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Abstract
Context: Despite growing evidence in the US, little evidence has been available to evaluate whether internationally,

hospitals in which nurses care for fewer patients have better outcomes in terms of patient survival and nurse retention.

Objectives: To examine the effects of hospital-wide nurse staffing levels (patient-to-nurse ratios) on patient mortality,

failure to rescue (mortality risk for patients with complicated stays) and nurse job dissatisfaction, burnout and nurse-

rated quality of care.

Design and setting: Cross-sectional analysis combining nurse survey data with discharge abstracts.

Participants: Nurses (N ¼ 3984) and general, orthopaedic, and vascular surgery patients (N ¼ 118 752) in 30 English

acute trusts.

Results: Patients and nurses in the quartile of hospitals with the most favourable staffing levels (the lowest patient-to-

nurse ratios) had consistently better outcomes than those in hospitals with less favourable staffing. Patients in the

hospitals with the highest patient to nurse ratios had 26% higher mortality (95% CI: 12–49%); the nurses in those

hospitals were approximately twice as likely to be dissatisfied with their jobs, to show high burnout levels, and to report

low or deteriorating quality of care on their wards and hospitals.

Conclusions: Nurse staffing levels in NHS hospitals appear to have the same impact on patient outcomes and factors

influencing nurse retention as have been found in the USA.
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What is already known about the topic?
�

P

se
There is growing evidence from studies in the US that

hospitals in which nurses care for fewer patients have

better patient outcomes, but there is little evidence

available internationally.
What this paper adds
�
 This large-scale national study of nurse staffing in the

UK supports US findings that patients and nurses in

hospitals with the most favourable staffing levels

have better outcomes than those in less favourably

staffed hospitals.
�
 Provides evidence that the positive relationship

between low nurse: patient staffing ratios and

favourable patient and nurse outcomes is an inter-

national phenomenon.

1. Outcomes of variation in hospital nurse staffing in

English hospitals

The impact of nurse staffing on patient outcomes has

been controversial in the US and as contentious in the

UK. A 2001 Audit Commission report on ward staffing

in National Health Service (NHS) hospitals noted

considerable variation across trusts in expenditures on

nurse staffing but was not able to determine whether

those differences were associated with variation in

patient outcomes (Audit Commission, 2001). The

Commission concluded, ‘‘Unless and until trusts that

spend more [on staffing] can demonstrate a clear link

with the quality of care that is delivered, movement

towards a more even allocation of resources seems

reasonable both for patients and staff.’’ (1, p. 15). The

Healthcare Commission released a report in June 2005

suggesting that patients were more satisfied in hospitals

with more qualified nurses but emphasized again the

lack of evidence linking staffing to patient outcomes and

the need for research to guide decision-making in this

area (Healthcare Commission, 2005).

The Audit Commission’s report coincided with the

publication of the first results from the five-country

International Hospital Outcomes Study. The Interna-

tional Hospital Outcomes Study, involving seven inter-

disciplinary research teams in five countries (US,

Canada, England, Scotland and Germany), examined

the extent to which the relationships between nurse

staffing, the quality of the nurse work environment, and

patient and nurse outcomes are similar across countries

with well-resourced health care systems (Aiken et al.,

2002a, b). It was seen that over 70% of nurses providing

direct patient care in participating UK NHS hospitals in
lease cite this article as: Anne Marie Rafferty et al., Outcomes of v
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England reported that there were not enough nurses on

their wards to provide care of high quality (Aiken et al.,

2001). More than a third of nurses in these trusts scored

in the high range on a standardized measure of job

burnout, and almost 40% reported that they intended to

leave their jobs within a year.

