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Nurse staffing and patient outcomes – Analyzing within- 
and between-variation  

 

Uffe Bjerregård*, Bibi Hølge-Hazelton#, Søren Rud Kristensen*, Kim Rose Olsen*  

 

Abstract 

 

Objectives: To study and compare the longitudinal and cross-sectional relationship between nurse hours per 
patient day and patient outcomes (30‐day mortality and length of stay [LOS]).  

Data source: Retrospective administrative register data (2015-2017) with all hospital admissions, LOS, and 
mortality rates from five medical departments combined with monthly data on staffing levels of registered 
nurses, physicians, and nurse assistants from the hospital’s payroll systems, as well as detailed patient-level 
morbidity and sociodemographic characteristics. 

Study design: We used a flexible within‐between random effect (REWB) model to exploit longitudinal and 
cross-sectional variation among homogenous medical departments. We applied a rich patient‐level dataset, 
leaving little risk of omitted variable bias due to patient‐level heterogeneity.  

Data Collection: The study population covered all hospital inpatient discharges from five medical 
departments over the period 2015-17 (N=172,132). Hospital payroll data were merged using hospital 
department identification codes. 

Principal findings: For both outcomes, we found evidence of endogeneity in within estimates when failing to 
control for patient heterogeneity. When controlling for patient characteristics, we found that a greater nurse-
to-patient ratio was associated with a statistically significant decrease in LOS when using both within- and 
between‐department variations. However, only between estimates were significant for nurses when it came 
to mortality, whereas the significance of the within estimate was absorbed by physicians.  
Conclusions: Most longitudinal studies apply fixed effects and, hence, only assess within variations. We found 
that between estimates were higher in magnitude and were more robust to omitted variable bias than within 
estimates. Therefore, as between variations are likely to identify structural recruitment problems, we argue 
for the importance of studying between estimators as well as in longitudinal studies.    
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Key words: Nurse staffing, Random effect within between model, mortality, LOS 

Contact: *DaCHE, University of Southern Denmark (ubjerregaard@health.sdu.dk, srkristensen@health.sdu.dk, 
krolsen@sdu.dk). #IRS: Department of Regional Health Research, University of Southern Denmark & University 
Hospital of Zealand (bibh@regionsjaelland.dk) 

__________________________ 
Acknowledgments: This study is part of the NUCAP project, in which the overall objectives are to investigate the 
characteristics defining the departments with the highest level of recruitment and retention of nurses in the region of 
Zealand. The authors acknowledge Region Zealand and the Danish Nurse Association for an unrestricted grant 
covering access to data for this study. Keywords: nurse staff, nurse education, medical staff, quality of care, patient 
safety  

mailto:ubjerregaard@health.sdu.dk,%20srkristensen@health.sdu.dk,%20krolsen@sdu.dk
mailto:ubjerregaard@health.sdu.dk,%20srkristensen@health.sdu.dk,%20krolsen@sdu.dk
mailto:bibh@regionsjaelland.dk


 2 

Introduction 

The increased demand for health care due to recent demographic changes, combined with the predicted 

future shortage of labor in this market 1-4 emphasizes the need for a thorough understanding of the 

relationship between nurse staffing inputs and patients’ health-care outcomes.  

The literature on nurse staffing and patient outcome is abundant and has been growing over the last decades. 

Overall, the literature finds that higher nurse staffing levels are associated with better patient outcomes 5-12 

but it has been argued that the quality of the studies is mixed and rarely implies causal interpretations 13,14. 

Consequently, the literature has had a mixed impact on policy recommendations. The implementation of 

minimum nurse staffing requirements in California in 2004 and a meta-analysis commissioned by the Agency 

for Healthcare Research and Quality (AHRQ) 5 that found robust evidence for a link between nurse staffing 

ratios and patient outcomes, have led many US states to introduce legislation related to nurse staffing levels 

