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Abstract

Background: Studies have linked nurse staffing levels (number and skill mix) to several nurse-sensitive patient outcomes.

However, evidence from European countries has been limited.

Objectives: This study examines the association between nurse staffing levels (i.e. acuity-adjusted Nursing Hours per Patient

Day, the proportion of registered nurses with a Bachelor’s degree) and 10 different patient outcomes potentially sensitive to

nursing care.

Design-setting-participants: Cross-sectional analyses of linked data from the Belgian Nursing Minimum Dataset (general acute

care and intensive care nursing units: n = 1403) and Belgian Hospital Discharge Dataset (general, orthopedic and vascular

surgery patients: n = 260,923) of the year 2003 from all acute hospitals (n = 115).

Methods: Logistic regression analyses, estimated by using a Generalized Estimation Equation Model, were used to study the

association between nurse staffing and patient outcomes.

Results: The mean acuity-adjusted Nursing Hours per Patient Day in Belgian hospitals was 2.62 (S.D. = 0.29). The variability in

patient outcome rates between hospitals is considerable. The inter-quartile ranges for the 10 patient outcomes go from 0.35 for

Deep Venous Thrombosis to 3.77 for failure-to-rescue. No significant association was found between the acuity-adjusted

Nursing Hours per Patient Day, proportion of registered nurses with a Bachelor’s degree and the selected patient outcomes.

Conclusion: The absence of associations between hospital-level nurse staffing measures and patient outcomes should not be

inferred as implying that nurse staffing does not have an impact on patient outcomes in Belgian hospitals. To better understand

the dynamics of the nurse staffing and patient outcomes relationship in acute hospitals, further analyses (i.e. nursing unit level

analyses) of these and other outcomes are recommended, in addition to inclusion of other study variables, including data about

nursing practice environments in hospitals.
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What is already known about the topic?
� A
.

vast number of pre-dominantly North-American studies

have found that nurse staffing levels are often, but not

always, tied to patient outcomes in acute care hospitals.
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� E
vidence for European health care systems is limited.

Minimum staffing ratios and a mechanism to correct for

differences in the intensity of nursing care are imbedded

in the Belgian hospital financing system.

What this paper adds?
� S
ubstantial variation in patient outcomes exists. The

variation in nurse staffing levels in Belgian hospitals is

larger within, than between hospitals.
� T
his nationwide study in Belgium does not confirm the

North-American findings that acute care hospitals with

the most (or best trained) nursing staff have better patient

outcomes than those with less (or worst trained) nursing

staff.
� T
he findings draw attention to the importance of further

and increased efforts to study the link between nurse

staffing and patient outcomes in different health care

settings and in different ways.

1. Background

Research over the past two decades has indicated that

healthcare systems worldwide show wide variations in

practice that clearly jeopardize patient safety (Brennan

et al., 1991; Vincent et al., 2001; Wilson et al., 1995).

The availability of nurses, the organization of the nursing

workforce, and the work environment in which nurses

practice have gained increasing attention, particularly since

nurses represent the single largest group of providers in

hospital settings (Needleman et al., 2007). A critical mass of

literature has indicated that higher nurse staffing levels in

North-American hospitals are associated with decreases in

mortality and adverse patient events (Aiken et al., 2002a;

Estabrooks et al., 2005; Kane et al., 2007; Needleman et al.,

2002; Tourangeau et al., 2006). European countries have

differently organized health systems (i.e. more homoge-

nously organized healthcare systems that are less sensitive

to free market forces). Therefore, it can be questioned that

North-American evidence is applicable to the European

setting. While nurse survey data from across Europe are

suggestive of work environment problems leading to diffi-

culties for hospitals in recruiting and retaining highly qua-

lified nurses (Aiken et al., 2002b; Estryn-Behar et al., 2007;

Gunnarsdottir et al., 2007), very little is known about the

relationship between staffing levels and patient outcomes in

European hospitals. Two research reports examining the

association between nurse staffing levels and patient out-

comes in Europe are consistent with the North-American

evidence (Hugonnet et al., 2007; Rafferty et al., 2007). The

U.K.-study partially replicated a U.S. reference study (Aiken

et al., 2002a) in 30 NHS-trusts. Hospitals with the most

favourable staffing levels had consistently lower mortality

and failure-to-rescue rates than those hospitals with less

favourable staffing levels. Nurses employed in high staffed

hospitals reported less job dissatisfaction, nurse burnout and
problems with the quality of patient care. These associations

were in contrast to the U.S.-study not clearly linear. Rafferty

et al. (2007) found the clearest association between the

staffing levels and patient and nurse outcomes when hospi-

tals from the upper quartile (‘‘worst’’ staffed hospitals) were

compared with hospitals from the lowest quartile (‘‘best’’

staffed hospitals). The associations were not always signifi-

cant when the hospitals from the middle quartiles were

compared with the ‘‘best’’ staffed hospitals. Hugonnet

et al. (2007) showed in a single-centre study in Switzerland,

that nurse staffing levels were systematically lower 2–4 days

before nosocomial infections on intensive care units. The

authors dichotomized the nurse-to-patient ratio at the upper

quartile (‘‘worst’’ staffing) to illustrate this association.

