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The Mortality of Newborns and Nurse Staffing 
Levels 
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Objectives. This study analyzed the effect of nurse/patient ratio on health outcomes, as 

measured by death, by measuring the impact of weekend births when nurse staffing is low. 

Methods. The 2002 Linked Birth/Infant Death Detail Data of the National Center for Health 

Statistics was used for analysis. The sample was restricted to vaginal births without induction 

and stimulation. 

We found lower number of births during weekends, which may mean that women having 

children at these times might have more urgent or difficult births, and that these variables 

were unaccounted for in the data. We used birth weight as a proxy measure of unobserved 

health condition at birth when we performed the regression on death within a certain number 

of days after birth. 

Results. The statistically significantly higher mortality rate for weekend-born babies was no 

longer observed when this proxy was included. We also examined low-birth-weight babies 

who are more vulnerable to staffing ratio and found no evidence of increased adverse events 

in those born during the weekend. 

Conclusions. We did not find a statistically significant difference between weekend- and 

weekday-born babies after controlling health condition at birth measured by birth weights. 

These results are robust across various samples and different locations. 
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INTRODUCTION 

Some previous research has shown that low nurse staffing levels adversely affect patients1,2,3; 

Aiken et al. (1987) used 30-day mortality and failure-to-rescue rates to observe inpatient 

outcomes for a 20-month period, using data from 168 hospitals in Pennsylvania, and found 

that there was a negative correlation between number of nurses and mortality rate.1 A similar 

study by Needleman et al.(2001) used data from 799 hospitals in 11 states for 1 year, and also 

found a significant negative correlation.3 As a response to these findings, the California 

Assembly Bill 394 (AB394) was passed in California in 1999. In January 2002, the California 

Department of Health Services (DHS) prepared a draft of appropriate nurse/patient staffing 

ratios and, in the middle of that year, issued the final standards of nurse staffing ratio: the 

ratio was1 to 1 in an emergency room and 1 to 8 in a well-baby nursery. The legislation 

finally took effect in January 2004. As of September 2009, the District of Columbia and 14 

states had enacted legislation, or had adopted regulations regarding nurse staffing, and an 

additional 17 states were considering nurse staffing legislation, according to the American 

Nurses Association.4 In addition, the Registered Nurse Safe Staffing Act (S. 58/H.R. 876) is 

currently pending in the US congress (http://thomas.loc.gov/cgi-bin/bdquery/z?d112:s.58:). 

However, it is hard to find true causality using these cross-sectional studies, due to omitted 

variables bias and endogenous sorting.5 Hospitals with high staffing levels are more likely to 

have better equipment and technology, and a greater number of highly skilled medical staff, 

which is not easy to observe and control well in studies. Therefore, staffing effects can be 

overestimated. Conversely, if hospitals assign a higher staffing ratio to severely ill patients, 

who are more likely to have an adverse outcome, then the impact of staffing levels on patient 

outcome will be underestimated, due to unobserved patient characteristics in the data. A 

“natural experiment” is one way to address the issue of omitted variable bias, and such an 

experiment was used by Evans and Kim (2006) in an attempt to find the exogenous variation 



using the number of admissions on the 2 days following the admission of a patient to hospital; 

that is, they compared a patient who was surrounded by a lower than average number of other 

patients during hospital stay, with a patient who was faced with a higher than average number 

of patients.6 The identification of particularly busy periods is possible, since nurse staffing 

requirements are fixed early in advance, usually 4 weeks previously, and hospitals have a 

limited ability to cope with an unexpected influx of patients. All hospital admission data 

obtained over 5 years in California were used, and it was found that a sudden influx of 

patients does not have a statistically significant impact on patient outcome, as measured by 

mortality or readmission.6 Other research has used within hospital variation instead of cross-

sectional variation to compare staffing-level differences between weekdays and weekends.7,8 