15. In the UK, however, a meta-analysis from the National Institute of Clinical Excellence (NICE) concluded 

that there was insufficient evidence for a relationship between staffing and patient outcomes 13,16. Legislation 

on nurse staffing levels in Europe is also rare. Based on the announcement by the NICE, Griffith et al.14 

undertook a critical review of the literature and concluded that most studies used aggregated hospital-level 

data, which challenged the possibility of drawing policy conclusions as in practice, decisions have to be made 

at ward or department level. Another limitation of the literature was that it failed to include other staff 

categories adding a risk that estimated effects of nurse staffing may partially absorb the effects of other staff 

categories if they are correlated with nurse staffing levels. Griffith et al.14 argued that the literature failed to 

include important consideration of endogeneity and hence failed to be operational for policy development; 

more precisely. They also argued that much of the existing literature is subject to endogeneity caused by 

omitted variables, which may bias the estimated effects and raise questions about whether the estimated 

effect is causal.  
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Omitted variable bias is caused by a lack of adequate patient confounder variables. Case-mix clearly affects 

patient outcomes, but the level of detail at which existing studies describe patient characteristics varies 

greatly. Furthermore, only a few studies have included physicians and other staff categories, which may bias 

the estimated effect of nurse staffing levels as they may capture the effects of other staff categories as well. 

Griffith et al.14 argued that the added value of further cross-sectional studies that suffer the same limitations 

as existing research is relatively low. Studies using longitudinal data 14,16,17 have to our knowledge all applied 

a hospital fixed-effects approach meaning that only within hospital variation has been exploited. 

The objective of this study was to assess and compare the longitudinal and cross-sectional relationships 

between nurse hours per patient day and patient outcomes (30‐day mortality and LOS). A secondary 

objective was to address the endogeneity problem raised in the literature on the data side by carefully 

building a rich patient-level longitudinal dataset on homogenous departments. 

In line with the seminal papers in the literature 18,19 as well as recent studies addressing some of the 

shortcomings 16,20 we focused on mortality as our main outcome of interest. While the evidence on mortality 

was mixed, far more consistent evidence was found using LOS 21,22. As both mortality and LOS were available 

in our register data, we used the two measures for patient outcomes.  

Due to the richness of our data, we were able to address many of the shortcomings of the existing literature 

on the link between nurse staffing levels and patient outcomes. First, our staffing-level data was collected at 

department level, addressing the concern of Griffith et al. 14 about using hospital-level data for department-

level inference. Second, our staffing-level data consisted of monthly repeated observations for the same 

units, addressing the recent call in the literature for more studies using longitudinal data 14,16,17. Department-

level data further has the advantage of reducing the risk of endogeneity bias because we constrained the 

analysis to departments of homogenous technology and treatment objectives, which reduced the risk of 

omitted variable bias at the department level. Third, access to patient-level data allowed us to control for a 

rich set of patient-level confounders on both sociodemographic characteristics, morbidity, comorbidity, and 
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disease severity. Fourth, we used staff-level data not only for nurses but also for physicians and nurse 

assistants, which further reduced concerns of omitted variable bias and risk of capturing other staff effects 

in the nurse variable. Many studies do include nurse assistants and carefully assess the role of staff mix 16,20,23-

27, but very few studies have included physicians according to Griffith et al. 14. Finally, we used a flexible 

random effect within‐between (REWB) model specification that allowed us to bridge the gap between 

literature analyzing between-hospital variation using cross-sectional data 5-12 and more scarce literature 

analyzing within variation applying longitudinal data 16,17,28. All the studies using longitudinal data that we are 

aware of apply hospital fixed effects that reduce identification to within hospital associations between nurse 

staffing levels and patient outcome. While the within approach is appropriate when assessing intervention 

studies and natural experiments, it may be less appropriate when trying to identify the effect of nurse 

shortages from variations in observational data. We argue that within estimates in this case identify hospitals’ 

ability to adapt to month-to-month shortages but fail to identify problems related to structural recruitment 

problems that are often geographically determined. Hence, as within- and between-approaches identify very 

different associations, we have chosen a model specification that reveals this.    

 

Data and methods 

Data 

The study was based on retrospective individual-level register data combined with data from hospitals’ 

payroll systems. Data on hospital admissions were from the National Patient Register (NPR), where each 

patient is registered with a unique identification number, ICD-10 diagnosis code, date of admission and 

discharge, and admission type (planned, acute, inpatient or outpatient). The unique identification number 

allowed us to link sociodemographic patient-level characteristics from various registers (age, gender, income, 

education, ethnicity, and whether patients live alone or with a partner) available from Statistics Denmark. 
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The Charlson comorbidity index (CCI) based on 10 years of hospital history was derived using ICD-10 codes 

from the NPR 29,30. LOS was also derived from the NPR, and mortality was calculated by merging data from 

the NPR and the cause of death register. 