Nevertheless, more multi-center research in different coun-

tries is desirable to strengthen the European evidence.

This study addresses the gap by examining data from

Belgium. Staffing levels in Belgian hospitals are influenced

by at least two factors inherent in the hospital financing

system. A first is a base level of hospital funding that sets

nurse staffing ratios at certain minima (e.g. 12 nurse full-

time-equivalents per 30 surgical beds). A second mechanism

relates to the allocation of a part (6.5%) of the budget on the

basis of nursing acuity (differences in the intensity of

nursing care activities). The intensity of nursing services

is measured by a validated tool, the Belgian Nursing Mini-

mum Data Set (B-NMDS) for medical, surgical, pediatric

and intensive care units (Sermeus et al., 2007a).

A recent Belgian survey (Milisen et al., 2006), found that

nurses experience the insufficient availability of nursing

staff as an obstacle for providing good quality of nursing

care, as they do in other countries (Aiken et al., 2002b).

Furthermore, Van den Heede et al. (2006) found a high

prevalence of adverse outcomes with a substantial variation

across hospitals based on an analysis of the Belgian Hospital

Discharge Data Set (B-HDDS). In this context, worried by a

deepening nursing shortage, the Belgian Ministry of Science

Policy in collaboration with the Ministry of Public Health

commissioned a study to examine the relationship between

nurse staffing levels across hospitals and the outcome rates

among patients, using administrative data representing all

acute care hospitals in the country.
2. Methods

2.1. Data sources

Data sources analyzed here were the B-NMDS and the B-

HDDS from the year 2003. Contribution of data to the B-

NMDS and B-HDDS has been required from all acute

hospitals since 1988 and 1990, respectively. Both databases

were stripped of both hospital and patient identifiers in order

to assure anonymity of hospitals and patients.

In the B-HDDS, data regarding each hospitalization

(whether a 1-day or conventional stay) are summarized in
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a single episode record. The dataset includes facility identi-

fiers indicating where the hospitalization occurred, patient

demographics, characteristics of the admission, principal

and secondary diagnosis and procedure codes (International

Classification of Diseases, 9th Version or ICD9-CM), indi-

cation of a stay on intensive care, length of stay, discharge

status and destination, and DRG assignment (All Patients

Refined Diagnosis Related Groups v15.0 or APR-DRG

v15.0) (Van den Heede et al., 2006).

The B-NMDS contains data regarding staffing patterns

and the nature of nursing care provided in each Belgian acute

care hospital. The Ministry of Public Health randomly

samples 5 days from the first to the 15 days of March, June,

September, and December and instructs hospitals to collect

data of two types and relay them to a national database.

Firstly, for every patient admitted in 1-day units or inpatient

hospitalization units a list of nursing interventions (i.e. 23

items: care relating to hygiene, care relating to mobility, care

relating to elimination, care relating to feeding, tube feeding,

mouth care, prevention of pressure sores: changing position,

assistance in getting dressed, care of patient with tracheot-

omy or endotracheal tube, nursing admission assessment,

training in activities of daily living, emotional support, care

of a disoriented patient, isolation for preventing contamina-

tion, monitoring vital signs, monitoring clinical signs, cast

care, taking blood samples, intramuscular or subcutaneous

medication management, intravenous medication manage-

ment, infusion therapy, surgical wound care, traumatic

wound care) is scored. The 23 nursing interventions can

be summarized, by means of non-linear principal component
Box 1. APR-DRG included in the analysi

168 Major Thoracic Vascular Procedures; 169 Major Ab

Circulatory System Disorder Except Upper Limb & Toe;