Bell and Redelmeier (2001) found a higher mortality rate at weekends compared to weekdays 

and interpreted this as evidence of the impact of staffing level on patient outcomes. However, 

this might be due to unobserved patient health condition at admission even after controlling 

severity information available in the data. Gould et al. (2003) observed higher infant 

mortality for babies born at the weekend, compared to those born on weekdays, and focused 

on the idea that the timing of the labor is an exogenous factor and that hospital staffing is 

reduced during the weekends compared to weekdays—factors that might have an adverse 

impact on patient outcome. However, it was found that after adjusting for the weight of the 

infants, the effect of weekends on the odds ratio of infant mortality was not any more 

significant. Data obtained from the state of California between 1995 and 1997 were used for 

this study. 8 

Our study is similar to that of Gould et al. (2003), but differs in several ways. We believe 

that some deliveries might not be an exogenous in timing; for example, doctors might change 

the timing of the birth using scheduled delivery, induction, or stimulation. Furthermore, some 

Cesarean sections might be scheduled alongside the unexpected emergency deliveries by 



Cesarean. We use data from all of the US, rather than data from California alone, since 

response might vary by state. In addition, we use more recent data for analysis. We measure 

short-term outcomes, such as mortality within 3 days of birth, rather than neonatal mortality 

(mortality rate over 28 days), bearing in mind that newborns usually remain in hospital for 2 

or 3 days. This will increase our chance of finding any effects. Another reason for examining 

newborns is that they are an at-risk group in the US. CA legislation requires a 1:2 nurse 

staffing ratio for neonatal intensive care units, one of the highest ratios, and infant mortality 

rate was 6.7 per 1,000 live births in the US in 2007, compared to an average of 3.9 in other 

Organization for Economic Co-operation and Development (OECD) countries.9 Therefore, 

we compared the relevant mortality rates between infants born at weekends versus those born 

on weekdays among random vaginal deliveries throughout the US.  

 

METHODS 

 Data 

This study used the 2002 Linked Infant Birth/Death Data of the National Center for Health 

Statistics, which were collected by the National Vital Statistics System. Linked infant 

birth/death data exist from 1995 to 2002 for the entire US, and this study used the most recent 

data, which include demographic information regarding parents, such as age, level of 

educational achievement, and marital status, and the babies, such as day of the week born, 

live-birth order, race, gender, and geographic area of birth by county, as well as various 

measures of pregnancy conditions, such as birth weight, gestation, prenatal care, and presence 

of an attendant at delivery. We used delivery method to identify scheduled delivery, which, 

although not perfect, is a good proxy. We assumed that Cesarean section was scheduled. In 

addition, induction or stimulation of vaginal delivery was used to adjust delivery timing, so 

the study sample was restricted to vaginal delivery without induction or stimulation. 



Scheduled services are provided during weekdays; therefore, a higher fraction of babies born 

by Cesarean section are delivered during these times. However, mothers having vaginal 

delivery without induction or stimulation cannot choose a delivery date, so the number of 

babies born in this category should be evenly distributed throughout the days of the week. In 

addition, the initial condition of the vaginally delivered babies born without induction or 

stimulation should not differ, regardless of weekday or weekend birth. Figure 1 shows the 

number of babies born on Sundays through Saturdays for the year 2002. Even after we 

restrict the sample to vaginal delivery without induction or stimulation only, the number of 

babies born on weekends was 15% less than the number of those born on weekdays. This 

might be due to information such as emergency or delayed delivery not being recorded in the 

data. Even with data as detailed as these, it seems that not all information can be accounted 

for. Figure 1 also shows the infant mortality rate by day of the week. Weekend-born babies 

show a higher mortality rate than those born during weekdays. 

 A number of differences remained in this group, which was expected to have the 

least observable (and unobservable) differences between weekdays- and weekend-born babies, 

so we used birth weight as additional control for state of health at birth.  

 

Dependent Variable 

Infant mortality, a key variable, was used as the dependent variable, following previous 

studies.8 However, we used age at death in days, which is calculated by subtracting the date 

of birth on the birth certificate from the date of death on the death certificate. We constructed 

a binary variable identifying whether infant death occurred within 1, 3, 7, 28, or 365 days of 

delivery. A death equals 1; otherwise, the value equals 0. The most relevant measure is infant 

deaths within 3 and 7 days, because new infants receive nursing care for approximately 36 

hours of birth on average, and for a period not exceeding 7 days. If we assume that the health 



of the infants is homogeneous on discharge, then decreased infant mortality shows increased 

efficiency, meaning that they received better care in hospital. 