Data on staff levels were collected from the hospitals’ payroll systems at a monthly level stratified at a 

department level. Information on hours worked, sick leave, and overtime for each staff group on a monthly 

basis was used to calculate monthly hours for each staff group for each specific department. The hours 

worked were paired with patients on a monthly level, and merged using department identification codes. 

Nurse resignation from a hospital department is registered in the payroll system, which provides a monthly 

nurse turnover rate. The turnover rate does not distinguish between voluntary resignation and layoffs.  

 

Study sample and variables 

The study sample included all patients discharged with an inpatient hospital episode in a medical department 

in the region of Zealand in the period 2015-17 (N=135,728). Patients below 18 years of age were excluded 

because they were too low in numbers and were less exposed to the outcomes of interest. 

LOS was extracted from the NPR as days from admission to discharge, both days included, while 30‐day 

mortality was defined as in- and out-of-hospital deaths within 30 days of admission. 

Although nurse staffing levels were of primary interest, three staff categories were included: nurses, 

physicians, and nurse assistants. Staff-level variables were defined as staff hours per patient day on a monthly 

level for each of the five medical departments, derived by monthly staff hours divided by the aggregated 

patient hospitalization days at the department level. Staff hours included overtime and excluded absence 

and sick leave. We used the correction suggested by Spetz, Donaldson, Aydin, Brown 31 to adjust for 

ambulatory activity. Hence, the patients’ days were calculated as  
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𝑃𝑎𝑡𝑖𝑒𝑛𝑡 𝑑𝑎𝑦𝑠 = 𝑖𝑛𝑝𝑎𝑡𝑖𝑒𝑛𝑡 𝑑𝑎𝑦𝑠 +
𝑖𝑛𝑝𝑎𝑡𝑖𝑒𝑛𝑡 𝑑𝑎𝑦𝑠 ∗ 𝐷𝑅𝐺 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑎𝑚𝑏𝑢𝑙𝑎𝑡𝑜𝑟𝑦 𝑐𝑜𝑛𝑡𝑎𝑐𝑡𝑠

𝐷𝑅𝐺 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑖𝑛𝑝𝑎𝑡𝑖𝑒𝑛𝑡 𝑑𝑎𝑦𝑠
  

In this way we took into account that hospital staff spend time on ambulatory patients as well.  

Furthermore, we derived three variables to capture the current work environment for nurses: nurse 

overtime, nurse turnover rate, and nurse sick leave. Nurse overtime was derived as overtime divided by total 

hours as a percentage. Nurse turnover was derived as the sum of monthly terminations as a percentage of 

the total number of nurses in the department. Nurse sick leave was defined as the number of hours of sick 

leave divided by total nurse hours; to account for seasonal variation in sick leave, the monthly average was 

subtracted.    

We included controls for patient age and sex. Age was defined as a dummy variable in six age bands (10-year 

intervals starting at age < 50) to allow for non-linear associations with the outcomes of interest. Further, age-

gender interaction dummies were included to allow for age- and gender-specific variations in the outcomes. 

The highest attained education was included as a dummy for the following categories: primary school, upper-

secondary school, medium-long education, and long-higher education. Income was available on an annual 

basis at patient level and were included as dummies for five quantiles to allow for non-linear associations. 

Information on patient ethnicity was available from Statistics Denmark and was coded as a dummy value of 

1 if the patient had no Danish ethnicity. We also included a dummy variable indicating whether the patient 

lived alone to take into account the effects of informal care from partners32. 

To control for disease severity and comorbidity in patients, we included a dummy variable for each of the 16 

main ICD-10 chapters, indicating the main diagnosis at discharge as well as the CCI index based on 10 years 

of historical observations from the NPR register. Furthermore, we included the DRG price connected to the 

patient’ s discharge as an additional indicator of case mix and severity, and whether they had entered the 

hospital as an emergency admission. 
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To control for department-level heterogeneity, we included two variables derived at the department level 

by month: the share of ambulatory patients to total patients and the share of total activity that are related 

to emergency admission.  

