Baby Boomlets and Baby Health:

Hospital Crowdedness, Treatment Intensity, and Infant Health

ByMINDY MARKS AND MOONKYUNG KATE CHOI*

To identify the causal relationship between health care spending
and infant health, we introduce a new instrument: tinbenber of
infants born on a given day in a given hospital. The thought
experiment is on a crowded dayrak infants receive reduced care
because resource constraints are binding. Using detailed
information on every birth in California from 2002 to 200& find

that hospital crowdedness impacts treatment intensity. We show that
OLS estimates overestimate the benefits of medical care. Our results
suggest that the mortality benefits from additional spending are
negligible and that more intensive treatmentreases hospital
readmission rates. (JEL codes: 112, 118)

* Marks: Department of Economics, University of California, Riverside, 4110 Sproul Hall, Riverside, CA @2&2l:
mindy.marks@ucr.eguChoi: Keck Gaduate Institute, 535 Watson Drive, Claremont, CA 9174rhg#:

mkkatechoi@gmail.cojn This work benefited from conversations with Jorge AgYero, Douglas Almond, Carlos Dobkins,

David Fairris, Mireille JacobsoGeoffrey Joyce, Marc Law, Thomas Rice, John Romley, and Todd Sorekgethank
seminar participants at Colorado Univerdiignver, University of Californid.os Angeles, University of California
Riverside, University of Connecticut University of South€atifornia, and the Western Economics Association. We also
thank Ann Finkelstein and Sun Kim for helpful discussions regarding the clinical practices for neavizbthe staff at the
State of California Office of Statewide Health Planning and Developrkatcontent of this work does not reflect the

views of OSHPDWeEe are, of course, solely responsible for any errors



I. Introduction
Childbirth is the most common medical procedure. According to Nationwide

Inpatient Sample data (HCUP, 2005), almostpE9cent of all hospitalization

were reated to childbirth.Moreover, the second and third most expensive
condition treated in US hospitals were OMotherOs pregnancy and deliveryO and
Onewborn infantsO, which accounted for 5.2 percent and 4.3 percent of the
national hosppal bill, respectively(Russo and Andrews, 200®)espite escalating

health care cost little consensus has emerged about taéue of additional
hospital care for newborts.

The key methodological challenge when identifying the causal
relationship between health care spending and health isandiom selection of
patients into treatmenflo clearly identify the relationship betwedreatment
intensity and health an exogenous soured variation in treatment intensity is
needed.This paper introducea new identifyingvariable hospital crowdedness
measuredn its simplest formby the number of infants born on a given day in a
given hospitalWe examine the effectiveness of additiotrabtment that stems
from the noruniform distribution of birth dates within a given hospftalhe
thought experiment ithat on arelatively uncrowdedlay an infant may receive
more care either because the resource constraintessebindingor becaus
health careproviders respond to the temporary income shock by performing
additional procedures.

' Evidence from studies investigating teflectiveness ofiew therapeutic improvementsnds to suggest that additional

spending generageleclines ininfant mortality Richardsoret. al., 1998Cutler, 2005Phibbs et. al., 2007; Almond et. al.,
2010). However otherwork suggest that neonatalresourceshave expanded to the point where additional benefits are
negligible (Goodman et. al., 2002)Jsing exogenous variation in access to treatment generated by Medicaid expansion,
Currie and Gruber (1996) show that additional treatments to pregmanémvand children lowered infant mortality, while
Haas et. al. (1993) and Piper et. al. (1990) find no impact of Medicaid expansion on infant health.

2 This approach is similar in spirit to Hoxif2000) who looks at the effect of class size on student achievement using

exogenous variation in class size that stems from idiosyncratic variation in the population.
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We compare infantealth within the same hospital using variation in
hospital chargesper birth that arises fromshortterm hospital crowdingafter
netting out time period (day of the week, month of the year, and calendar year)
effects By exploiting the variationin crowdedness ithin hospital and time
period, our estimats are free of biasdue to heterogeneity in health outcomes
associated withresaurce availability, resourceuality, or patient mixamong
hospitalsand across time period#&fter netting out time period effectshet
number of infants born on a given day in a giiespitalis aplausible instrument
becausehe number of other infanisho share the target infantOs birthday should
not have any independent impact on the target irfdrg@ith other than through
the intensity othospital care reflected inospital chargesMoreover,the number
of other infants born on a given day in a givespital is highly correlated with
health care spending for the target infantl other measures of treatment intensity

Previous studies have aglegislative mandates, specificalipardatory
minimum length of stagoverage for hospitalization afteirth to obtain estimates
of the causal impact of additional treatmentrdiant health as measured by infant
mortality and/or hospital readmissionThesestudiesfind no benefit of longer
postpartum hospital stayn infant mortality andmixed results foreadmissior?
However these studies argiased towards finding a null effect of treatment on

infant healthbecausetheir identification stens from treatmentthat is altered

$" Madden et. al. (2002jnd little or no relationship between postpartum hospitalsseyd hospital readmission rates.
Meara et. al. (2004) find rates of -akuse rehospitalizatiodid not changen the year after legislation was introduced

Datar and Sood (2006) find that longer hospital stays for newborns are associated with lowslitg®ld hospital
readmissions but no impact on infant mortality. Using a similar methodology as Datar and Sood but a richer restricted use
dataset Evans et. al. (2008) find no effect of mandated extended hospital stays on infant mortaditydraieed results

for readmission rates depending on the medical risk of the subgitmpnd and Doyle (2011) find thatfants born

shortly after midnighthave longer hospital stays than infants born shortly before midnight due to hospital billing practice.
They show that remaining in the hospital longer has no effect on readmission or mortality. Evans and Garthwaite (2012)

find that for average newborn impacted by the law, longer stays have a statistically insignificant impact on hospital

readmission rates. Hawver, they find impastfor those infants with a high likelihood of readmission



becauseof legislative mandates not the decision of medical persoifnkéalth
care providers were practicing effectively, is not surprising thataws that
require longer hospitalization staf infants (who would have beewoluntarily
dischargedoy medical personnddefore theinsurance mandatelo not produce

any health gainsA related literature usesstatelevel variation in malpractice
reform Currie and Macleod (2008) find no impact of a reduction in procedures
such asCaesarean section and inducement on newborn héadldwing tort
reform A null effect of treatment ieinsity on newborn healthight be expeatd

if the proceduresliminatedareprocedurs of marginal medical valugrocedures
which the medical community was only performing out of fear of lawsuits.

Unlike these studiesour empirical approachexploits variation in
treatmenthat stems from decisions made by medical personnel when responding
to hospitalcapacityconstraints. In other words, we are identifying the impact of
care medical personnel chose to add when un@net which is likely to be of
more vale than care added by legislative mandatefear of malpracticeln
addition we estimate a policy relevant Local Average Treatment Effect. The
infants who receive less care when the hospital is crowded are prettisel
infants who would be the first ones to receive less care if hospitals became more
resource constrained due to hospital closures or an increasing birth rate.

We focus on the causal relationship betwhkespital spendingnd infant
health measured by mortality and hospital readmiséidks the best available
summary measure of health inputsospital charge reflects length of stay,
number of procedures, and kinds of procedures performed during the

4 There is a large related literature on hospital treatment intensigdarithealth Recent studies which use variation
treatmenfrom exogenous changes in insuranogerage (Card et. al., 2009) or from automobile accidzoylé, 2005)
suggest that additional hospital care improves adult mortBii¢pne et. al. (2003) find that higher hospitalization costs
improve patient survivaHowever, sudiesthatusegeograpic variation inhospitalspending tend to find little to no

benefit from additional spendin@kinner et. al., 20Q3.andrum et. al., 2008
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hospitalization Health care spending &so at the center of the policy debates
We furtherfocus a at-risk infans. At-risk infants are thoseho are eitherborn
prematurelyor with low birth weight Our analysis suggestbat differences in
hospital chargebetween infants born otrowdeddays anduncrowdeddays are
especially pronounced amoagrisk infants.Additionally, mortality and hospital
readmission are uncommon for Ratrisk infants. For exampléhe average one
year mortality rate foatrisk infarts is 2.7 percent compare @2 percent for
those infants who are notask. Theverylow mortality and readmissiorates for
nonatrisk infantscould mask théeneficialeffects of highehospitalspending.