Recently published results from the US component of

the International Hospital Outcomes Study documented

a strong association between nurse staffing and mortal-

ity following common surgical procedures, and also

showed that job dissatisfaction and burnout were

associated with low staffing levels. In the US study,

every one patient added to the average hospital-wide

nurse workload increased the risk of death following

common surgical procedures by 7% (Aiken et al.,

2002a, b). There was a 31% difference in mortality

between hospitals in which registered nurses cared for 8

patients each and those in which nurses cared for 4

patients each after taking into account patients’ severity

of illness and co-morbid conditions, and the size,

technology level, and teaching status of the treating

hospitals. Findings from the Canadian arm of the

international study mirror those in the US, most

notably, a staffing skill mix with a higher proportion

of registered nurses was associated with significantly

lower mortality (Estabrooks et al., 2005).

A robust evidence base of studies demonstrating that

better hospital nurse staffing is associated with more

favourable patient outcomes has stimulated both

legislative and voluntary actions by hospitals in the US

to improve staffing levels (Aiken et al., 2002a, b;

Estabrooks et al., 2005; Moses and Mosteller, 1968;

Hartz et al., 1989; Needleman et al., 2002; Page, 2004;

Lang et al., 2004; Kazanjian et al., 2005; Spetz, 2004).

While many concerns about the quality of hospital care

are shared internationally (McKee et al., 1997; McKee

et al., 1998), decision-makers in other countries have not

always considered these US findings to be applicable to

their particular national contexts. This paper reports on

analyses of data on NHS hospitals in England from the

International Hospital Outcomes Study and provides

evidence of the kind sought by the Audit Commission

on the relationship between nurse staffing levels and

patient outcomes in England.
2. Methods

Nurse and patient data from 30 English hospital trusts

analysed in this paper were collected in connection with

the International Hospital Outcomes Study begun in

1999. The theoretical background and methods for the

study are discussed elsewhere (Aiken et al., 2001; Aiken

et al., 2002a, b; Estabrooks et al., 2005). Data were

gathered from three sources. Information about hospital

structure (such as size and teaching status) came from
ariation in hospital nurse staffing in English hospitals: Cross-
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administrative databases. Nurses practicing in partici-

pating hospitals were surveyed to obtain data on

patient-to-nurse ratios, staffing adequacy, working

conditions, and quality of care indicators. Patient

outcomes were derived from both nurse surveys and

discharge abstracts. These data were merged to examine

the influence of staffing and other hospital conditions

on a variety of patient and nurse outcomes. The study

protocol was approved by research ethics review boards

at both the London School of Hygiene and Tropical

Medicine and the University of Pennsylvania.
2.1. Samples and measures

2.1.1. Hospitals

The sampling frame for hospitals was a list of NHS

trusts in 4 of the then 14 NHS regions (regional health

authorities at the time of the study) that participated in

the CHKS benchmarking program. CHKS provided

commercial data benchmarking services to approxi-

mately two-thirds of NHS trusts in 1999 and thus

provided an efficient infrastructure for recruiting hospi-

tals to the study and a current database of standard

patient discharge information that had been cleaned for

analysis and adjusted for severity of illness. The four

NHS regions were selected to ensure representation of

trusts in urban and non-urban communities in different

parts of England. All 32 of the trusts participating in the

CHKS programme in each of these regions were

approached, and all agreed to participate in both nurse

surveys and sharing of their patient data. Due to one

merger and problems in data collection at another trust,

our final sample was 30 trusts.

A comparison of the trusts studied with acute trusts

nationally is provided in Table 1. Of the 30 trusts, 10

had high-technology facilities (the capability to under-
Please cite this article as: Anne Marie Rafferty et al., Outcomes of v

sectional analysis of survey data and..., International Journal of Nu

Table 1

Characteristics of the study hospitals compared with all acute

care trusts in England, 1999

Study

sample

(N ¼ 30)

All acute care

trusts in England

(N ¼ 188)

n (%) n (%)

Size (number of beds)

o600 11 (36.7) 78 (41.5)

600–1000 12 (40.0) 79 (42.0)

41000 7 (23.3) 31 (16.5)

Mission

Core teaching facility 8 (26.7) 26 (13.8)

Not a core teaching facility 16 (53.3) 104 (55.3)

Multiservice (having a

significant non-acute care

component)