 

Statistical analysis 

Identification of a causal relationship between nurse staffing level and patient outcomes in the absence of a 

natural experiment require adequate variation in the observed staffing levels. Variation can occur within 

departments over time or between departments. To exploit both levels of variation, we used a flexible within-

between random effect (REWB) model that allowed us to estimate both within- and between-department 

effects of staffing levels on patient outcomes as in Bell, Fairbrother, Jones 33. An additional advantage is that 

the model controls for omitted unobserved variables at the department level. Furthermore, contrary to the 

often-used fixed-effect model 16,17,28, it allows for the inclusion of observed department-level variables, which 

further reduces the risk of bias due to omitted variables at the department level. Hence, our baseline model 

is displayed in Equation 1: 

 

𝑌𝑖𝑗𝑡 = 𝛽0 + 𝛽𝑤(𝑁𝑢𝑟𝑠𝑒𝑗𝑡 − 𝑁𝑢𝑟𝑠𝑒𝑗
̅̅ ̅̅ ̅̅ ̅̅ ̅) + 𝛽𝑏𝑁𝑢𝑟𝑠𝑒𝑗

̅̅ ̅̅ ̅̅ ̅̅ ̅  + 𝑋𝑖𝑗𝑡
′𝛾 + 𝑍𝑗𝑡

′𝛿 + (𝑣𝑗 + 휀𝑖𝑗𝑡)  (1) 

 

where Yijt defines LOS or 30‐day mortality for patient i (i=1,…, 135,728) discharged from department j (j 

=1,…,5) in month t (t =1,…,36). w is the within estimate of the Nurse variable, and b is the between estimate 

of the effect of an additional nurse hour per patient day. The within estimate is interpreted as the longitudinal 

association within departments and defines the change in the dependent variable if a department 

experiences an increase in nurse capacity of one additional hour per adjusted patient day compared to its 

average over the observed time period. The between estimates were interpreted as the cross-sectional 
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association and defined the change in the dependent variable by an increase in the average department-

level nurse capacity of one hour per adjusted patient day. That is, the between effect identified the effect of 

more structural changes in nurse capacity, whereas the within effect identified the effects of falling short of 

nurse capacity from month to month and thereby more day-to-day staff management challenges.  Xijt is a 

matrix of patient-level characteristics described above, including interaction terms between age and gender. 

Zjt is a matrix of department-level variables (outpatient rate and emergency rate). We included 35 monthly 

dummies to remove any seasonality and general time trends in the outcome variables. Robust error terms 

were used to allow for heteroscedastic standard errors. 

We undertook various robustness checks to assess the chosen model specification. First, we compared REWB 

models without patient-level covariates. Second, to assess the potential problem of multicollinearity caused 

by the association between the three staff variables, we assessed the correlation between staff categories 

and ran models with and without physicians and assistants to assess whether the sign and significance of the 

nurse variable changed. When physician and assistants were included, they were specified in the same way 

as the nurse variable (i.e., both within- and between-estimators). As 30-day mortality is a binary variable, we 

compared the linear probability specification with logit models as a robustness check. 

 

Results 

Descriptive statistics 

Table 1 shows the descriptive statistics for the staff variables and the confounder variables at department 

level. Our data showed that patients, on an average patient day, were exposed to 3.5 nurse hours, 1.2 nurse 

assistant hours, and 1.2 physician hours (adjusted as described above). All staffing variables had a variation 

factor of around 2, although the factor for nurses was slightly higher than for the others. There was a 

relatively high and positive correlation between nurse hours per patient day and physician hours per patient 

day (correlation 56%), whereas the correlation between nurses and assistants was smaller (-26%) and 
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negative indicating substitution among these staff categories. The correlation between assistants and 

physicians was very low (-7%) (numbers not shown not shown).  

Nurse overtime and nurse turnover rates had a high level of variation with a variation factor of more than 

six; that is, in some months some departments experienced six times higher turnover and overtime rates 

than in other month/department observations. The medical departments consisted of ambulatory wards and 

bed wards for inpatient stays. However, only inpatients were exposed to the outcomes of interest (LOS and 

30-days mortality). As staff variables could not be deconstructed to ward level, this was taken into account 

by controlling for the share of patients being exposed (inpatients) at department level in each month. Of 

these, 89% were only visiting the ambulatory ward, which by definition left them with a LOS of 1. On average, 

around 80% of the inpatients entered the hospitals as emergency admissions but with a relatively high 

variation (SD 21.39 and variation factor = 2.39). 