Our dataset capturesvery birththat occurred ina California hospital
between 2002 and 200&fter conditioning on a rich set of control variabléd,S
estimatessuggest that higher health care spending is associatedmytbved
infant health. Our main finding is thatt-risk infants who had more intensive
hospital stag because theyere bornon uncrowdeddays fared no betteghan
their busy dayounterpad, and may fare worsédditional health care spending
does not improve infant health stamsmeasured Y neonatal (28 daymortality
or oneyear mortality rates When infant health is measured by 2By
readmission rate, we find evidence that additional spending is harhifese
finding are robust to alternaBvmeasures of crowdednedsmt account for the
duration of thehospital stayWhenwe look at alternative measures of treatment
intensity, similar findings are obtained.

Two relatedworks document that hospitals respondstmrtterm variation
in hospital crowdednesBy reducing careEvars and Kim (2006) find some
evidencethat OhighiiskO adults who are admitted to a Californispital on a
Thursday haveslightly shorter lengthsof stays if the following Friday and
Saturday have above average admissibreedman(2012) documents that the
probability of admissions to Aleonatalintensive Care UnitNICU) increases

when there are more vacant NICU beds in an infantOs delivery hospital the day



prior to birth. The effect is particularly large ftow birth weightinfants for
whom there is discretion over the appropriate amount afntrent. These results
align with our findings that hospitals change the2atment decisions in response

to shortterm variations in capacity constrainis. reduced form regressigns
Evans and Kin{2006)find no impact of busy Friday/Saturdays on adulirtality,

and small and normally insignificant impacts on readmission probabilltres;

do not look at hospital charges or directly investigate the effect of length of stay
on health outcome®Vhile interested in the causal impact of NICU admission on
infant health Freedmar{2012)argues thait is inappropriate to usempty NICU

beds as an instrumemd estimate the effect of NICU admissions on hiadpi
charges and health outcomeiirst, NICU capacity may impact costs and
outcomes through avenues othkan NICU admission, say by substitution of
resources between NICU and rNICU patientsSince we focus on the impact of
changes in hospital spending and not changes in NICU admissions in response to
crowdedness, our estimates do not suffer ftbim corcern Second,Freedman
states thainfants who are placed into a NICU because there are emptyabeds
likely to beunobservably healthiefiolating the exclusion restrictioh.

This paper is organized as followSection Il describes the datasetd
provides support for our empirical strate@ection Illdiscusses theelationship
betweenhospital crowdedness antospital spendingSection IV preants our
main findings Section V presents and discusses results from various robustness
checks. Sdmn VI discusseslternative explanations fawur findings andSection

VIl concludes the paper.

® Reduced formed estimates in Freedman (2012) suggedbthand very low birth weighinfants born on days with
vacant NICU beds have lower mortality rates, thus suggesting that additional capacity in the form of NICU beds would
increase infant healtile notes that estimates on mortality due to empty NICU beds may overstate the thueffesatif
unobservably healthier infants are placethiaNICU. If we estimate a reduced form equation similar to the one estimated
by Freedman, we find that infant born on dayth relatively few deliveriehavehigher mortality ratesFreedman finds

no impact of empty NICU beds on-28y readmissioh.



I1. Data and Descriptive Statistics
A. Data

The data used in this study are confidential data provided by the California Office
of Statewide Health Plannirand Development (OSHPD). The OSHB&talink
infant hospital discharge recortty all hospital stays during the first year of life
with birth and death certificate data. The OSHPD data prdortledate andirth
hospitalfor every hospital birth irCalifornia between 2002 and 2Q08hich are
used to generate our identifying variable, the hosfataedl crowdedness on
delivery day. While lacking complete health procedure rmétion, the data
containhospital charges for both infant and mother Emdth of hospitaktay.lt
also provids detailed information on prenatal carparenél demographic
information newborncharacteristicsWe can exploit the linked nature of our data
and construct our measures of newborn health: whether the newborn died wit
28 days, died withia year, or was readmitted tnyaCaliforniahospital within 28
days.

For the purposes of this study, we measure hospital charges/speasling
the sum of hospital charges from all consecutive hospital stays afterlbiath.
newborn was transferred from the birth hospital, we track the infant charges for
all transferred hospitals stays until the newborn was discharged and included

""We cannot identify readmission if it occurs out of the state of California or if the infant is readmitted to a Federal

hospital. Similarly we cannot identify an infant death if it occurs outsidsttte of California.

(" Throughout the paper we will use the terms hospital charges and spending interchangeably. Hospital charges include all
charges for services rendered during the infantOs stay at the facility, based on the hospital fully esisdsisHedpital

based physician fees are excluded. We assume that hospital charges and physician fees are positively correlated.
Additionally, hospital charges could be thought of as list prices, the actuad gréceften much lower and vary by hospital

and insurance companies. Thus we control for hospital fixed effects and type of insurance coverage in all regressions. We

have no reason to believe that the negotiated price varidge lhaily hospitatrowdednes$



these charges in our measure of infant hospital charges. Similarly, hospital stay is
the lergth of consecutive hospital stays after the birth including transfers.

Initial data from OSHPD contained Z5954 birth records with birth date
and birth hospital We exclude all Kaiser Foundation HospitaklscauseKaiser
Hospitals are exempt from repogd hospital charges. Instead of charging
specifically for an inpatient stay, Kaiser Hospitals receive a constant monthly
(capitated) payment from each member, whether or not that member is
hospitalized. Additionally, a small fraction of our sample (less tthree percent)
is born in a hospital whereery few deliveries occuBecause there is limited
variation in crowdedness, we exclude all hospitals where the aveye
number of births is less than two. i¥heaves us2,329,810 births at 226
California hospitals. We construct owlaily crowdedness measures from this
sample.

Our analysis sample is further restricted toisk infants® We classify an
infant as atisk if she islow birth weight or prematuref-ollowing Centers for
DiseaseControl andPreventiondefinitions we limit the sample to those births
wherebirth weight was less than 25@6amsor gestation length was shorter than
37 weeks.We drop the handfulof records with missing hospital charge
information? We also dropnfants born during the first and the last weeks of our
sample period. When we extend our measure of crowdedness, we cannot obtain
the number of infants born before or after the delivery day for those infants born
on the first or last week of the sampleipd, respectivelyAmong the 2.3 million
infantsthat are bornn one of 226 California hospitalzetween theyears 2002
and 2006there are 302,649-atk infants

)" If we conduct the analysis for all Qfarnia births, we obtain qualitatively similar findings. If we focus on the-aon

risk infants, we find a small negative relationship betweespitalcrowdedness and hospital charges which can be entirely
explained bylonger hospitastays.

*"There were391 observations with missing information on hospital charges. While the mortality rate for those with

missing charge is very high, it is higher elowday deliveries (49/79 or 62%), thansyday deliveries (58/102 or 57%).



Table lreports the summary statistics for our analysis samphba-ik
infants as wellas the births whichare used to construct the daily hospital
crowdedness measuréhe average infant ithe analysisample is born to a 28
yearold woman who completed high school. Over half alif births are to
Hispanic womenand more thanhalf of the births are covered under Medicaid.
The aerage hospital chargéor atrisk infants isaround $64,000. Charges
increase to 1,326 if we include hospital charges billed to the mother for the
delivery. The average length of stay in hospital .B83lays which rises to Q
days forat-risk infants. While oneyear mortality of all infants is 0.5 percent that
of atrisk infants is more tharfive times higher at2.7 percent. The 28 day
readmission rate for aisk infants is 11.6 percent, four timkgher than the rate
for all infants.About 16 percent ofatrisk births are multiple births compared to
only 3 percent of all births.

B. Variation in Daily Hospital Crowdedness

Our identification strategy requires sufficient within hospital variatiothendaily
numbe of births. Panel Aof Table 2reports descriptive statistics for selected
representative hospitals. Based on the average daily number of births, the smallest,
every 10" percentile, and #largest hospitals are shown. Thumrs showthe
mean the standard deviatiorthe minimum, the quartiles, and the maximum
number of infants born a day for each representative hospital during our sample
period. Table Zhows there is sizable variation in the number of births within a
given hospital. Foexample, in the 50th percentile hospital, 20 infants were born
on the busiest day and only one infant was born on the slowest day. The
interquartile ranges are also sizable.

While thenumbersin Panel Agive a sense of the underlying variation in
crowdedness, the identification strategy is based on exogenous variation in

hospital crowdednesslo isolate theplausibly exogenous variation in daily



hospital crowdedness, weonstruct a residual crowdedness measundich
captures the variation im@vdednessfter netting ouparity, hospital, and timing
effects Specifically, he residual crowdednesseasure is the;®s from equation

(2).
(1) Number of Birtls; = Parity; + Hospita} + Day of the Week+ Yeat + g;

Number of Birtts;; is the number of birthin hospital j,on infant iOirth
date t. Parity; is a set of indicators for multiple births (twins, triplets, and
guadruplets or more).We include parity, because mitiple births are
mathematically correlated with daily hospitmowdedness, and multiple births
are associated worse health outcomes. Thus the variation in crowdedness that
stems from multiple births violates the exclusion restriction.