System Disorders; 180 Other Circulatory System Disord

& Duodenal Procedures; 221 Major Small & Large Bo

Procedures; 224 Peritoneal Adheolysis; 225 Appendec

Procedures Except Inguinal & Femoral; 228 Inguinal &

System Procedures; 260 Pancreas, Liver & Shunt Pro

Cholestyctectomy Except Laparoscopic; 263 Laparosco

Pancreas Procedures; 300 Bilateral & Multiple Major

Joint & Limb Reattachment Procedures of Lower E

Reattachment Procedures of Lower Extremity Except fo

for Curvature of Back; 304 Dorsal & Lumbar Fusion

Amputation for Musculoskeletal System & Connectiv

Except Major Joint for Trauma; 309 Hip & Femur Proc

Back & Neck Procedures Except Dorsal & Lumbal Fusion

Open Wound, Ms & Connective Tissue Disorder, Excep

Foot; 314 Foot Procedures; 315 Shoulder, Elbow & Fore

Removal of Internal Fixation Device; 320 Other Muscu

dures; 360 Skin Graft & Wound Debridement for Sk

Debridement Except for Skin Ulcer & Cellulitis; 362 M

Limb for Endocrine Nutritional and Metabolic Disorde

Graft and Wound Debridement for Endocrine Nutritio

Obesitas; 405 Other Endocrine Nutritional and Metabo
analysis, in one validated measure of the intensity of nursing

care (Sermeus et al., 2008). Secondly, for every nursing unit

where those patients are treated the number of nursing staff

that is directly involved in patient care is recorded. In

Belgium two educational pathways exist to enter the nursing

profession: diploma level and bachelor level. Both degrees

meet the criteria to practice nursing as a registered nurse and

limited differentiation between those two types of nurses is

made in the execution of one’s professional duties. On every

B-NMDS registration day the hours worked by nursing staff

on each nursing unit are registered. The hours of registered

nurses are categorized as diploma level or bachelor level

nurses. In addition, also the hours of nursing aides are

registered. Additional details regarding the content of the

database and the wording of questions used in the data

collection can be found in Sermeus et al. (2008).

Entries in both datasets are systematically audited on a

regular basis by the Ministry of Public Health before release

to policy and researchers (Sermeus et al., 2008; Van den

Heede et al., 2006).

2.2. Study population

We obtained data on all 115 Belgian acute hospitals for

the year 2003. From the B-HDSS, we selected, using the

APR-DRG system (see Box 1), all patients 20–85 years old

hospitalized in these institutions for a sample of general,

orthopedic and vascular surgeries using a list mirroring that

from prior international studies (Aiken et al., 2002a, 2003;

Rafferty et al., 2007). 43 specific APR-DRG were included
s

dominal Vascular Procedures; 172 Amputation for

178 Upper Limb & Toe Amputation for Circulatory

ers Procedures; 220 Major Stomach, Esophegeal

wel Procedures; 223 Minor Small & Large Bowel

tomy; 226 Anal & Stomal Procedures; 227 Hernia

Femoral Hernia Procedures; 229 Other Digestive

cedures; 261 Major Biliary Tract Procedures; 262

pic Cholestyctectomy; 264 Other Hepatobiliary &

Joint Procedures of Lower Extremity; 301 Major

xtremity for Trauma; 302 Major Joint & Limb

r Trauma; 303 Dorsal & Lumbar Fusion Procedure

Procedure for Except for Curvature of Back; 305

e Tissue Disorder; 308 Hip & Femur Procedures

edures Except Major Joint for Non-Trauma; 310

; 312 Skin Graft & Wound Debridement Except for

t Hand; 313 Knee & lower Leg Procedures Except

arm procedures; 317 Soft Tissue Procedures; 318

loskeletal System and Connective Tissue Proce-

in Ulcer & Cellulitis; 361 Skin Graft & Wound

astectomy Procedures; 400 Amputation Lower

rs; 401 Adrenal & Pituitary Procedures; 402 Skin

nal and Metabolic Disorders; 403 Procedures for

lic Procedures.
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(see Box 1). A surgical patient population was selected

because previous research illustrated that nurse staffing is

more consistently tied to surgical outcomes (Kane et al.,

2007) and risk-adjustment procedures are superior for the

surgical patient population (Iezzoni, 2003). The final sample

was restricted to acute in-patient hospitalizations and

included 260,923 patients.

2.3. Measures

To select variables for this study a literature review and

international Delphi survey were carried out (Van den Heede

et al., 2007). This resulted in a final list of three variable

types: 32 patient outcomes, 10 nurse staffing variables and

29 background variables (patient, nurse and institutional

characteristics that are potential confounders of relation-

ships between staffing and outcomes). It was evaluated

which of the variables from this list could be derived from

the Belgian datasets on hand. Internationally available algo-

rithms (Department of Health and Human Services, 2007;

Needleman et al., 2002; Silber et al., 1997) were used as a

starting point to develop the technical specifications of these

variables (algorithms) (Sermeus et al., 2007b). The research

team, with the support of seven experts on the B-HDDS

made adjustments to these international algorithms for use in

the present study (Sermeus et al., 2007b).