6 (20.0) 58 (30.9)
take cardiac, neurosurgical and renal procedures), 4

were provincial teaching hospitals, and 4 were London

teaching hospitals (teaching status and technology status

overlapped considerably). The trusts had between 368

and 2709 beds, with 11 having fewer than 600 beds, 12

having between 600 and 1000 beds and the remainder

with over 1000 beds. Of the 30 hospitals in our sample

and the 145 across England assigned to a specific

geographical service area, 11 (45.8%) and 25 (19.2%),

respectively, were designated as London hospitals. The

high representation of London hospitals in the sample

resulted from one of the four former Thames regions

being in the sampling frame.

2.1.2. Nurses

We conducted surveys of nurses using lists provided

by payroll offices at each trust. Nurses working full-time

on medical and surgical wards, as well as nurses in other

selected inpatient specialties involved in direct care were

asked to complete a self-administered survey. Nurse

managers, paediatric nurses, psychiatric nurses, mid-

wives, as well as operating room nurses, were specifically

excluded from the surveys. The survey questions were

designed to collect data on basic demographic factors

(education, age, duration in job, qualifications), nurses’

workloads, nurses’ evaluations of the quality of their

work environment, the quality of care, their job

satisfaction and their occupational health. Nurses

received questionnaires on their units, in personally

addressed envelopes, returning questionnaires by post to

the research offices. They were assured of the con-

fidentiality of their responses. Non-respondents received

reminder cards at 4 and 9 weeks. Surveys were carried

out from April to July 1999 yielding responses from

3984 nurses, a response rate of 49.4%.

The nurse staffing measure was derived from a series

of questions inquiring about the number of patients on

the respondent’s ward during the last shift worked and

the total number of nurses covering these patients (as

well as the number of patients specifically assigned to the

nurse herself/himself). The mean of all patient loads of

all registered nurses and enrolled nurses (the latter

corresponding roughly to practical nurses in the US)

carrying at least one patient on the most recent shift

worked in each hospital was used to derive a hospital-

specific aggregate staffing measure. This measure of

nurse staffing has been found to be superior to those

derived from administrative databases because it in-

cludes only those nurses who have clinical caseloads

(Aiken et al., 2002a, b).

Four nurse-reported outcomes were analysed. Job-

related burnout was measured using the 9-item Emo-

tional Exhaustion subscale of the Maslach Burnout

Inventory, a standardized tool (Maslach and Jackson,

1986). Nurses who scored in the ‘‘high’’ burnout range

with respect to published norms for the subscale were
ariation in hospital nurse staffing in English hospitals: Cross-

rsing Studies (2006), doi:10.1016/j.ijnurstu.2006.08.003.
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identified. Job satisfaction was rated by nurses on a 4-

point scale from very satisfied to very dissatisfied.

Nurses rated the quality of care on their units as

excellent, good, fair or poor, and assessed whether the

quality of care in their hospitals had improved,

deteriorated or remained unchanged over the last year.

2.1.3. Patients

The patients studied were 20–85 years old and had

been discharged in the 1998 calendar year from one of

the 30 study hospitals. Hospitalizations studied were

designated as having healthcare resource groups (HRG)

codes (NHS Information Authority, 2005) representing

specific types of general, orthopaedic, and vascular

surgical cases that had been decided upon by an

international consortium of researchers to represent

commonly occurring surgical procedures undertaken by

most hospitals (HRGs are analogous to Diagnosis

Related Groups in the US). These case types closely

parallel those in earlier US publications (Aiken et al.,

2002a, b). The specific HRGs examined were: F01–F06,

F11–F16, F21–F23, F31–F35, F41–F45, F51–F54,

F61–F63, F71–F75, F81–F82, F91–F95, G02–G05,

G11–G17, G21–G22, H01–H22, J01–J07, J29–J37,

K01–K03, Q01–Q07, Q11, Q15–Q16.