 

Table 1 here 

 

Table 2 shows the descriptive statistics for variables measured at the patient level. The average LOS was 6.01 

days and 30-day mortality was 8.65%. The patients with hospital admissions were on average 67 years old, 

51% were male, 4.7% were first- or second-generation immigrants, and 44% were single or lived alone. The 

Charlson comorbidity index average was 1.63, and 83.49% of the patients had upper secondary school as 

their highest achieved education level. The average DRG price was around 5,000 USD with a relatively high 

standard deviation (6,000 USD). The main ICD-10 diagnosis types were: I: Diseases of the circulatory system 

(17.58%), J: Diseases of the respiratory system (22.37%), and Z: factors influencing health status (unidentified 

old age diseases) (12.98%).  

 

Table 2 here 
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Results of the REWB model 

Table 3 reports our main results of the REWB model in equation (1) with LOS as the dependent variable. 

Columns (1) and (2) assess the model with nurses as the only staff category and with and without patient- 

and department-level confounders. Columns (3) and (4) include all staff categories, and column (3) excluding 

patient and department variables are included in column (4).  

Comparing the results in columns (1) and (2), we observed a change in the sign of the within nurse estimate. 

Without adjusting for patient and department characteristics (column (1)), the within estimate for nurses 

was positive (0.0129) and not statistically significant; more nurse hours per patient day increased LOS. This 

result conflicted with the literature 5 and indicated endogeneity in the sense that departments were likely to 

adjust their staffing levels in periods where patient characteristics worsen. When we adjusted for patient 

morbidity, sociodemographic characteristics, time trend, and seasonality, as well as department 

characteristics, we found a negative and statistically significant within estimate (-0.350): higher nurse 

capacity was associated with shorter LOS. Looking at the between nurse estimates in columns (1) and (2), we 

see negative significant estimates that reduce slightly after introducing confounder variables (-1.166 vs. -

0.875); departments that, on average, have more nurse hours per patient day tend to have lower LOS. These 

results are sustained in columns (3) and (4), indicating robustness to the inclusion of other staff categories. 

First, we observe from the last row in Table 3 that the test for equality of the within and between estimates 

is rejected for nurses in both columns (3) and (4); hence, we can interpret them separately. The within 

estimate is no longer positive when including other staff categories, but fails to include patient- and 

department-level confounder variables (column 3). In the full model (column 4), we see that both within and 

between nurse estimates are comparable to the model without other staff categories (column 2). This 

indicates that multicollinearity between staff categories is a minor problem for LOS. Nurse assistants showed 

higher within estimates when compared to nurses, but positive between estimates, indicating that 

departments that vary the number of assistants over time can reduce LOS (within), whereas departments 
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with a structurally higher share of assistants face higher LOS than departments with fewer assistants 

(between). Physicians do not have any statistically significant impact on LOS. 

 

Table 3 here 

 

Table 4 shows the same model specification estimated with 30-day mortality as the dependent variable. The 

results are broadly similar to those of LOS: i) signs of endogeneity and counterintuitive sign of the within 

estimate when failing to control for patient and department characteristics and other staff categories 

(column (1)); ii) the test of equality between and within estimates is rejected; iii) robust between estimates 

showing that higher nurse capacity involves reduced mortality (columns (3) and (4)). An interesting result 

that differs from the LOS results is that the within estimate for nurses is no longer statistically significant, 

whereas the within physician estimate is highly significant (column (4)). Column (5) shows that the linear 

probability specification is comparable to a logistic specification. 

 

Table 4 here 

 

Discussion 

Brief summary of the key results  

Our results show that more nurse hours per patient day correlate with a statistically significant reduction in 

LOS and 30-days mortality. For LOS, this holds true both for the within- and between-estimates, indicating 

that flexible adjustment of nurse capacity over time (within departments) as well as higher structural levels 

of nurse capacity (between departments) will reduce LOS. However, only structurally higher levels of nurse 

capacity (between departments) involve reduced 30-days mortality.  
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For both patient outcomes, we found that higher nurse staffing levels were associated with worse patient 

outcomes when failing to control for patient heterogeneity and relying on within-department variation. 

Controlling for time varying patient-level heterogeneity changed the sign that indicates omitted variables 

bias in the former. Interestingly, between-department results were less sensitive to the exclusion of patient 

characteristics, which indicated that variation in staffing levels between departments may be more 

structurally determined by local recruitment circumstances rather than relying on patient characteristics. 