2.4. Patient outcomes

Ten of the 32 indicators suggested by the Delphi-panel

(Van den Heede et al., 2007) could be derived from the B-

HDDS. We included one safety/integrity measure (Pressure

Ulcer), three complication measures (Deep Venous Throm-

bosis, Shock or Cardiac Arrest, Postoperative Respiratory

Failure), four infection measures (Postoperative complica-

tions & infections, Urinary Tract Infections, Hospital-

acquired Pneumonia, Ventilator-associated Pneumonia,

Hospital-acquired sepsis), ‘In-hospital Mortality’ and ‘fail-

ure-to-rescue’. Failure-to-rescue is defined as the probability

of death after a complication. The original definition of

failure-to-rescue was used (Silber et al., 1992, 1997). Rele-

vant ICD9-CM codes and APR-DRG, used in the patient

outcomes algorithms, are provided in Appendix 1.

2.5. Nurse staffing

Two nurse staffing variables are calculated from the B-

NMDS (Appendix A): ‘Nursing Hours per Patient Day’

(NHPPD) and ‘Proportion of registered nurses with a Bache-

lor’s degree’. NHPPD is the hours of care provided by

registered nurses divided by the number of patients being

cared for. The ‘Proportion of registered nurses with a

Bachelor’s degree’ is obtained by calculating the proportion

of staffed registered nurses hours performed by nurses with

at least a Bachelor’s degree. From the B-NMDS only

information from acute care units (internal medicine units:
n = 525, general surgical units: n = 511, units with internal

medicine and surgical patients: n = 140, intensive care units:

n = 227) was retained resulting in a sample that contains

583,429 inpatient days for 267,398 patients and 1,403 acute

care nursing units.

Consistently collected data about nursing care intensity

in Belgian hospitals allowed us to compute uniquely

adjusted staffing levels. Staffing needs to vary, not only in

the number of patients being cared for, but also in the type of

care provided for each of those patients. As nursing care

intensity increases, the number of nursing staff required to

care for patients will increase. However, it is not common to

integrate data about workload or patient acuity into the nurse

staffing and patient safety research as this requires hospitals

to use uniform workload measurement systems. Belgium

can deliver a unique contribution to this research area by

introducing the B-NMDS in the nurse staffing and patient

outcomes research. Sermeus et al. (2008) showed how to

derive a valid measure of the intensity of nursing care from

the B-NMDS. Together with information about the hospital

type (general vs. academic), service type (intensive care vs.

acute general care), type of day (week vs. weekend), the

intensity of care measure was used to calculate the expected

number of nursing staff per nursing unit per B-NMDS

registration day (Van den Heede et al., 2008). These

expected hours of nursing staff are, like the observed hours

of nursing staff, aggregated (i.e. summed up) on the hospital

level. For each hospital the observed nursing staff hours are

divided by the expected nursing staff hours. These ratios are

multiplied by the national mean NHPPD to obtain an acuity-

adjusted NHPPD per hospital (see Appendix A). In other

words, we standardized the number of nursing staff for

differences in patient acuity.

2.6. Background variables

Background variables for use in adjusting associations

between staffing and outcomes for possible confounders,

were drawn from both major data sources to the fullest extent

possible. The B-HDDS contains information about patient-

clinical characteristics (age, gender, type of illness, severity

of illness, co-morbidities and admission type) and structural

characteristics of organizations (institution type, hospital

size, technological sophistication). However, nurse charac-

teristics (experience and employment status) and indicators

on the organizational process and work environment are not

available in the databases under study.

Patient characteristics available in the B-HDDS were

used to develop risk-adjustment models to correct for the

influence of the differences across hospitals in the risks of

patients for each type of adverse events. To identify model

variables, we drew heavily upon existing literature. The

variables included age, sex, surgery type and dummy vari-

ables indicating the presence of chronic pre-existing health

conditions (co-morbidities) reflected in the ICD-9 codes

of the B-HDDS. For failure-to-rescue and mortality the
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Table 1

Hospital characteristics study sample

Characteristics Hospitals

(%a) (n = 115)

Patients

(%b) (n = 260,923)

Hospital size (beds)

<200 15 (13.0) 14,128 (5.4)

200–299 21 (18.3) 311,88 (12.0)

300–449 37 (32.2) 71,264 (27.3)

�450 42 (36.5) 144,343 (55.3)

Technology

Not High 86 (74.8) 166,636 (63.9)

High 29 (25.2) 94,287 (36.1)

Teaching status

General 108 (93.9) 232,827 (89.2)

Academic 7 (6.1) 28,096 (10.8)

a Percentage of total hospitals.
b Percentage of total patients.
co-morbidities defined by Silber (1997) were used. For the

other outcomes the co-morbidities defined by Elixhauser

et al. (1998) were applied. The final set of variables was

determined by a selection process similar to that used by

Silber et al. (1997). The c-statistic, a measure that evaluates

how well the risk-adjustment model predicts which patient

experience adverse events, were 0.96 and 0.88 for patient

mortality and failure-to-rescue, respectively. The c-statistics

for the other patient outcomes were ranging from 0.80 to

0.92 (the highest possible value is 1.00) (Iezzoni, 2003).