Discharge abstracts analysed here were based on data

collected for the nationally mandated Hospital Episode

Statistics, a minimum data set of variables relating to

each episode of care. Some 300 variables, ranging from

demographic characteristics of patients and postcode, to

administrative statistics (date of admission/discharge),

identities of consultants, specialized diagnoses (up to 16)

and procedures, source of admission, discharge destina-

tion and time on waiting list were included. The close

working relationship developed between CHKS and

client trusts facilitates a detailed and interactive process

of data validation and correction leading to quality

levels above those achievable through automated data

checks. Consequently, the data analysed here can

generally be presumed to be of higher quality than the

raw data from the NHS system.

In addition to inpatient mortality, failure to rescue

(FTR) was examined (deaths among patients who

experienced complications). FTR is based on the

premise that complication rates in hospitals may vary

as a function of patient illness severity, whereas the

survival rate among patients who experience complica-

tions may be closely related to quality of care (Silber

et al., 1997). In the US, where this measure was devel-

oped, FTR is operationalized by scanning secondary

diagnosis codes for evidence of life-threatening compli-

cations. Because of more limited secondary diagnosis

coding in English hospital data (McKee et al., 1999), a

FTR measure based on extended length of stay (LOS)

(an indicator of deviations from a normal clinical

course) (Silber et al., 2003) was developed in the course
Please cite this article as: Anne Marie Rafferty et al., Outcomes of v
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of this study. Patients whose stays exceeded 1.25 times

the median for their HRG were identified as likely to

have developed a complication.

The risk adjustment model used to account for

differences in mortality risk among patients was devel-

oped using a logistic regression approach that incorpo-

rated data on demographic factors, procedures and

diagnoses, interactions between procedures and diag-

noses, and a number of other interaction terms.

(Charlson et al., 1987; DesHarnais et al., 1988). The

model was based on data for all patients in CHKS-

member trusts for the study year. The model yielded

scores representing each patient’s odds of dying. The C-

statistic (area under the receiver operating characteristic

curve) (Hanley and McNeil, 1982) for the mortality

model was 0.94.

2.2. Data analysis

Descriptive statistics were used to illustrate the

characteristics of the patients and the nurses in the

sample. Logistic regression models were used to estimate

the effects of nurse staffing on the patient outcomes

(mortality and FTR), two nurse-reported job outcomes,

and two nurse ratings of quality of care. To account for

the clustering of nurses and patients within hospitals,

robust (Huber–White) procedures were used to derive

the logistic regression parameters (Huber, 1967). We

computed the likelihood of patients dying and dying

following complications, and of nurses reporting high

burnout, job dissatisfaction, fair or poor quality of care

on their units, and deterioration in the quality of care in

their hospitals in relation to staffing levels before and

after controlling for a series of patient or nurse

characteristics (depending on the type of outcome),

and then again after control for hospital characteristics

(size, bed size, technology). Nurse staffing was recoded

as a categorical variable grouping institutions into

quartiles. All analyses were performed using STATA

version 8.0 (STATA Corp, College Station, Tex.) using

po0.05 as the statistical significance level.
3. Results

Across the 30 hospitals, 3984 nurses responded to the

questionnaire, most of whom were registered nurses. As

noted in Table 2, two-thirds were employed on medical-

surgical units, 1 in 10 worked in an intensive care unit,

and nearly 1 in 4 worked in another clinical area

(accident and emergency, elderly, and an ‘‘other’’

category were the three most common of these). Slightly

more than one-third of the nurses experienced high

burnout and were dissatisfied with their jobs (36%

each). Some 16% reported that quality of care on their

units was only fair or poor and 27% believed that
ariation in hospital nurse staffing in English hospitals: Cross-

rsing Studies (2006), doi:10.1016/j.ijnurstu.2006.08.003.
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Table 2

Characteristics of nurses in the study hospitals (N ¼ 3984)