The hospitals in our sample varyaapacity and resources, both of which
are asociated with better healtbutcomes(Gaynor et. al., 2005; Phibbs et al.,
2007 Wehby et. al., 201Evans and Kim 2006thus weinclude hospithfixed
effects in equation (1)We condition on day of the week, because there are
significantly more birth®n weekdays than weekenadsd umerous authors have
documented an association between weekend births and higher infant mortality
rates(MacFarlane 1978; Rindfuss et. al., T9; Mangold, 1981l We further net
out year fixed effects to avoid the bias frdine correlation between increase in
the number of births over time and the increase in hospital charges and infant
health over time.

The first row of Panel B in Table Zummarizes the variation in the
residuas for our main crowdedness measure: daily nundfebirths. In essence,
the residual crowdedness measure captures the variation in hospital crowdedness
after netting out parity, hospital, and time effects. Even aftéding out variables

that are associated with crowdednessere is sizable variationn daily



crowdedness. The residuals range frdi®.83 to 19.63. At the 35percentile of

the residual distribution, there are 2 fewer daily births than the heogpaatiay

of the week average, at the"™7Bercentile there are 1.9 more births than the
hospitatyearday of the week average. Throughout the paper we refsloto

days as days with residuals in the bottom quartile of the residual distribution and
busydays as days with residuals in the top tlearThe standard deviation of the
residual crowdedness measure is 3.21 (by construction the mean is zero). We will
discuss the magnitude of the first stage results assuming a change in the number
of daily births of one standard deviation of the residualvdedness measure

C. Observable Characteristics by Hospi@towdedness
The underlying assumption for our identification strategy is thaspital
crowdedness should be uncorrelated with any infant level obseryabte
unobservabletrait that may impact infant healthWe present evidence on the
validity of our approachby reporing summary statisticseparatelyfor atrisk
infants bon onbusyandslowdays Recall thafor a givenhospital a deliveryday
is defined asusyslow if the day is in the toftoottom quartile in the residual
crowdedness distributioin essenceve ask,given ahospital, yearday of week,
singleton or multiple births, whether infants born sbow daysare different for
their counterparts born obusydaysin terms of observableharacteristics. If
there are differences in observable traitgails into question the identification
strategy as it suggests tishdwday births may differ in their health outcomes for
reasons other than hospital crowdedness.

While conditioning on parity, hospital, yeanaday of the week rules out
manyobvious threats to identification, other possible threats remain. One possible
threat would be hospitals rerouting mothers in labocrowded hospitals direct
mothers to less cvaded hospitals based on potential delveomplications, our

estimateswvould be biased becaudbe underlying health status of infants born



would be correlated with hospital crowdedneS$ernatively, say thaextremely

warm weather creates pregnancgmplications thainduce early labor. If so
warm days would be more crowdexhd those infants born on warm days would
need more treatments due to shorter gestation lengths, thus threatening our
identification strategy.

Table3 presents evidence on valiyliof our instrumentThe averagbusy
day has aboutwice as manybirths & the averageslow day. Hospitals do not
appear to be using transfers to alleviate crowdediiégsunderlying transfer rate
is small. Thelikelihood of transferat some point during the initial hospitalization
is 0.1 percentage poitiigher onbusydays Howeverthe likelihood of transfeto
another hospitabn theinfantOsirth date is 0.1 percentage point lower trsy
days™®

The rest of the table demonstrates that for manportant infant
background variableslowday births mirror theibusyday counterpartsSlowday
infants andbusyday infants received similar levelof prenatal care. Parents of
slow day infants tend to be younger and less educated. However the size of the
difference is very small-or example, mthers ofslow day infants are younger
than mothers obusyday infants by 011 year, which is less than 40 day§he
difference in maternal education is only 09 years. Differences irpaternal
education and age aa¢so small The gender andacial distributionof infant born
on slow and busy days arealmost identicalimportantly, nsurance statualso
shows identical coverage across slow and busy day births Generally, the
differencesin observable traitbetweeninfants born onslow and busydays are

negligible

%" To further investigate ihospitals are transferring newborns to relieve crowdedness, we estinragméssion othe
likelihood of transfer on the infantOs birth date on hospital crowdedness and a compfeterssil variables. We find a

small negative and statistically insifjcant coefficient on the hospital crowdedness variable.
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Given that we find thahe reduction irspending associated withhowded
days does ndtarminfant healbh, we would be concernedbiusyday infants are
healthier thantheir slow day counterparts Slow and busy day infants have
identicallikelihood of reporting pregnancy complications. Additionalgesarean
sectionratesare also identical betweestow day infants and busy day infants
Birth weight and gestatiorength are the most commonly used indicators of
newborn healthThe length of gestation faow dayinfants andbusyday infants
are almostidentical while a-risk infantsborn onslow days areonly 8 grams
lighterthan theirbusyday counterparts

Overall, Table 3shows that, once we condition dmospital, yearday of
the week,and parity,there are no appareulifferencesin observable family
background and health indicat@sross infants born on crowded and uncrowded
days This suggests that the level of crowdedness is orthogonal to underlying
infant characteristics that may impact spending and heédtspital cowdedness
thus mimics an experiment in which nature assigmsgach infant, a level of
treatment intensity, independent of her background.

The bottompanet of Table 3 presentspreliminary evidence of our
findings. Despite the very similar pregnancy, newborn, palemind insurance
characteristicsinfants born orslow daysare treated more intensively than their
busyday counterparts. Specificallglow day infantsreportan additional$3,592
in hospital chargeandanadditional half dayf hospitalizationDespite receiving
more inensve medical cargslow day infantsreport slightly higher neonatal
mortality, oneyear mortality and 28day readmission rateshich suggest the

additional spending does niatprove, and may harnmfant health

II1. The Impact of Daily Hospital Crowdedness on Hospital Spending



Figure 1 shows a visual representation of the relationship between hospital
crowdedness and hospital charg8gpecifically,Figure 1 plots the differencen
average infant hospitehargedetweernbusyandslow day births groupedby 300
grambirth weightbins plotted at the midpoinfor instancethe data point which
corresponds to 1350showsthe difference inaverage hospital charge forrak
infants with birth weiglg between1200g and 180g Infants in this birth weight
categoryborn on slow daybave aradditional $4,022 imospital spendingAs is
clear from the figure,hroughoutthe birth weight distribution, there are sizable
differences in spending in favor sibwday infants.

Equation (2) formaliesthe relationkip between hospital crowdedness
and health spendingilizing the difference in health care spending thatearis
from variation in the number afifants born on a given day in a givhospital
The firststage equation for the IV estimate is:

(2) Spending;; = 8;Number of I"#$%& + X{;8,+ @¢ + A + w4

ijt

where Spending;;. islog of hospital charge for infanborn inhospitalj at timet.
If infant i was transferred to another California hospital after delivery, we tracked
all transferred hospital stays and added all listed hospital charges to construct the
infant spending measure. The key variablamber of Birtls; captures the
number of infants bm on infantiOs date of birth in hospifan dayt.

X is a vector ofcontrol variables. Included X, are pregnancy
characteristicgthe number of prenatal care visimonththe prenatal carbegan
and an indicator for pregnancy complication$, parental characteristics
(categorical dummy variableg®r age and education of mother and fatteerd
insurancetype), and rewborn characteristiogender, ace, parity(twins, triplets,

guadruples or morgand an indicator for hetherthe infant was the first born
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Flexible measures dfirth weightandlength of gestatioare also includedh Xj;.

Because of the nonlinear impact on infant health, bugght is categorized at
500g intervals and length of gestation is categorizéd@tveek intervals.

Il lis a set of timendicatos for the day of the weekmonthof the year,
major holiday (New YearOdDay, Independence Day,hdnksgiving Day, or
Christmas) and year As mentioned earlietthere isan establishedassociation
betweennveekend births andigher infant mortality rate$f weekends haviewer
quality staff and/or unobservably sicker infants, nhweekend births will have
poor health outcomesnd &ilure tocontrol for the dayof the weekwould bias
our result’* We include indicatowvariable for eaclmonth of the year to account
for the fact that infant anthaternal characteristics are not uniformly distributed
throughoutthe yea (Dehejia and Muney, 2008Buckles and Hungerman, 28
Currie and SchwangP013) There is seasonal variation in crowdedness as more
children are born in summer months than in other months of the\Weaalso
control forfour major holidaysvhen we observa significant drop in thewumber
of infants born. Wesuspectthat the level and quality of hospital staffs and
hospital care might be different on holidaybe year fixed effectsontrol for the
possible differences in health care price, resource capaartyg medical
technology and knowledg®ver timewhich may be correked with crowdedness
I, is a set othospitalfixed effects.Hospitalfixed effects control for anjrospital
specific characteristic that may impact infdr@alth This includes variation in
level of technology, training of staff, resource capacity patient mix.Robust
standard errors are clustered athibspitallevel.