 

Independent Variable 

A direct measurement of staffing ratio would be ideal, but actual staffing ratios are not 

available. Therefore, previous studies have used annual surveys from sample hospitals (Aiken 

et al. 2002)2 or weekend vs. weekday staffing differences. The number of nurses or assistant 

nurses who are working is considerably lower at weekends than on weekdays, based on the 

current population survey (CPS).6 According to the labor schedule of the CPS in 1997, the 

number of nurses working on Sundays was 52% less than that of those working on 

Wednesdays, and was 81% less in 2001. In accordance with existing studies, we used the 

variable of the day of the week that children were born as a proxy measure of staffing. We 

generated a weekend variable, in which if a child is born at a weekend (Saturday and Sunday, 

when the number of nurses is low), it equals 1, and if the child is born on a weekday 

(Monday through Friday, when the number of nurses is high), it equals 0. We then analyzed 

whether weekend birth has an adverse impact on infant mortality. We controlled age, race, 

marital status, and education level of the mother, and gender, birth order, and plurality (i.e., 

twins or triplets) as explanatory variables. Age of the mother is in a quadratic form to allow 

more general functional form. Race was divided into white, black, and others. Marital status 

is the dummy variable of 1 if currently married. Level of education of the mother was 

grouped into five categories: less than middle school, high school dropout, high school 

graduate, some college education, college graduate and beyond. Live birth order was divided 

into four categorical variables of first baby, second baby, third baby, fourth baby, and higher 

order. We also controlled a birth state since there might be time invariant differences across 

states, for example, between California and New York.  



  

Econometric Model 

We ran the ordinary least square (OLS) model of the form:  

Y is = β0 + β1 WEEKEND is + β2 X is + μs + ε is              (1) 

 Where i stands for individual and s stands for state. 

Yis indicates infant deaths within 1, 3, 7, 28, and 365 days of birth, as described in the 

dependent variable section. WEEKENDis is the independent variable that is the focus of this 

study. Xis includes the explanatory variables, such as demographic information. μs is state-

specific fixed effect, which controls for permanent differences across states in the outcomes 

of their patients. Finally, εis is an error. There might be an unobserved correlation between 

births within a state, even after state-fixed effects are controlled; therefore, we calculated 

standard errors clustered by state. 

 

RESULTS 

 Table 1 shows the descriptive statistics of the analysis data used in this study. We 

focus on a sub-sample of 1.7 million observations relating to vaginal delivery (without 

induction and stimulation) among 3.9 million newborns from the census of births in 2002. In 

the upper block, we report outcome variables. The average birth weight was 3293 grams. 

Deaths within 1, 3, 7, and 28 days, and 1 year of birth were measured. When the infant was 

born by vaginal delivery, the average number of infant deaths within 1 year was seven babies 

per 1,000 newborns. If the criteria are shortened to 1 and 3 days, the average numbers 

become 3.6, and 3.8 per 1000 newborns, respectively. Over half of the infants who died 

within 1 year died within 1 week, with most dying within 3 days. In the lower block, we 

report independent variables. The weekend fraction for vaginal delivery birth sample is 0.25 



compared to 0.29 (=2/7) for completely random distribution, reflecting that even vaginal 

delivery does not occur completely at random. In our sample, 51% were boys and 1.5% were 

twins. 

Table 2 shows an examination of birth weight by weekend. If the delivery time is random, 

then there should not be any birth weight differences between babies born on weekdays and 

babies born at weekends, since day of the week should not have any bearing on birth weight 

per se. In the first column, when we include no state-fixed effect other than weekend dummy, 

the birth weight of infants born at weekends was 22.59 grams lighter than that of those born 

on weekdays, and when we include more covariates this difference decreases by 17.86 grams. 

However, it is still statistically significant. Contradictory to the prediction that weekend birth 

does not affect birth weight, the weight of infants born at weekends was lower than that of 

those born on weekdays. We believe that this is due to unobserved state of health of the baby. 

Although the birth file contained very detailed information regarding the usual data, there 

remained a substantial amount of unreported information, which is reflected in the birth 

weight.  

