. Altering the cesarean rate from 37.5 percent upward by this amount would
also not result in a change in neonatal mortality. The exhibit also shows the effect of
changes in use of cesareans on maternal mortality. There is a small but statistically
insignificant relationship: The average maternal mortality ratio is 7.3 deaths per
100,000 births, and a 3.2-percentage-point decrease in the cesarean rate is associated
with an insignificant change in the maternal mortality rate (p = .00).

Discussion

We have demonstrated that there is large geographic variation in the use of ce-
sarean delivery, only some of which is explained by patients’ characteristics and
county SES measures. A substantial portion of this variation remains unexplained.
This unexplained variation could be labeled as the “practice style” of an area, if it is
unrelated to patient and area characteristics. In fact, if the number of physicians or
NICU beds in an area is also a consequence of underlying variations in practice
style, then we might have understated the role of local practice style. On the other
hand, if county cesarean rates are partially determined by patients’ preferences,
then we have overstated the case for physician practice style. To the extent that
patients’ preferences are explained by the demographic variables that are con-
trolled for in our analysis (age; race; maternal schooling; and county SES measures
such as income, poverty, and population), our labeling of the unexplained varia-

EXHIBIT 4
Association Between Higher Cesarean Use Rates And Neonatal And Maternal
Mortality, 1995-1998

Neonatal mortality Maternal mortality

Normal Low and very
birthweight low birthweight  All birthweights

Cesarean use rate 19.2% 37.5% 20.5%
Standard deviation (SD) of cesarean use rate? 3.2 4.8 3.2
Mortality rate per 10,000 births 9.7 330.4 0.73

Effect of decreasing cesarean rate by 1 SD
on mortality per 10,000 births 0.2 (p<.97) 0.2 (p<.28) 0.096 (p <.10)

SOURCE: Authors’ calculations from U.S. natality data, 1995-1998.

NOTES: Estimated effect of differences in cesarean rates on infant and maternal mortality. Relationships were estimated using
births in 198 U.S. counties, 1995-1998. Decreasing the use of cesareans by 4.8 percentage points (one standard deviation)
among low-birthweight (LBW)/very-low-birthweight (VLBW) births would decrease neonatal mortality by 0.2 per 10,000 births,
but this change is not statistically significant.

2Percentage points.
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tion as “physician practice style” is justified.

We demonstrate that more-aggressive areas perform the procedure for births
that are less medically appropriate for the procedure. This finding is a prerequisite
for demonstrating that the higher rates are symptomatic of “flat-of-the-curve”
medicine, where physicians work into less appropriate populations. Indeed, our
analysis challenges previous work that found no relationship between the inten-
sity of diagnostic testing and clinical indications for the use of that test.”” We dem-
onstrate that some physicians are not systematically more aggressive than others
(that is, do not have a disposition to be more aggressive on all births regardless of
medical appropriateness); rather, physicians rank patients on a distribution of
clinical appropriateness and work their way down that distribution. The point at
which they stop in that distribution is affected by nonmedical factors such as
provider capacity, malpractice liability, and local physicians’ opinion.

B Study limitations. Our analysis is not without limitations. We relied on birth
certificate data; important information that is available to the physician, such as ma-
ternal drug use and detailed medical histories, was not available to us. We note that
our flexible birth-level risk-adjustment models have explanatory power that is iden-
tical to other studies that used both birth certificate and hospital discharge data. Al-
though this is reassuring, it does not mean that omitted factors are not an issue for
our study. For omitted factors to bias our analysis (by overstating the role of physi-
cian practice style), they would have to be more prevalent in areas with higher cesar-
ean rates and completely uncorrelated with the maternal characteristics and county
socioeconomic factors that we controlled for. To explore this possibility, we re-
stricted our sample of births to states that report information on tobacco use, alco-
hol consumption, and weight gain during pregnancy, and we included these vari-
ables as additional covariates in our analysis. The correlation between risk-adjusted
area cesarean rates using these additional covariates and those reported in Exhibit 2
was 0.98 (p < .001) for LBW births and 0.99 (p < .001) for NBW births. These
findings suggest that certain types of omitted clinical variables might not be of first-
order concern.

B Policy implications. Our finding that physicians in areas with higher cesarean
rates are performing procedures that are of decreasing medical value to patients has
important policy implications. Cesareans are an expensive intervention, with an av-
erage cost in 2003 of $12,468—twice the cost of the average vaginal birth ($6,240).
There is also evidence that women undergoing a cesarean delivery are at much
higher risk for rehospitalization for uterine infection and obstetrical surgical wound
complications.® The real costs of a cesarean delivery might therefore be much
higher than we have stated. Our analysis demonstrates that reductions in the cesar-
ean rate in high-use counties (of the magnitude of three to five percentage points)
will not affect mortality among newborns and mothers. Reductions in the cesarean
rate have been demonstrated to be achievable in the clinical literature: A hospital
was able to reduce its rate from 17.5 percent to 11 percent over two years without any
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adverse health outcomes. The reduction was achieved by requiring a second opin-
ion, by providing objective criteria for when a cesarean delivery is indicated, and by
areview of all cesarean deliveries. If the cesarean rate is to be reduced, we would also
argue that reductions should be targeted toward primary cesareans and not repeat
cesareans. The latter are believed to be safer than the VBAC alternative, and each
primary cesarean that is averted also eliminates the need for a repeat cesarean.”!

Reductions in the cesarean rate could deleteriously affect other health out-
comes that were not examined in our study.? Furthermore, if county cesarean
rates reflect patients’ preferences for elective cesareans, then reducing the rate
will reduce patient satisfaction. Although there has probably been an increase in
patient demand for elective cesarean delivery, it is not known if this explains the
geographic variation in cesarean rates, and it is difficult to rationalize preferences
as being the explanation for the ten-percentage-point difference in cesarean rates
between Minneapolis and Miami. The importance of preferences can be partially
assessed by examining the role of county socioeconomic factors that ought to be
correlated with patients’ preferences (such as income, educational attainment,
percentage minority, and percentage metropolitan). Relative to the unexplained
variation and variation explained by medical malpractice and capacity factors, the
role of county factors is small, and it suggests that preferences cannot be the prin-
cipal driver of geographic variation in cesarean rates. Likewise, patient satisfac-
tion has been shown to be unaffected by the presence of intensive health care.”®

Variation in local medical opinion about the right cutoff for initiating a cesarean
delivery, strengthened by available capacity and malpractice pressure, continues
to be the best explanation for the facts in our analysis. In an era of soaring health
care costs, where already strained public programs reimburse for cesarean deliv-
ery, it seems particularly important to consider the ramifications of intensive
treatments whose medical benefits are uncertain when performed in less medi-
cally appropriate populations.
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