Nurse hours per patient day was positively correlated with physician hours per patient day, which may imply 

multicollinearity problems. However, for LOS, we did not find any changes in the sign and magnitude of the 

estimated effects of nurses when including other staff categories. Interestingly, this did not hold for 30-days 

mortality, where we saw a strong indication that physicians totally absorb the within effect of the nurses. 

Variation in nurse capacity over time in a given department did not affect mortality, and variations in 

physician capacity affected mortality within departments. Hence, departments that experienced temporary 

physician shortages may have higher mortality rates. However, these interpretations should be drawn with 

care, as multicollinearity between nurses and physicians may leave the estimates imprecise.       

 

Comparison and contrast to other studies  

The current study was undertaken at a department level and assessed both within and between variations. 

A range of the early literature argued for the need for department-level studies to increase the applicability 

of the literature to policymaking 14. Sales et al. (2008) undertook an analysis of the association between nurse 

staffing and mortality at both hospital and department unit levels. They showed that studies aggregating 

nurse staffing at the hospital level lead to biased estimates of nurse staffing level impact on patient 

outcomes. Their analysis at the department level showed reduced mortality rates at non-intensive care units 

of 34. Our results confirm this result.  
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Griffith et al. (2019) used longitudinal patient-level data at ward level data from one large UK hospital to 

show significant ward level nurse staffing effects on mortality16. This study uses a fixed-effect model and, 

hence, estimates within ward level effects. Our study does not confirm their findings of within associations 

on mortality, as we find that this significance disappears when considering other staffing categories. 

However, we find robust between estimates. 

While a range of studies assess nurses’ skill mix and include nurses with various degrees of competencies, 

only a few studies include physicians. Studies including physicians 35-38 point toward an important dilemma; 

omitting physicians may imply omitted variable bias and imprecise estimates, but including them may imply 

imprecise estimates due to multicollinearity. In this study, we faced a moderate positive correlation (56%) 

between nurses and physicians, and the estimated effect of nurses and physician staffing levels on LOS were 

barely changed by including physicians. Our results indicated that only nurses and not physicians had an 

impact on LOS. However, when it came to 30-days mortality, we found that more physician hours within the 

department reduced mortality, while nurses only significantly explained mortality between departments. 

This indicated, as argued by Griffith et al.14 , mortality is not only sensitive to nurse staffing levels but also to 

physicians. The between variation identified structural variation in nurse capacity among departments (in 

our study the difference was on average three year nurse staffing levels). We could interpret the failure of 

identifying significance within nurse estimates but highly significant and robust between nurse estimates as 

an indication that structural nurse recruitment problems are a larger problem than month-to-month 

recruitment problems. Temporary shortages may be solved by higher levels of productivity, whereas 

permanent shortages affect patient outcomes.  

We found that nurses and nurse assistants were negatively correlated, whereas nurses and physicians were 

positively correlated. This indicated that nurse assistants are used as substitutes for nurses, whereas 

problems with nurse staffing levels went hand-in-hand with physicians staffing levels. The latter increased 

the likelihood of studies that failed to include physicians staffing level may wrongly absorb physician effects 
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in the estimates for nurses. Our results indicated that this may be a larger problem for patient mortality than 

for LOS as the significance and sign of the nurse estimates changes more with and without other staffing 

categories as compared to the models for LOS. 

The magnitude of the estimated effects was high. For the between estimates for LOS, we found that an 

increase of one-half full time equivalent (FTE) nurse per patient day (4 hours) involved a reduction in LOS of 

almost 50% (4 × 0.796/6). The within effect was a little smaller and showed a reduction in LOS of 21% (4 × 

0.319/6) by an increase of one FTE nurse per patient day. From the estimates in column (4) in Table 4, we 

can see that an increase of one-half FTE nurses per patient day involved a reduction in mortality of 37% 

(0.008 × 4/0.087). In comparison, a meta-analysis by Kane et al.5 found a reduction in LOS of 31% and a 

reduction in mortality of an increase of 1 FTE nurse per patient day.  

 

Limitations of the current study 

This study was based on data from medical departments in one of five regions in Denmark. Restricting the 

dataset to homogenous departments had the benefit of reducing the endogeneity problem and increasing 

the ability to inform policymakers, but it lowered the external validity of our results with respect to other 

department types. Furthermore, as there tends to be quite substantial regional variation in patient 

characteristics and hospital recruitment challenges across the country, our dataset potentially 

underestimated the level of variation among Danish hospitals by only including data from one region.  