Table 4 reports theresults of equation2f. When the number of infants

born on a given day in a given hospital increases by one, hospital spendatg per

! " However, more recent works (Dowding et. al., 1987; Gould et. al, 2003; Hamilton and Restrepo, 2003) show that
difference in underlyingnfantsChealth and family background across weekend andaeebirth can account for the

difference in mortality rates.
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risk birth decreases by 0.41 percent. Since the average hospital tiraageat-

risk birthis $64,126, a one standatdviation increase iresidual crowdedness
associated with a decreaséehiospitalspendingof $846. The first stage Fstatistics
is 17.58thus we do at have a weak instrument problem.

We note that the reduction in spending does not simply refledact that
infants born on relatively uncrowded days haigher Caesarean secticatas or
longer hospital staysTo investigate thesensitivity of our resuliswe have
estimated regressionacluding Gaesarean sectioas an additional control in
equation ). The coefficient oiNumber of Birtlsj; is unchangedsuggesting that
increased use of Caesarean section is not drivingobservedincrease in
spending”® If we include length ohospitalstay inequation ), the coefficient
on Number of Birtls; decreases by 2%ercentut remains statistically significant
at the onepercent levelWhile a quarter of # decrease ihospital charge can be
attributed tolonger hospitalstays the remainig 75 percent othe decrease in
hospital charge isssociated withmore intensdreatment.The first stage result
provides strong evidencethat health care providers change the intensity of
treatment based on tkbortterm fluctuations ircrowdedness in the hospital.

IV. The Effectiveness of the Health Care Spending on Newborn Health
Having established that hospital crowdedness is assdomth lowerspending
in this section, we investigate if this decrease in spending transibesorse
infant health Economic theory suggests, at the margin, the benefit of treatment
will be smaller than the cost of providing care especially initifent health
setting. The infant health setting faces a combination of high prices for inputs,

poorly restrained incentives for overutilization, and high incidence for malpractice

@' " J0-"/123" directly investigated ithospital crowdedness induces more Caesarean sections. The regression result
(available upon reques@portsstatistically insignificant relationship be¢é@n crowdedness and Caesarean sedtioally,

our null relationship between spending and infant health persists in the sample of vaginal idéinery



lawsuits (Anupam, 2011Additionally, the vast majority of births are coed by
insurance which leads to inefficient overutilization due to moral hazard (Pauly,
1968).

Figure 2 provides graphicalevidence that the additional spending that
occurs onslow days does not translate into better health outcorfigsire 2
reportsthe differences ironeyear infant mortality ratebetweenbusyand slow
dayinfantsby the same 300 gram birth weighihs used in Figuré. Despite the
higher spendinglocumented in Figure, Elow day infants seem to, if atlyng,
have higher mortalityates than theibusyday counterpartsAs is clear in Figure
2, across the birth weight distributiothe additional spending thaiow day
infants receive does not appear to translatelawer mortality

To formally measure the causal effect of hieatare spending on infant
health, we use equatioB)(for the second stage estimationomr twostage least
square (2SLSodel:

(1) I ! 10 TSRS ! T D I ! N

where the dependent variab¥g, is an indicator of thérealth statuf infanti
who was born irhospitalj at timet. We employneonatalmortality, oneyear
mortality, and 28-day readmissionrates asmeasures of infanthealth
Spending,,, is predicted log of hospital charge for infanfrom equation (2**
The rest of the control varialdere the same as in equatioh (2

OLS estimates off3; are likely to be biased due to unobservadables

in €. The direction of bias is given by two elements: the relationship between

$"42"["5367289-22":.-;;<" =e tried restricting the outcome variable to mortality rate froom-accidental causes only
(excluding ICD10 code 29850). The results (available upon request) are similar to those when mortality from all causes
is theoutcome variable.

9" Equation(3) is shown for conceptual purposes orlyhen perfornng our analysiswe useheivreg2 commend in

Stata"
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the omitted variable and the outcome varighiéant Healtl), and therelationship
between the omitted variable atiie variable of interestHospital Spending.
Consider the case whereinobservable parental characteristics such as
cautiousness/responsibility influence infant health. pdrental cautiousness
correlatemnegatively withinfant mortality or hospital readmissioand positively
with spending abirth (say, because cautious parents tend to have better insurance
and/or demand additional or more expensive treatments at farththeir
newborns), not including this variable in thequation B) biases the OLS
estimateslownwardssince part of the estimatdeneficialeffectof spending on
infant mortality or readmissiocan be attributed to parental cautiousnéssthe
otherhand, éss healthy infants magceive more intensive hospital treatmantl
have higher mortalityand readmissiomates biasingestimates of the returns to
such caraipwardin situations where the medical practitioners can obseie
health information than the econometricianSince we have rit initial health
measures,we expectthe bias due to omitting parental characteristiad
dominate and thadLS estimates will overstate the positive relationdiepveen
treatment intensity anithfant health We use hospital crowdedness to instrument
for Spending in equation (2) to address the endogenefitiyealth care spending
Table5 reports the estimated effectstadspital spendingn infant health
from a linear probabilitymodel where we firsignore and then address the
endogenity of health care spendingolumn (i) in Table 5reports the OLS
estimatesof the relationship betweemealth cae spendingand the threeinfant
health outcomesl'he OLS resultssuggest that additional hgital spending leads
to adtatistially significantdecrease imeonataimortality, oneyearmortality, and
28-day readmissiorrates.A ten percentincreasein spending on atisk infant is
associated witl®.21 percentage point decrease in-gear mortality from a base
of 2.7 percentand 0.08 percentage point decrease in readmission rate from a base

of 11.6 percent
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Column (ii) contains the correspondin§LXS estimats of the impact of
hospitalchargeson infant healthThe WuHausman HRess indicatethat the OLS
estimaes arebiasedtowards finding a beneficial impact of hospisgdending
When we ge the exogenouwariation in spending that arises from the relaxation
of a capacity constraiythe marginal benefibf hospital spending on infant health
is, at bestnegligible.This is a key result of the pap@ihe additionakpendingon
the infants who were born omslower days des not improve infanthealth as
measured by neonatalortality, oneyear mortality or 28day readmissiomnates
Although statistically insignificant the coefficients on the infant mortality
measuresire positive Note that theseutcomes a& uncommon, making power a
challenge even for atsk infants (Evans, Garthwaite, and Wei, 2008)e result
on readmission is statistically significant and implies that additional hospital
spending increases the likelihood of hospital readmission. Spakifi a ten
percent increase in spending onriak infants leads td®.56 percentage point
increase in the 28ay readmission ratelogether these resulimply that, if
anything, the additional health care spendiagntsthe infants. a phenomenon
known as iatrogenic harmNumerous studiegBlack, 1998 Fisher et. al., 2003;
Landrum et. al., 2@) Grady and Redberg, 2016nd evidence consistent with
latrogenic harm. These studi@sgue that additional medical care might be
harmful to patients becausd @reatments entail some risk. Additionaltyreater
use of diagastic tests may find abnormalitiadich would not have caugdarm
andlonger hospital stays increase the risk of infections

Our IV estimatesareidentified off of infants who have additional charges
billed solely because they were bornsbow days. Given that th&able6 reports
increasedinfant mortality and hospital readmissioassociated with additional
spending, we conclude thatn the marginadditionalspending does natduce

infantmortality. In the next section we investigate the robustness of this finding.