Characteristic N

Demographic characteristics

Women 91.7 3971

Enrolled nurse 7.0 3984

Holder of a bachelor’s or higher degree 8.2 3984

Age (SD) 34.4 (9.3) 3929

Clinical specialty 3984

Medical and surgical 65.7

Intensive care 11.0

Other 23.3

Dependents at home 44.2 3967

Job experiences and evaluations

High emotional exhaustion/burnout 35.6 3974

Dissatisfied with current job 36.4 3969

Rates care on ward as fair or poor 16.0 3885

Believes quality of care in hospital

deteriorated in previous year

27.2 3885

Table 3

Characteristics of surgical patients in the study hospitals

All patients

(N ¼ 118 752)

Patients with

complications

(N ¼ 42 682)

Male (%) 48.1 46.9

Age (mean (SD)) 54.5 (17.8) 57.2 (17.8)

Emergency admission (%) 31.6 42.6

Inpatient death (%) 2.3 6.4

HRG chapter (%’s)

General surgery

Chapter F (digestive

system)

36.7 36.4

Chapter G (hepatobiliary

and pancreatic system)

10.0 10.8

Chapter J (skin, breast

and burns)

17.4 17.6

Chapter K (endocrine

and metabolic system)

1.3 1.1

Orthopedic surgery

Chapter H

(musculoskeletal system)

25.2 24.9

Vascular surgery

Chapter Q (vascular

system)

9.4 9.1

Extended length of stay

and/or death

(complications) (%)

35.9 100
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quality of care in their institutions had deteriorated in

the previous year. About 8% of the respondent nurses

held bachelor or higher degrees.

A slight majority of the 118 752 patients were women,

as noted in Table 3. The mean age of patients was 54.5

years. Of these patients, 2.3% died and 35.9% experi-

enced extended lengths of stay and were considered to

have had complicated hospital stays. A substantial

minority (31.6%) of all patients, and 42.6% of patients

with complicated hospital stays were admitted on an

emergency basis. The two most common categories of

surgeries were digestive and musculoskeletal, with those

two groups accounting for about 60% of the cases.

Among patients who experienced complications, the

characteristics were quite similar except that consider-

ably more (6.4%) died during their hospital stays. The

body systems related to the admission diagnoses of the

complicated cases were very similar to those of the larger

group of patients.

Average hospital-level workloads ranged from 6.9 to

14.3 patients per nurse across the 30 hospitals, reflecting

the substantial variation in nurse staffing across trusts

noted by the Audit Commission. Dividing the hospitals

into four even groups on the basis of their mean staffing

levels led to the distribution of hospitals indicated at the

top of Table 4. Logistic regression modelling with robust

standard errors was carried out to identify any relation-

ship between the average number of patients cared for

by nurses in each hospital and negative outcomes for

patients or nurses. Results of the fully adjusted models,

taking into account all major characteristics of patients

and nurses within the hospitals, are shown in Table 4.

Patients in hospitals in the upper quartile (where

nurses had the heaviest patient loads) were 26% more
Please cite this article as: Anne Marie Rafferty et al., Outcomes of v
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likely to die overall and 29% more likely to die following

complicated hospital stays than those in the lowest

quartile. The nurses in the hospitals with the heaviest

workloads were between 71% and 92% more likely to

show negative job outcomes (burnout and job dissatis-

faction), and to rate the quality of care on their wards as

low and the quality of care in their hospitals as

deteriorating. While increases in the risks of negative

outcomes for patients and nurses in hospitals in the

middle two quartiles were found in relation to those in

hospitals in the bottom quartile on patient-to-nurse

ratios, a number of these contrasts were not statistically

significant. All, however, were in the expected direction.

The clearest effects of staffing were seen when compar-

ing the ‘‘best’’ staffed hospitals (lowest average work-

loads) versus the ‘‘worst’’ staffed hospitals.
4. Discussion

In this study of 30 hospital trusts in England, we

found a large and consistent effect of nurse staffing on

mortality outcomes in surgical patients as well as on

nurse job outcomes and nurse ratings of quality of care.