    

Implications for policy  

The literature has been criticized for relying on data aggregate at the hospital level, when operational 

decisions need to be taken at a department level. Our study focused on medical departments and showed 

that LOS and mortality can be reduced by increasing the nurse-to-patient ratio. As reduced LOS is associated 
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with potential cost savings and reduced mortality is associated with an increased in the number of saved live 

years, increases in the nurse-to-patient ratio in medical hospital departments is likely to be cost-effective, 

although assessing the scale of the potential cost effectiveness was beyond the scope of this study. 

Furthermore, our results indicate that the largest and most robust effects are found in the between 

variations. This may be interpreted as gains related to the departments with the lowest nurse-to-patient 

ratios being increased to the levels of the departments with higher ratios. This may be interpreted as an 

argument for minimum staffing legislation.  

 

Implications of the research 

Reviews of the literature on the relationship between nurse staffing levels and patient outcomes highlight 

two methodological concerns with the literature. The need for longitudinal data and the problem of omitted 

variable bias. All longitudinal studies we were able to identify used the within approach 16,17. Interestingly, 

the study by Mark, Harless, McCue, Xu 17 found that six of nine outcomes changed from significant to 

insignificant when moving from LOS models to fixed-effect models that take hospital heterogeneity into 

account. By comparison, we found that the within estimate for nurses became insignificant for mortality once 

we included all available confounders. Contrarily, we found very robust estimates for both LOS and 30-days 

mortality. This finding challenges the view in the literature that longitudinal studies are unequivocally 

stronger than cross-sectional ones. Within hospital variation per definition relies on hospitals’ changes in 

nurse staffing level over time and may fail to identify the effects of structural challenges of recruitment and 

retention. On the other hand, between estimates identifies structural differences in nurse staffing levels 

across hospitals or hospital department units and hence capture permanent recruitment and retention 

challenges, which, at least in the Danish case, are much more problematic than month-to-month staffing 

variation. Our estimates are comparable to those of seminal cross-sectional studies 18,20.  
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Tables and figures 

 

Table 1 – Department descriptives (monthly average) 

Department n=235 

  mean SD p10 p90 

Variation 
factor 

p90/p10 

Nurse HPPD 3.46 1.07 2.34 5.08 2.18 

Assistant HPPD 1.18 0.31 0.82 1.61 1.95 

Physicians HPPD 1.22 0.32 0.82 1.67 2.04 

Nurse overtime 0.85 0.47 0.24 1.46 6.07 

Nurse turnover 2.14 1.43 0.59 3.85 6.54 

Nurse sick leave 5.33 1.52 3.35 7.33 2.19 

Share of outpatients 89.03 3.91 81.62 92.26 1.13 

Share of emergency 77.83 21.39 39.70 94.76 2.39 

Note: Nurse HPPD, Nurse Hours per Patient Day; Assistant HPPD, Assistants Hours per Patient Day; 
Physicians HPPD, Physicians Hours per Patient Day; Nurse overtime, overtime/total hours in percent; Nurse 
turnover, numbers of termination/numbers of nurses hired in percent; Nurse sick leave, sick leave/total 
hours in percent; Share of outpatients, ratio of outpatient; Share of emergency, ratio of emergency 
inpatients 

 

 

  



  

 

Table 2 – Patient descriptives (individual patients) 

Patient N=135,728  
 

 
mean sd 

Leght of stay - days 6.01 6.11 

30 day mortality pct 8.65 28.12 

Patient characteristics: 

Age 67.32 16.50 

Male pct 51.11 49.99 

Income (1.000 USD) 27.80 19.75 

Other ethnicity pct 4.70 21.16 

Single pct 44.04 49.64 

DRG price (1.000 USD) 5.04 6.53 

Charlson Comorbidity Index 1.63 1.93 

Emergency pct 76.53 42.38 

Patient characteristics (education): 

Primary school pct 2.01 14.04 

Upper secondary school pct 83.49 37.13 

Medium long pct 8.75 28.26 

Higher education pct 5.72 23.23 

Patient ICD-10 diagnose - pct: 
 

DIAA 7.22 25.89 

DIAB 0.54 7.30 

DIAC 0.64 7.97 

DIAD 2.03 14.10 

DIAE 6.00 23.75 

DIAF 2.18 14.61 

DIAG 0.74 8.57 

DIAI 17.58 38.07 

DIAJ 22.37 41.67 

DIAK 4.13 19.89 

DIAM 1.79 13.26 



  