V. Robustness Tests

a. Alternative Measures ddospital Crowdedness
Thus far,hospitalcrowdedness is measurbg the number oinfantsborn on a
given day in a giverhospital However, a newborn might also compete with
infants born before and/or aftener birth date for medical resources such as
hospital bedsaccess tanedicalprocedures, and hospital stadffene we create
two alternative measures of crostthess Number oflnfantson Delivery [Cate
and Number oflnfantsduring Stay. Equatiors (4) and(5) show the first step of
how we construdhese measures.
(4) Numberof InfantsBorn Beforg; =

Zﬁ!! 1 WlgX number of non_at_risk infants;s
+ I3/ U1 Inumber of I" N"#$1"#$" %8,

(5) Number ofinfantsBorn After; =
Yi U D HS&N I T A" H#S" Y08,

+ Y LD NS0’ N I 1 IHEI " HS %ok,

Number of Infants Born Beforg, is a weighted sum othe number of
infants born in hospitglon the days prior tfanti® birthdaywhere theveights
(w1, w2) correspond to fraction afonat-risk and atrisk infant, respectivelywho
remain in the hospital on the target inf@ntlate of birthBecause atisk infants
havelongerhospitalstays we use different lengs(s, r) and weighs for atrisk
infants and noratrisk infants For examplewhen s is-1, we determinethe
number ofon-atrisk infants born onelay prior to the target infantOs birth date in

hospitalj andset w1,, to 0.74, becaus@4 percent olnonatrisk infants remain
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in the hospitabne day after they are born. We account forrtbeat-risk births
that happened up to seven days before. By the seventh day, mor@ trexneht
of nonatrisk infants are discharged frorhospitals.We include atrisk infants
born up to 14 days befotle target infantOs birth datewe employ a similar
procedure to computdumber ofInfantsBorn After usingthe samelengths and
weights.

Using equationsd) and {7), we tienconstructwo alternative instruments:
expectedNumber ofinfants onDelivery Date andexpectedNumber ofinfants
during Stay

(6) Number of Infants on Delivery Dagte= Number of Birthg
+ Number ofinfantsBorn Beforg;
(7) Number of Infants during Stay Number of Birthg
+ Number of Infant8orn Beforg
+ Number of Infant8orn After;

The averagenumber of infants in the hospital on the target infantOs
delivery datds 23.1 and theaveragenumber ofinfantsduring the hospital say is
35.8. We replaceNumber of Birtls; in equation (1)with Number of Infants on
Delivery Datg and Number of Infants during Stayrespectivelyto constructwo
additional residual crowdedness measuRemelB of Table2 summarizes the
additional measures afesidual crowdednessfrom equation (1).These new
residualcrowdednessneasureseport smaller minimums, larger maximums, and

wider interquartile rangethan the measure using only the crowdedness on the

'&" Sixteenpercent of atisk infants remain in the hospitfar longer than 14 day§iven the small number of-aisk
infants born a given day in a given hospitdtendingbeyond 14 days does not make a meaningftdréncein the

calculations

#



targetinfantOs birthdaylhe respective standard deviations of tesv residuals

are 485 and6.67. When using the alternative measures of crowdedness, we will
discuss the magnitude of the first stage results in the context of one standard
deviation change in thnew residual crowdedness measures.

Panel A inTable6 reports thdirst stageregressionmesults of equ#on (2)
using threemeasurs of hospitalcrowdednessColumn {i) replicates the findings
from Table 4 for comparison purpose€olumns (iii) and (v) showsthe results
where Gowded; is measured byhe expectechumber of infants orthe target
infantOglelivery dateand the expectechumber of infants durindnospital stay,
respectively.lf newborrs compete withinfants born a few days before and/or
after their birth date for medical resourcethen these alternative measures of
crowdedness should have stronger first stage re8dth. additional measures of
hospital crowdedness reveal large, negative and statisticayl significant
relationship between hospital crowdedness and infant hospital charges. A one
standard deviation decrease either of the alternativeesidual crowdedness
measure corresponds to an increase s@pending aroundbl,300. Both the
predicted charg in hospital spending and thestatisticsare large for the
alternativemeasure of crowdednessuggestinghat hospital treatmenintensity
is alsoinfluencedby crowdednessf the days surrounding the target infantOs birth
date’® Overall the first stage results puide additionalevidencethat health care
providers change the intensity of treatment basedhmmtterm fluctuations in
crowdedness in the hospital.

Panel B of Table Beports thesecond stage regression results ushey
alternative aowdedness measurdsach cell in Tablé corresponds to a separate
regressionColumn (iii) shows the effect of additional healthcare spending that

6 If we include the Number of Births, Number of Infants Born Before, and Number of Infants Born After as three separate
variables in the first stage equation, we find each is statistically significant, but the coeffidieatNumber of Infants

Born After is the smallest.
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occurs because the birth hospital was uncrowded on the day of and days prior to
the delivery date. For bottmeasures of mortalitpnd the readmission measure

the results suggest that the additional spenslightly worsenganfant healthwith
theresult being statistically significaat the 5% levelwhen the outcome is one

year mortality andatthe 10% levelfor the other two outcome$pecifically,a 10
percent increase in health care spending causeddegrease in the number of
infantsin the hospitabn thedelivery date increases tbeeyear mortality rate by

0.3l percenage point, suggestingiatrogenic harm.Column (iv) reports the
effectiveness of additional spending that stems from the variation in crowdedness
over theinfantOntire hospital stayFor all measures of infant health, we again
find a positive relationship between additionadpending and infant
mortality/readmission The coefficient estimates omneyear (consistency
mortality and 28day hospital readmission are statistically significant at 10%
level. All six Hausman testkor the alternative crowdedness measuregctthe
equivalence of OLS and 2SLS estimat&verall he resuls using the more
comprehensive measures of hospital crowdedstessgtherthe main findinghat
additional hospital spendirdpes notmprove, and may harnmfant health

b. Including MaternalHospital Charge

The OSHPD records charges to the infant and charges to the mother as separate
entries.Maternalhospitalcharges includsomecharges that ardirectly related to
the laborand delivery(such aCaesagansections) Thusinfantsmayalso receive
healthbenefit from the spending assignedheir mothers. As a robustness check,
we addto infant charges to the charges billed to the mdthexamine the impact
of all spendingelated to the delivergdelivery spending)

Panel A of Table 7 presents the impact diospital crowdedness on
delivery spendingWhile the first stage {Statistics are sufficiently large for all
measures of hospital crowdednedspme compares thestimated effects of a
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standard deviation increase in residuedwdedness on spendifigpm Table 6
andTable 7,it is apparent that spending on the birth mother is less responsive to
variation in hospital crowdedness than spending on the iHfdfar instance,
when the number of birthen the target infa® birthdae is used as the
crowdedness measure, the first stage results implyatioaie standard deviation
increasein residual crowdedness associatedwith a decrease irdelivery
spending ol $643 In contrastthere isan$846 reduction in infant chargevhen
we exclude maternapending

Panel B ofTable7 reportsthe impact ofadditional spending measured as
sum of mother and infant chargeaising the three masures of crowdedness as
instrumentdor delivery spending Column (i) report€OLS resuls, which showa
negative correlation betweedelivery spendingandinfant mortality/readmission
The WuHausman F testaiggesthatthe OLS results are biase@blumns(ii)-(iv)
confirm the main result thatdditionalspendingon mother and infant does not
reduceneonataimortality, oneyearmortality, or readmissiorrates Regardless of
the measure of hospital crowdedness or the measure of infant health, we find a

positive relationship between delivery spending and infantaimy/teadmission.

c. The Impact of Length of Hospital Stay
Although we believe hospital spending is the best available comprehensive
measure of hospital cares an alternative measure of treatment intensity
considerdengh of the hospital stay whiclis commonly used in the literatds we
did with hospitalcharges, if an infant is transferredaieother Califonia hospital

we add those dayw the days spent at the hospital of bikkie examine if

 We also investigate if hospital crowdedness has an impact on maternal charges only. All three crowdedness measures
have a statistically significant impact on maternal charges. Not surprisingly, mateangés are most responsive to the

crowdedness measure which captures only the number of births in the hospital on the target infantOs birthday.
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hospitalcrowdedness has any impact on the length of hospitalasiayf longer
hospital stag havea beneficial impact on infant health.

Panel A inTable8 presentdirst stageresultsof hospitalcrowdedness on
length of hospital stay usingthe three diffeent measures of crowdedneskhe
first stage Fstatistic isweakwhen we measure crowdedness using tm#births
that occur on the target inf&tbirth date This is likely becausehe discharge
decisionfor atrisk infantsis made well past the birttlate Thusthe length of
hospitalstayis not veryresponsive to the crowdedness on the birth dtdeiever,
the Fstatisticsand magnitude of the effect afone standardéhcreasan hospital
crowdedness increass we move tanore comprehensiveneasure®f hospital
crowdednessFor instance, @dumn (iv) repors that a one standard deviation
increase in residual crowdedness over the ehtspital stay leads t@1.32 day
shorter hospital stay. Overall Panel A suggdisét health care providers make
dischargedecisiors based on the shadrm fluctuations in crowdedness in the
hospital.