In Table 3, we report the amount of infant deaths within a certain period of time, which is 

the coefficient of our interest in the vaginal delivery group that the timing of birth is close to 

random. In the first column, we show results including state-fixed effects only; we then add 

demographic information in the second column. In the third column, we add the birth weight 

as a quadratic form to capture the unobserved state of health at birth. In the first row, we 

present death that occurred within 1 day of birth. When 1,000 babies were born, 0.569 more 

died if they were born at weekends, rather than weekdays, and this number decreased slightly 

to 0.567 as we include more information. In the third column when we control birth weight, 

weekend becomes statistically insignificant and 0.025 per 1,000 newborns died, which is 

miniscule.  



Death within 3 days of birth, which is reported in the second row, showed a similar pattern. 

The first column showed 0.618 more baby deaths per 1,000 newborns born at the weekend, 

compared to those born on weekdays. When we add birth weight, this shrinks to 0.05 and is 

statistically insignificant. In the third row, we present data relating to those infants who died 

within 7 days of birth, and the same pattern is revealed. The magnitude does not show any 

qualitative change and widening the window to 1 year does not alter the results. 

In columns (4) to (6) s of Table 3 we have restricted the sample to babies with a birth 

weight of ≤2,500 grams (low-birth-weight sample). Low-birth-weight increased the 

probability of receiving more aggressive treatment, including care in a neonatal intensive unit, 

which is one of the places that require a high level of nurse staffing, as shown by the ratio of 

1:2 in CA law. This vulnerable group might therefore be marginal and easily affected by 

staffing ratio, so we explored it further. In the fourth column, the magnitude increased close 

to eight times compared to column (1). Mortality rate (0.052 for 1 day) is 15 times higher 

than that of all vaginal delivery samples (0.0036), and the sample size decreased substantially 

from 1.7 million to 113,896 observations; therefore, we cannot make a precise estimation. 

However, the vaginal delivery with low-birth-weight sample shows the same pattern that we 

observed for all vaginal delivery samples. As we include the birth weight as the proxy of 

unobserved state of health, the weekend variable has no statistical significance, and the 

magnitude remains 2 % of sample mean (0.0013/0.055 for  died within 3 days), which is 

very small.  

 

DISCUSSION 

The concern that low nurse staffing levels might adversely affect patient outcomes led to 

implementation of the minimum nurse/patient ratio in California in 2004. This change will 



increase costs substantially in this state, where they are expected to be approximately $358 to 

$400 million.10 In addition, the US is facing a nursing crisis, as their number is gradually 

decreasing. Our study investigated this issue using newborns for a couple of reasons. First, 

this vulnerable population may be a marginal group on whom nursing will have the greatest 

impact, and second, the most detailed information is available for this population. We 

attempted to measure the impact of weekend births, when nurse staffing levels are usually 

low. By restricting the sample to vaginal delivery without induction and stimulation, the birth 

numbers should be equivalent across all days of the week. However, we still found a 

significantly lower number of births over the weekends. This might mean that unreported 

information related to condition of the delivery remains, even in such a detailed data set as 

the one we used. We used birth weight as a proxy measure of unreported condition at birth 

when we ran the regression on death within certain days of birth. After inclusion of this proxy, 

higher mortality rates for weekend-born babies were no longer statistically significant, and 

the magnitude was very small. We also examined low-birth-weight babies, who are more in 

need of nursing care, and did not find any evidence of increased adverse events related to 

weekend births versus weekday births.  

A limitation of this study is that we could not measure nurse staffing levels directly. 

Although there are lower numbers of nurses working during weekends, the number of 

patients staying in hospital at these times might also change. For example, in our case there 

were fewer scheduled deliveries measured by Cesarean section over the weekends. To 

account for this, we performed the same analysis using a sample of babies born by Cesarean 

section. Babies born at the weekend by this method might be more urgent cases than those 

born by Cesarean section during weekdays. However, the results for the Cesarean section 

sample were qualitatively the same. We did not find a statistically significant difference 

between weekend- and weekday-born babies after controlling birth weights. 



Another possibility is that the situation in California may be different from elsewhere in 

the US, since this is the only state that has so far changed the law. Therefore, we examined 

Californian births during 2002, before the implementation of minimum staffing ratios in this 

state, following the same method, and we also found exactly the same qualitative results 

compared to the entire US sample. 
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FIGURE 1-Number of births and infant mortality rate: U.S. 