DIAN 5.64 23.06 

DIAR 12.16 32.68 

DIAS 1.58 12.46 

DIAT 1.93 13.77 

DIAZ 12.98 33.61 

 

 

  



  

 

Table 3 – Within- Between Random Effect method. Length of stay per hospitalizations 

VARIABLES REWB 

(1) 

REWB 

(2) 

REWB 

(3) 

REWB 

(4) 

within Nurse HPPD 0.0129 -0.350* -0.128 -0.319** 
 

(0.132) (0.143) (0.164) (0.107) 

between Nurse HPPD -1.166*** -0.875*** -1.232*** -0.796*** 
 

(0.0802) (0.0323) (0.0670) (0.0112) 

within Assistant HPPD 
  

-1.250*** -1.008** 
 

  
(0.131) (0.386) 

between Assistant HPPD 
  

-0.270 0.244** 
 

  
(0.166) (0.0831) 

within Physician HPPD 
  

0.930 0.285 
 

  
(0.506) (0.243) 

between Physician HPPD 
  

0.373 -0.120 
 

  
(0.509) (0.239) 

Constant 10.08*** 1.896 10.15*** 1.882 
 

(0.326) (1.317) (0.640) (1.299) 

 

Observations 135,728 135,728 135,728 135,728 

Patient characteristics NO YES NO YES 

Month dummy + Dep. characteristics NO YES NO YES 

Number of XAFD 5 5 5 5 

R-overall 0.0213 0.257 0.0224 0.257 

Equality of Within and between estimate (2-value): 

Nurses 

Assistants 

Physicians  

136.4*** 

- 

- 

 

12.1*** 

- 

- 

 

 

46.2*** 

54.9*** 

0.58 

 

16.8*** 

11.3*** 

1.0 

 

Note: HPPD: Hours per patient day.  Nurse overtime, overtime/total hours in percent Nurse turnover, numbers of 
termination/numbers of nurses hired in percent; Nurse sick leave, sick leave/total hours in percent. Robust standard 
errors are in parentheses. *** p<0.001, ** p<0.01, * p<0.05 

 

  



  

Table 4 - Within- Between Random Effect method. 30-day mortality per hospitalizations 

 Linear probability model Logistic 

VARIABLES REWB 

(1) 

REWB 

(2) 

REWB 

(3) 

REWB 

(4) 

REWB 

(5) 

within Nurse HPPD 0.00465* -0.00264* 0.00398 0.00271 0.0251 
 

(0.00192) (0.00122) (0.00436) (0.00169) (0.0437) 

between Nurse HPPD -0.0167*** -0.00744*** -0.0207*** -0.00800*** -0.165*** 
 

(0.00370) (0.000809) (0.00246) (0.000669) (0.00472) 

within Assistant HPPD   -0.00968 -0.0118* -0.249 
 

  (0.00763) (0.00557) (0.183) 

between Assistant HPPD   -0.0188** -0.00872** -0.235 
 

  (0.00612) (0.00319) (0.282) 

within Physician HPPD   0.00481 -0.01000** -0.0109 
 

  (0.0147) (0.00372) (0.245) 

Between Physician HPPD   0.0123 0.0113 -0.0604 
 

  (0.0189) (0.00576) (0.250) 

Constant 0.148*** -0.179*** 0.167*** -0.116** -6.896 
 

(0.0145) (0.0402) (0.0238) (0.0409) (0.00) 
     

 

Observations 135,728 135,728 135,728 135,728 135,728 

Patient characteristics NO YES NO YES YES 

Month dummy + Dep. characteristics NO YES NO YES YES 

Number of XAFD 5 5 5 5 5 

R-overall 0.00234 0.109 0.00266 0.109  

Equality of Within and between estimate 

(2-value): 

Nurses 

Assistants 

Physicians  

 

 

64.9*** 

- 

- 

 

27.2*** 

- 

- 

 

 

20.2*** 

1.2 

0.1 

 

73.3*** 

11.9*** 

0.9 

 

 

 

- 

Note: HPPD: Hours per patient day.  Nurse overtime, overtime/total hours in percent Nurse turnover, numbers of 
termination/numbers of nurses hired in percent; Nurse sick leave, sick leave/total hours in percent. Robust standard 
errors are in parentheses. *** p<0.001, ** p<0.01, * p<0.0 
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