Panel B presents OLS and&L2S estimates of length of hospital stay
(measured in days) on infamealth The OLS results, located icolumn (i), again
suggest that additional treatment intengitygasured by length of hospital stasy
associated with a smadbut statistically significanteduction in infant mortality
and readmissiarHowever, the WiHausmarf tests suggest that the OLS results
are biasedowards finding a beneficial impa&olumns(ii)-(iv) reportthe second
stage regressioresults on thempact of hospital stay omfant health They are
consistent with our main findisg Shorter stay that arise because of hospital
crowdednes do not adversely impact either neonatal or-yes mortality For
all measuresf crowdedness, @aobserve gositive relationship between length of
stay and infant mortalityThe effectis significantat 5 percenlevel when the
predicted number of infant in the hospital on the delivery gatkeinstrument

and oneyear mortalityis the outcome.An additional day in the hospital is
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associated with 0.61 percentage point increaskeoneyear mortalityrate We

further observe thatonger hospital stays arassociated witha marginally
statistically significanincreasd likelihood of being readmitted to the hospital.
Regardless of the measure of hospital crowdedness, infants that had longer
hospital stays beeise they were born during less crowded periods are more likely
to have subsequent hospital readmission.

VI. Discussion and Alternative Explanations
A possible explanation fahe lessened treatment intensity associated with being
born on a crowdedlays is recording bias Specifically, hospitalsmay fail to
record and bill all the procedures performeetause théospital personalsare
swarmed on busy day#H. the recording bias is strong enoughfants born on
slow days and bysdays might receive th@milar level of hospital car@lthough
they report different levels) which wouldad toa null findings of treatmenton
infant healthin the second stag&Ve find no evidence of hospitalsO failure to
record procedures. Procedure data is availabl2#@1 percent of infants born on
busiest quartile days vs. 27.09 percent of infants born on slowest quartile days.
We identifythe four mostcommonly performed procedure€ircumcision(ICP9:
640), Vaccination NEQICP9: 9955), In®rtion of Endotracheal ube (1GP9:
9604), and OtherPhototherapy (other than ultraviolet ICP9: 9983). The
difference in percentage of infant receiving each procedure aloygandbusy
days is smaller than 1 percentage point for all four procedures. Moreover, except
Circumcisbn, which is more physiciamtensive, the percentages of newborns
reporting the other three procedures are higher among infants bousydays.
This suggests that hospitals are consistently recording the procedures regardless
of hospital crowdednesadditionally, as shown previous)yength ofthe hospital
stay also responds to hospital crowdedness but is unlikely to be subject to

recording bias.



An explanationfor the finding of iatrogenicharmis thatthe first stage
results are being driving byaehing hospitals allowingpw-skilled residents to
perform extra procedures on slow days. We split the sample into teaching and
nonteaching hospitals and find that if anything, the second stage coefficients of
interest are larger ithe nonteachingsubsample.

Finally, the hedth effects documented above msiynply be an artifact of
supplierinduced demantf If the additionatreatmentshat occur on slow days
are only occurring to pad the medical bills and not because they are deemed
medically necesary, then one would expect littk® no benefitand possible harm.

We conduct the followingwo exerciss which suggesthat the relationship
between crowdedness and treatment interdgs not simply reflect supplier
induceddemandand insteads consistent with the relaxation of binding capacity
constraints

First, we split the sample into deliveries that were covered by a managed
care plan and those which were not. If supgheluced demand is driving the
negative relationship between crowdestiand spendinghenwe should expect
a smaller or nomxistent firststage for those births covered imanaged caré\s
is shown inTable9, there is no differencen the responsef hospital chargeto
crowdednes®n the day of birttby managed care stattisWhile both samples
have asufficiently strong first stage,ni neither sample do we observe positive
health benefits from additional charges.

8 One of the features of medical market is an agency relationship between doctors and patients. Becaukaveéoctors
asymmetrically more knowledge about medical care than their patients do, doctors are expected to behave as patientsO
agents when making treatment decisions. However, studies find that when doctors face negative income shocks, doctors
may exploit theagency relationship and provide more care in order to maintain their incomé&h@peer 9 of the

Handbook of Health Economics (McGuire, 2000) dhdiber and Owings (1996) for reviews of the supplier induced
demand literature

¥ In results not shown thasa the alternative measures of crowdedness, the range of the estimates is fairly tight. We also
split the sample by ndor-profit status with the hypothesis that supplier induced demand might be largerpabfior

hospitals. We find no difference in thesponse of hospital charges to crowdedness bfontrofit status.
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Second, under the capacity constraint hypothesis, at low levels of
crowdedness, additiah births shouldnot impact the amount of care (since the
hospital still has ample capacity). At some point the hospital will exceed its
normal capacity after which additional births will reduce spending per birth.
Under a suppliemduced demand model, on the slowest sddlge hospital
personnel face the largest reduction in income, as such spending should be greater
at very low levels of crowdedness than atdmamoderate levels of crowdedness.

To investigate if our results are being driving by capacity constravets,
construct crowdedness quintiles usitige residual crowdednessieasuredrom
equation (1). Then weestimate equation 2) but replace thesingle daily
crowdedness measure wiiiie crowdednessjuintiles. So the80" decile would
turn on if an infant was born on one of tie@ busiest Mondays (or any other day
of the week) in a given hospital in a given ydagure 3 shows he results of this
exercisegraphically whereve omit the slowestuintile. As shown in Figwe 3,
infants born on days which are below the median level of crowdedness for a given
day of the week, hospital, year, and parity experience sitelat of spending
However, once the hospital exceeds the median level of crowdedness, then as the
hospital become mar crowded, spending declinesspeciallyfor days in the
busiest quintile. At-risk infants born when the hospital is most crowded
experience 4 percent lower spending than infants bortiheleast crowdedlays.

These findings are inconsistent lwithost suppliemduced demand models and
suggest instead that the hospital face binding capacity constraints. In other words,
the care that is cut is care that the hospital provides whenever it has the capacity

to do so.
VII. Conclusions

Using thehospital level of crowdedness on an inf&atbirth date togenerate

exogenous variation in treatment intensity, we estimate the impact of additional
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health care measured by hospital spendinginfants, delivery spendingnd
length of hospital stay on iaft healthusingthe universe of birth in California
hospitals between the years 2002 and 2@i6 paper documentthat on days
when more deliveries occur, hospital respond to the ¢dort crowdedness by
treatingat-risk infant less intensively.

We identify the health consequences of hospital care on infants who
receivedadditionaltreatmens solely because they were bornsbow dayswhen
the hospital had excess capacitye find noevidencethatthe additional hospital
spendingtranslates in to leer infant health as measurbg neonatal mortality,
oneyear mortality and 28day readmissionrates and some evidence that
additional spending harms-ask infants.These results suggest, at best, weaare
the so-calledQlat part of thecurveOof the health production function This isin
contrast to the OLS estimates whiaonsistently suggest that additional
treatmentsreduce mortalityand readmissianThese findings are robust to
alternative measusef hospitalcrowdednesand alternativeneasures of hospital
treatment

Unlike other studies that utilize variation in treatment intensity from
legislative changes, the variation in treatment identified in our study stems from
the medical personn@k decisions. We identifigalth consequences of reduction
in care for infants boron buder days in the same hospital with identical health
and family background characteristicBnis is precisely the information from
which the policy debatesbout staffingatio and the numbesf newborn intensive
care units benefiDur findings suggesthatnew hospital constructigchanges in
staffing requirementsor reduction in birth rateshat reduce crowdedness in
maternity wardswill lead to additional per infant hospital chargesthout
increasing infant healtstatusand possibijharminginfant health

Our result should be interpreted cautioudihile our measures of infant

health are common in the literature and good ipobor infant healththey are
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not perfect measures of health statliss possible that additional spending has
benefitssuch asdecreased levels aliscomfort for infantor improved parental
satisfaction that we are unable to measure. Additionaflgause resources and
commitment tgprenatalhealth may differ across states amalintries our results
might not be generalized beyond California.particular our results mga not
generalize to states that hasaxtificate of needaws which require state approval
for hospital construction or expansiamplace.