Hospitals in which nurses cared for the fewest patients
ariation in hospital nurse staffing in English hospitals: Cross-

rsing Studies (2006), doi:10.1016/j.ijnurstu.2006.08.003.
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Table 4

Patient and nurse outcomes in trusts with different staffing levels

Odds ratios for negative outcomes in relation to the 1st quartile of trusts (6.9–8.3 patients per nurse, 7

hospitals)

Quartile 2 p Quartile 3 p Quartile 4 p

8.6–10.0 patients

per nurse (8

hospitals)

10.1–12.0 patients

per nurse (8

hospitals)

12.4–14.3 patients

per nurse (7

hospitals)

Patient outcomesa

Mortality 1.20 (0.97, 1.49) 0.09 1.14 (0.99, 1.31) 0.07 1.26 (1.09, 1.46) 0.002

Failure to rescue 1.20 (1.03, 1.40) 0.02 1.16 (0.99, 1.34) 0.06 1.29 (1.12, 1.49) o0.001

Nurse-reported outcomesb

High emotional exhaustion 1.34 (1.05, 1.69) 0.02 1.14 (0.88, 1.46) 0.32 1.78 (1.35, 2.37) o0.001

Job dissatisfaction 1.22 (0.93, 1.58) 0.15 1.38 (1.16, 1.65) o0.001 1.71 (1.33, 2.19) o0.001

Fair/poor quality of care on

unit

1.35 (0.98, 1.86) 0.07 1.59 (1.14, 2.22) 0.008 1.92 (1.43, 2.56) o0.001

Quality of care deteriorated in

hospital in last year

1.44 (1.06, 1.96) 0.02 1.32 (0.89, 1.95) 0.16 1.75 (1.19, 2.56) 0.004

Odds ratios computed in logistic regression models with adjustment for clustering of subjects by hospital.

Hospital characteristics include hospital size, teaching status, and technology status.
aPatient characteristics include risk score (see text), age (linear and quadratic terms), mode of admission, major diagnostic category.
bNurse characteristics include age, sex, enrolled (versus registered) nurse, degree, dependents and clinical specialty.
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each had significantly lower surgical mortality and FTR

rates compared to those in which nurses cared for the

greatest number of patients each. These findings are

remarkably similar to those observed in 168 Pennsylva-

nia hospitals studied at approximately the same time as

part of the same international study (Aiken et al.,

2002a, b). In addition to an overall mortality rate of

2.3% in the patient population in the current study (the

figure in Pennsylvania for a group of comparable

patients was 2.0%), the contrasts between highest and

lowest staffing levels revealed a decrease in mortality risk

of 31% in Pennsylvania versus 26% in England. Thus,

this study’s results fit squarely into a rapidly expanding

body of literature documenting a link between better

nurse staffing and better patient outcomes. It is, to our

knowledge, one of the first hospital outcomes studies

based on UK patient and nurse data (Jarman et al.,

1999; UK Neonatal Staffing Study Group, 2002), and

the only one clearly linking better nurse staffing with

lower mortality for common surgical procedures.

Using the final fully adjusted model and keeping all

other characteristics of patients and hospitals constant,

we used direct standardization procedures (Bishop et al.,

1975) to calculate that some 246 fewer deaths would

have been seen in this subset of general surgery patients

in 30 trusts had all been treated in hospitals with the

most favourable staffing levels. Since our study involved

only a sample of trusts and a subset of patients within

those trusts, the number of lives that could potentially

be saved through investments in nursing throughout
Please cite this article as: Anne Marie Rafferty et al., Outcomes of v
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While this calculation incorporates a number of

assumptions and must be interpreted with caution, it

suggests the possible magnitude of the consequences of

low staffing for the types of outcomes of greatest

concern to policymakers and the public alike.