 

Table 1. Descriptive statistics   

Variables 
All Vaginal* 

Mean 
Standard  
Deviation 

Dependent Variables   
Birth Weight (gram) 3293.31  566.47  
Gestation 38.76  2.57  
Died within 1 day** 3.618  60.042  
Died within 3 days ** 3.880  62.169  
Died within 7 days ** 4.126  64.102  
Died within 28 days ** 4.890  69.759  
Died within 365 days ** 6.918  82.884  

   
Independent Variables   
Weekend 0.250  0.433  

   
Male 0.505  0.500  
Plural 0.015  0.123  
Married 0.635  0.482  
Live order   
First baby 0.380  0.485  
Second baby 0.329  0.470  
Third baby 0.173  0.378  
Fourth baby and higher order 0.119  0.323  
Education   
Less than middle school 0.076  0.265  
 high school drop out 0.174  0.379  
 high school graduates 0.312  0.463  
Some college education 0.199  0.399  
College graduates and beyond 0.239  0.426  
Race   
White 0.773  0.419  
Others 0.070  0.255  
Black 0.157  0.364  
Age of the Mother 26.790  6.118  

   
observations        1,722,434   
Note: We use linked Birth/Infant Death data from the National Center of Health Statistics for 2002. 

* All Vaginal includes observations delivered by vaginal birth without induction or stimulation. 
** Died within 1, 3, 7, 28, and 365 days is binary variable of death within 1, 3, 7, 28, and 365 days 
after birth respectively and reported as per 1000 births. 
  



Table 2. Impact of weekend on birth weight 

 All Vaginal 

 (1) (2) 
Weekend -22.597*** -17.864*** 

 (1.558) (1.270) 

   

Other 
independent 
variables  

State 
State+ 

Demographic+ 
Birth information 

   
   
observations 1,722,434 

Note: The Standard errors in the parentheses are 
clustered at the state level. 

The column (2) includes sex, plurality, race, 
education, marital status, live birth order, and age of 
mother in addition to the previous column. 

*** p<0.01, **p<0.05, * p<0.1  
 See note for Table 1 for the sample restriction 
  



Table 3. Impact of weekend on Death per 1,000 live births   
 All Vaginal Vaginal with Low Birth Weight 

 (1) (2) (3) (4) (5) (6) 

 Died within 1 day Died within 1 day [mean=0.052] 
Weekend 0.569*** 0.566*** 0.025  4.330*** 4.855*** 1.065 

 (0.119) (0.113) (0.099) (1.504) (1.445) (1.085) 

 Died within 3 days Died within 3 days [mean=0.055] 
Weekend 0.618*** 0.618*** 0.050  4.722*** 5.295*** 1.300  

 (0.123) (0.116) (0.093) (1.485) (1.426) (1.007) 

 Died within 7 days Died within 7 days [mean=0.058] 
Weekend 0.636*** 0.634*** 0.045  4.469*** 5.044*** 0.897  

 (0.125) (0.119) (0.094) (1.489) (1.428) (0.999) 

 Died within 28 days Died within 28 days [mean=0.065] 
Weekend 0.689*** 0.680*** 0.026  4.679*** 5.248*** 0.640  

 (0.140) (0.135) (0.090) (1.473) (1.414) (0.947) 

 Died within 365 days Died within 365 days [mean=0.075] 
Weekend 0.705*** 0.661*** -0.064  4.414*** 4.891*** -0.108  

 (0.159) (0.152) (0.117) (1.618) (1.557) (1.171) 

Other independent 
variables  State 

State+ 
Demographic+ 

Birth information 

State+ 
Demographic+ 

Birth 
information+ 

Birth Weight+ 
Birth Weight 

Square 

State 
State+ 

Demographic+ 
Birth information 

State+ 
Demographic+ 

Birth 
information+ 

Birth Weight+ 
Birth Weight 

Square 

observations 1,722,434  113,896  

Note: The Standard errors in the parentheses are clustered at the state level.   
  



See note for Table 1 for the sample restrictions.    
Columns (1) and (4) include weekend, and state-fixed effects only and columns (2) and (5) include sex, plurality, race, education, 
marital status, live birth order, and age of mother in addition to the previous column. Columns (3) and (6) include birth weight and 
birth weight square in addition to the previous column. 

*** p<0.01, **p<0.05, * p<0.1      
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