Finally we notethat the instrumentwhich we introducein this paper,
hospital crowdedness, could be appli¢d other settings where there is little
possibility of timing the onset of medical need~or example, thédenefit of
emergency room care for heart attack patients doeiEstimaed by employinga
hospital crowdedness measut® generateexogenousvariation in access to

treatment
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Table 1. Summary Statistics

At-risk Infants ) All Births
Variable Mean S.D. Mean S.D.
Pregnancy Characteristics
Month prenatal care began 2.26 (1.49) 2.26 (1.42)
Number of prenatal visits 11.87 (5.29) 12.39 (4.05)
No preghancgomplication 0.31 (0.46) 0.34 (0.47)
Parental Characteristics
Mother's age 28.16 (6.83) 27.92 (6.37)
Mother's education (years) 12.05 (3.42) 12.22 (3.43)
Father's age 31.02 (7.66) 30.85 (7.22)
Father's education (years) 12.01 (3.59) 12.19 (3.59)
Newborn Characteristics
Boy 0.52 (0.50) 0.51 (0.50)
White 0.67 (0.47) 0.71 (0.45)
Black 0.10 (0.30) 0.07 (0.25)
Asian 0.08 (0.27) 0.08 (0.28)
Hispanic 0.51 (0.50) 0.52 (0.50)
First born 0.37 (0.48) 0.38 (0.49)
Single birth 0.84 (0.37) 0.97 (0.17)
Birth Characteristics
Birth weight (g) 2561 (759) 3318 (574)
Gestation (days) 246 (32) 275 (24)
Caesarean section 0.44 (0.50) 0.31 (0.46)
Primary Payer
Medicaid 0.53 (0.50) 0.51 (0.50)
Privateinsurance 0.41 (0.49) 0.44 (0.50)
Self-pay 0.02 (0.15) 0.02 (0.15)
Variables of Interest
Infant hospital charge ($) 64,126 (193,941) 13,126 (78,972)
Mother and infant hospital charge ($) 81,326 (200,968) 26,624 (82,156)
Hospital staydays) 10.01 (19.68) 3.38 (8.12)
Number of procedurés 1.08 (2.23) 0.43 (2.07)
Probability of transfer from birth hospite 0.067 (0.250) 0.017  (0.130)
Probability of the same day transfer 0.039 (0.194) 0.009 (0.094)
Outcome Variables
Neonatal mortality 0.021 (0.145) 0.003  (0.058)
Oneyear mortality 0.027 (0.162) 0.005 (0.071)
28-dayReadmission 0.116 (0.32) 0.031 (0.173)
Observations 302,649 2,329,810

1. Data on procedures is available for only 28 percent of the observations.
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Table 2. Descriptive Statistics of Number of Births for Selected Hospitals

Mean
(Daily  Standard 25th 50th 75th
Births) Deviation Min  Percentile Percentile Percentile Max
Panel A:
Smallest Hospital 2.00 0.98 1 1 2 3 5
10 Percentile Hospital  4.35 1.86 1 3 4 6 10
20 Percentile Hospital 5.79 2.31 1 4 6 7 13
30 Percentile Hospital 6.94 2.58 1 5 7 9 16
40 Percentile Hospital  8.01 2.89 1 6 8 10 17
50 Percentile Hospital 8.76 3.25 1 6 9 11 20
60 Percentile Hospital  9.94 2.99 1 8 10 12 20
70 Percentile Hospital 11.57 3.66 1 9 12 13 25
80 Percentile Hospital 13.80 3.67 3 11 14 16 26
90 Percentile Hospital 17.43 4.40 3 14 17 20 31
Biggest Hospital 22.37 5.79 4 15 23 26 42
Panel B: Residualrowdedness:
Numberof Births 0 3.21 -19.83 -2.00 -0.13 1.90 19.63
Numberof Infants
on Delivery Date 0 4.85 -48.25 -2.88 -0.09 2.81 42.75
Numberof Infants
during Stay 0 6.67 -73.2 -3.83 -0.10 3.78 45.72
Number of Hospitals 226

Note:

The residual crowdedness measure is the respective residuals from a regression of a measure
hospital crowdedness on the complete set of hospital, year, day of the week, and parity fixed e
We construct separate residuals for each of the threédlagpwdedness measure.
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Table 3. Summary Statistics by Hospital Crowdedness

Slow Days Busy Days
Variable Mean S.D. Mean S.D. Difference
Number of infants born 7.89 (4.63) 15.63 (6.66) -7.74
Transfer from birth hospital 0.064 (0.245) 0.065 (0.246) -0.001
Same day transfer 0.037 (0.189) 0.036 (0.187) 0.001
Prenatal Care
Month prenatal care began  2.23 (1.47) 2.24 (1.47) -0.01
Number of prenatal visits 12.00 (5.26) 12.06 (5.32) -0.06
ParentalCharacteristics
Mother's age 28.16 (6.83) 28.26 (6.86) -0.11
Mother's education (years) 12.03 (3.40) 12.12 (3.41) -0.09
Father's age 31.03 (7.66) 31.09 (7.64) -0.06
Father's education (years)  11.99 (3.58) 12.09 (3.61) -0.11
NewbornCharacteristics
Boy 0.52 (0.50) 0.52 (0.50) 0.00
White 0.66 (0.47) 0.67 (0.47) 0.00
Black 0.10 (0.30) 0.10 (0.30) 0.00
Asian 0.08 (0.27) 0.08 (0.27) 0.00
Hispanic 0.52 (0.50) 0.52 (0.50) 0.00
First born 0.37 (0.48) 0.37 (0.48) 0.00
Primary Payer
Medicaid 0.53 (0.50) 0.53 (0.50) 0.00
Private insurance 0.40 (0.49) 0.41 (0.49) 0.00
Self-pay 0.02 (0.15) 0.02 (0.15) 0.00
Birth Characteristics
Caesarean section 0.44 (0.50) 0.44 (0.50) 0.00
Pregnancyomplication 0.67 (0.47) 0.67 (0.47) 0.00
Birth weight (g) 2546 (768) 2553 (756) -8
Gestation (days) 245.6 (30.0) 246.2 (31.3) -0.6
Variables of Interest
Infant hospital charge ($) 67,917 (201,518) 64,325 (191,285) 3,592
Motherhospital charge ($) 18,051 (23,139) 17,971  (23,252) 80
Hospital stay (days) 10.54 (20.45) 10.07 (19.57) 0.48
Number of procedures 1.15 (2.30) 1.10 (2.26) 0.05
Outcome Variables
Neonatal mortality 0.023 (0.149) 0.020 (0.140) 0.003
Oneyear mortality 0.028 (0.166) 0.026 (0.158) 0.002
28-dayReadmission 0.036 (0.185) 0.034 (0.182) 0.002
Observations 77,497 77,461

Notes:

Slow/busy days are days with residual crowdedness in the bottom/top quartile of the residual
distribution (see Equation (1)). Data on procedures is available for only 28 percent of the

observations.
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Table 4. Impact of Hospital Crowdedness on Hospital Spending faslitnfants

Number of Births -0.0041
(0.0010)***
[$ 846]
F-Statistics 17.58
R-squared 0.5465
Observations 302,649

Notes:

The dependent variable is the log of hospital spending from all consecutive hos
stay after birth.

The regression includes indicators for: mother and father's age and education,
race, gender, parity, month prenatal care began, numipeemdtal visits, insurance
type day of the week, month, year, holiday, birth weight categorized img&00
interval, and gestation in two weeks.

* denotes significant at 10%; ** significant at 5%; *** significant at 1%.

Robust standard errors corrected for clustering on hospital cells are reported in
parentheses.

The number in bracket corresponds to thedpted change in average hospital
charges from a one standard deviation change in the number of daily births afte
netting out parity, hospital, year, and day of the week effeetédual crowdedness)
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Table 5. Impact of Hospital Spending on Infant Health

oLS 2SLS
0) (ii)

Log(Health Care Spending)

Neonatal Mortality
-0.0260 0.0276

(0.0012)*** (0.0213)
Wu-Hausman F test 0.0013
Onevyear Mortality
Log(Health Care Spending) -0.0214 0.0285
(0.0012)*** (0.0263)
Wu-Hausman F test 0.0084
28-day Readmission
Log(Health Care Spending) -0.0083 0.0557
(0.0005)*** (0.0264)**
Wu-Hausman F test 0.0066
Observations 302,649 302,649

Notes:

Each cell represents a separate regression.

All models include the control variables listed in Table 4.

* denotes significant at 10%; ** significant at 5%; *** significant at 1%.