In addition to better outcomes for patients, hospitals

with higher nurse staffing levels had significantly lower

rates of nurse burnout and dissatisfaction. The nurses in

the hospitals with the heaviest patient loads were 71%

more likely to experience high burnout and job

dissatisfaction than hospitals with the most favourable

nurse staffing. Nurse burnout and dissatisfaction are

precursors of nurse resignations (Sheward et al., 2005;

Lake, 1998) and patient dissatisfaction (Vahey et al.,

2004). Our findings, like those of the US study (Aiken et

al., 2002a, b) suggest that better-staffed hospitals may be

more successful in retaining their nurses. Hospitals and

health systems internationally, as well as in the UK, are

looking hard at maintaining and increasing the number

of employed nurses to meet service and quality goals

(Chancellor of the Exchequer, 2003)—retention of

currently employed nurses is key to meeting these goals.

Our findings that hospitals with more favourable

nurse staffing show the best outcomes for patients and

nurses provide the kind of research evidence called for

by the UK Healthcare Commission in its report on ward

staffing (Healthcare Commission, 2005). The findings

suggest that quality of care and nurse retention would

improve if staffing levels across the NHS were brought
ariation in hospital nurse staffing in English hospitals: Cross-

rsing Studies (2006), doi:10.1016/j.ijnurstu.2006.08.003.
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more into line with those in the best-staffed hospitals in

this study.

We have undertaken a number of tasks to verify the

accuracy of our findings. The analyses were repeated in

several different ways to ensure that the results reported

here were robust to different cut-points for categorizing

hospital workload levels to include and exclude slightly

different groups of hospitals. Rates of poor outcomes

for patients and nurses in hospitals in the lower

(‘‘better’’) tertile on staffing were compared against

those in hospitals in the upper two tertiles (a three-group

categorization, introducing three more hospitals into the

bottom and top groups) and in the lowest versus the

other five quintiles (a five-group categorization taking

one hospital out of those groups) were examined. The

results were comparable to those in Table 4. Even more

pronounced contrasts in outcomes were seen in trusts in

the top and bottom fifths of hospitals on staffing. In

addition to these sensitivity analyses, we confirmed that

the results were robust to recalculating staffing statistics,

restricting consideration to nurses from medical and

surgical wards and excluding responses from a small

number of nurses who reported very high patient loads

(above 25 patients) on the last shift. Vascular patients,

one of the diagnostic categories included among the

general surgery patients studied, have higher risk for

mortality than other general surgery patients. Thus, we

tested the effects of staffing with and without including

vascular patients and there were no differences.

Data were linked at the level of the hospital. While we

were able to accurately classify nurses and patients into

hospitals, we do not know to what extent the specific

patients whose outcomes were studied here were cared

for by the nurse respondents. The staffing statistics

analysed were averages across shifts and specialties and

while they are sound indicators of the availability of

nursing time to patients across entire hospitals, they

should not be interpreted as patient to nurse staffing

ratios for implementation at the ward level.

The study has a number of strengths including

carefully cleaned and validated hospital outcomes data,

primary nurse survey data from a large sample of nurses

in each study hospital, sound risk adjustment methods

for the patient outcomes and appropriate controls for

nurse and hospital characteristics. While measurement

error and unmeasured differences in patient populations

and hospital operations across acute hospitals may

explain a portion of the effects seen here (as well as the

lack of a consistent effect of staffing across hospitals in

the middle range on staffing), we are confident that we

have incorporated all of the relevant data available to us

in this analysis.

In conclusion, this study is important in documenting

that low levels of nurse staffing in UK hospitals have the

same detrimental effects on patient outcomes and nurse

retention that have been found in a large number of
Please cite this article as: Anne Marie Rafferty et al., Outcomes of v

sectional analysis of survey data and..., International Journal of Nu
studies conducted primarily in North America. When

considered alongside disturbing trends in the global

nurse workforce (Buchan, 2002) it suggests that pro-

blems with the supply of nurses and the possible impacts

of variability in nurse staffing levels on patients cannot

be considered solely N. American problems. To our

knowledge this is the first UK study to document lower

mortality and improved nurse retention in hospitals with

more favourable patient nurse ratios. There is an urgent

need for action by health system and hospital leaders

internationally to implement strategies, which promote

the retention and sustainability of the registered nurses

in the workforce. Shortage is not just about numbers but

also about how the health system functions to enable

nurses to use their skills effectively.
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