Robust standard errors corrected for clustering on hospital cells are reported in

parentheses.
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Table 6.Robustness of results to Alternative MeasurddagpitalCrowdedness

oLS 2SLS
Number of Number of
Number of Infants on Infants

Births Delivery Date  during Stay
(i) (ii) (iii) (iv)

Panel A: ' Stage Results

Coefficient -0.0041 -0.0042 -0.0032
Robust Standard Error (0.0010)***  (0.0008)*** (0.0006)***
F-Statistics 17.58 25.99 25.27
R-squared 0.5465 0.5466 0.5466
[$ 846] [$1,306 ] [$1,369 ]

Panel B: ¥ Stage Results

Neonatal Mortality

Log(Health Care Spending -0.0260 0.0276 0.0242 0.0190
(0.0012)*** (0.0213) (0.0127)* (0.0126)
Wu-Hausman F tes 0.0013 0.0000 0.0002
Onevyear Mortality
Log(Health Care Spending -0.0214 0.0285 0.0306 0.0251
(0.0012)*** (0.0263) (0.0154)** (0.0140)*
Wu-Hausman F tes 0.0084 0.0000 0.0003
28-day Readmission
Log(Health Care Spending  -0.0083 0.0557 0.0344 0.0326
(0.0005)*** (0.0264)** (0.0190)* (0.0198)*
Wu-Hausman F tes 0.0066 0.0156 0.0174
Observations 302,649 302,649 302,649 302,649
Notes:

Number of Births, Number of Infants on Delivery Date, and Number of Infants during Stay ¢
number of deliveriesn target infar® birthdate the expected number of infants in the hospital
thedelivery dateandthe expected number of infardaring the hospitalization stay, respectively

All models include the control variables listed in Table 4.
* denotes significant at 10%; ** significant at 5%; *** significant at 1%.

Robust standardrrors corrected for clustering on hospital cells are reported in parentheses.

The number in bracket corresponds to the predicted change in average hospital charges fr(
standard deviation change in the respective crowdedness measure afteonéfiadgty, hospital,
year, and day of the week effe¢tesidual crowdedness)

Each cell in panel B represents a separate regression.
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Table 7. Impact of Delivery Spending on Infant Health

OoLS 2SLS
Number of Number of
Number of Infants on  Infants during
Births Delivery Date Stay
(i) (i) (iii) (iv)
Panel A: ' Stage Results
Coefficient -0.0025 -0.0023 -0.0018
Robust Standard Error (0.0007)***  (0.0006)*** (0.0005)***
F-Statistics 12.98 16.82 14.93
R-squared 0.5649 0.5649 0.5649
[$ 643] [$ 907] [$976]
Panel B: ¥ Stage Results
Neonatal Mortality
Log(Health Care
Spending) -0.0411 0.0460 0.0444 0.0338
(0.0015)*** (0.0375) (0.0263)* (0.0249)
Wu-Hausman F tes 0.0016 0.0001 0.0004
Oneyear Mortality
Log(Health Care
Spending) -0.0333 0.0475 0.0562 0.0447
(0.0015)*** (0.0457) (0.0325)* (0.0293)
Wu-Hausman F tes 0.0104 0.0001 0.0005
28-dayReadmission
Log(Health Care
Spending) -0.0100 0.0932 0.0625 0.0574
(0.0005)*** (0.0430)** (0.0375)* (0.0379)
Wu-Hausman F tes 0.0075 0.0199 0.0215
Observations 302,649 302,649 302,649 302,649

Notes:

Delivery spending is the sum of infant and maternal hospital charges.

Number ofBirths, Number of Infants on Delivery Date, and Number of Infants during Stay ai
number of deliveriesn target infar® birthdate the expected number of infants in the hospital
the delivery dateandthe expected number of infardaring the hosipalization stay, respectively.

All models include the control variables listed in Table 4.
* denotes significant at 10%; ** significant at 5%; *** significant at 1%.

Robust standard errors corrected for clustering on hospital cells are reported in parentheses.
The number in bracket corresponds to the predicted change in average hospital charges fron
standard deviation change in the respective crowdedness mefteumetting out parity, hospital,

year, and day of the week effe¢tesidual crowdedness)
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Each cell in panel B represents a separate regression.
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Table 8. Impact of Length of Hospital Stay on Infant Health

OLS 2SLS
Number of Number of
Number of Infants on Infants during
Births Delivery Date Stay
(i) (ii) (iii) (iv)
Panel A: ' Stage Results
Coefficient -0.0196 -0.0215 -0.0197
Robust S.E. (0.0078)** (0.0063)*** (0.0047)**=
F-Statistics 6.54 11.03 17.29
R-squared 0.4736 0.4742 0.4742
[-0.63 day] [-1.04 day] [-1.32 days]

Panel B: ¥ Stage Results

Neonatal Mortality

Hospital Stay

(1Day) -0.0041 0.0057 0.0047 0.0031
(0.0001)*** (0.0049) (0.0027)* (0.0021)
Wu-Hausman F tes 0.0019 0.0000 0.0001

Onevyear Mortality

Hospital Stay

(1Day) -0.0035 0.0059 0.0061 0.0042
(0.0001)*** (0.0059) (0.0031)** (0.0022)*
Wu-Hausman F tes 0.0121 0.0001 0.0002

28-dayReadmission

Hospital Stay

(1Day) -0.0007 0.0092 0.0058 0.0052
(0.0000)*** (0.0051)* (0.0034)* (0.0031)*
Wu-Hausman F tes 0.0109 0.0287 0.0309
Observations 302,649 302,649 302,649 302,649
Notes:

The dependent variable Fanel Ais the length of the infant's first hospital s{aydays)including
all transfers.

Number of Births, Number of Infants on Delivery Date, and Number of Infants during Stay &
number of deliveriesn target infar® birthdate the expected number of infants in the hospital
the delivery dateandthe expected number of infardaring the hospitalization stay, respectively

All models include the control variables listed in Table 4.
* denotes significant at 10%; ** significant at 5%; *** significant at 1%.

Robust standard errors corrected for clustering on hospital cells are reported in parentheses
The number in bracket corresponds to the predicted change in average hospital charges fro
standard deviation change in the respective crowdedness mefteumetting out parity, hospital
year, and day of the week effe¢tssidual crowdedness)
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Each cell in panel B represents a separate regression.
Table 9. Managed Care vs. Traditional Insurance

Managed Care

0) (ii)

Panel A: ' Stage Results

Coefficient -0.0040 -0.0038
Robust Standard Error (0.0012)*** (0.0012)***
F-Statistics 10.35 10.10
R-squared 0.5463 0.5484
[$ 818] [$ 773]

Panel B: ¥ Stage Results

Neonatal Mortality

Log(Health Care Spending) 0.0164 0.0565
(0.0243) (0.0420)
Onevyear Mortality
Log(Health Care Spending) 0.0062 0.0702
(0.0281) (0.0458)
28-dayReadmission
Log(Health Care Spending) 0.0582 0.0650
(0.0343)* (0.0414)
Panel C: Summary Statistics
Ave. Number of Births 10.50 10.51
Ave. Birth Weight 2565 2566
Ave. Gestation 246 246
Ave. Infant Charges $ 63,553 $63,342
Ave. Mother and Infant Charges $ 81,392 $ 81,210
Ave. HospitalStay (Days) 9.95 9.92
Observations 177,045 122,074
Notes:

All models include the control variables listed in Table 4.
* denotes significant at 10%; ** significant at 5%; *** significant at 1%.

Traditional Insurance

Robust standard errors corrected for clustering on hospital cells are reported in parer
The number in bracket corresponds to the predicted change in average hospital char
from a one standard deviation change in the number of daily birthsafterg out parity,

hospital, year, and day of the week effdetsidual crowdedness)
Each cell in panel B represents a separate regression.
Insurance information is missing for 3,530 observations.
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Figure 1. Differences in Hospital Charges
(Slow - Busy Days)
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Note:
Each point corresponds to the difference in average hospital chargésdandbusyday births within
a 300 gram birth weight bin. Births less than 900g and more than 3300g infants are grouped tog

Slowdays are days with crowdedness residuals in the bottom quertlefined by equation (BBusy
days are days with crowdedness residuals in top quartile.
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Figure 2. Differences in One-year Mortality
(Slow - Busy Days)
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Note:

Each point corresponds to the differencemgyear mortalityfor slowandbusyday births within a 30C
gram birth weight bin. Births less than 900g and more than 3300g infants are grouped together.
Slowdays are days with crowdedness residuals in the bottom quertlefined by equation (BBusy
days are days with crowdedsseresiduals in top quartile.
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Figure 3. Hospital Spending by Crowdedness Quintile
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Note: To construct Figure 3, we took the residuals from equation (1) and sorted them into
five quintile crowdedness indicators from slowest to busiest. Each point corresponds to
the coefficient estimate of themwesponding quintile crowdedness indicator in a

regression with log hospital charges as the independent variable and full set of control
variables listed in Table 4. The coefficients are relative to the bottom quintile (the slowest
days according to thesidual crowdedness), which is omitted. The dotted lines are 95
percentile confidence intervals.
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