We controlled the results also for three hospital char-

acteristics: hospital type (i.e. academic or general hospitals);

hospital size (i.e. number of beds) and technology level of

the hospital (i.e. performing cardiac procedures). In the

analysis that studies the relationship between acuity-

adjusted NHPPD and the different patient outcomes only

the hospital size and technology level of the hospital were

taken into account as the hospital type is already taken into

account in the calculation of acuity-adjusted NHPPD (Van

den Heede et al., 2008).

2.7. Statistical analyses

Acuity-adjusted NHPPD and percentage of registered

nurses with at least a Bachelor’s degree were measured at

the hospital level. The patient outcomes, together with the

risk-adjustment variables, were measured at the patient

level. A two-level data structure (i.e. hospitals and patients)

was used in the analyses because we could not exactly link

the patient level data (derived from the B-HDDS) to the

nursing units (derived from the B-NMDS), where those

patients stayed for the patient population under study.

Logistic regression analyses were used to investigate the

association between nurse staffing variables and patient

outcomes. All logistic regression models were estimated

by using a Generalized Estimation Equation Model (GEE) to

adjust standard errors of the parameter estimates for the

clustering of patients within hospitals. All analyses were

performed using SAS v9.1 (SAS Institute, 2001).
3. Results

3.1. Descriptive results

Tables 1 through 4 provide summary statistics for the

variables in our study. In terms of hospital characteristics it is

illustrated that more than half of the patients (55.3%) were

treated in a hospital with 450 beds or more, 36.1% of the

patients were treated in high technology hospitals and 10.8%

of the patients were treated in one of the country’s 7 (6.1%)

academic medical centers (Table 1).

The median age of patients in this study was 56 years

(inter-quartile range or IQR = 28). In Table 2 it is illustrated

that 46.6% of patients were male. The median length of stay

was 3 days (IQR = 6). The emergency admission rate was
22.5%. The In-hospital Mortality for patients admitted

through emergency was 3.5% compared to 0.4% for patients

not admitted through the emergency department. A total of

30,885 patients (11.8%) stayed on an intensive care nursing

unit. The In-hospital Mortality of patients with a stay on

intensive care nursing units is 6.5%, compared to 0.4%

among patients without a stay on intensive care nursing

units. More than half of the patients (54.7%) were classified

in an orthopedic surgery DRG. The second largest group

(35.4%) is that of patients that undergo surgery for the

digestive or hepatobiliary system. The vascular surgery

patients have the highest in-hospital mortality rate (8.9%).

The incidence of 10 adverse outcomes is used to measure

the impact of nurse staffing on patients. Table 3 presents the

overall percentage, the number of cases in numerator and

denominator and the median and IQR to indicate the spread

across hospitals for each patient outcome. Among the adverse

outcomes, the composite measure ‘Postoperative complica-

tions and infections’, Hospital-acquired Pneumonia and Pres-

sure Ulcers were the most frequent. Failure-to-rescue (deaths

among the subgroup of patients with complications) had the

highest rate. The percentage of patients dying in the hospital

was 1.13%. All other outcomes had rates of below 1%. The

IQR for the 10 patient outcomes go from 0.35 for Deep Venous

Thrombosis to 3.77 for failure-to-rescue.

In terms of staffing, hospitals recorded a mean of 2.73

(S.D. = 0.40) NHPPD (Table 4). The mean acuity-adjusted

NHPPD was 2.62 (S.D. = 0.29). The descriptive statistics (i.e.

standard deviation and IQR) demonstrate that thevariability in

nurse staffing, measured at the hospital level, decreases when

the number of nursing staff is adjusted for intensity of nursing

care. When the hospital nurse staffing levels are calculated

with data from intensive care nursing units only the NHPPD is

4.6 times more (i.e. 10.39 vs. 2.27 NHPPD) than when this is

calculated for all acute nursing units (except intensive care).

Further, more nurses (1.7 times more) working in intensive

care units held at least a Bachelor’s degree compared to other
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Table 2

Characteristics of surgical patients included in staffing and outcome analysis

Number of patients (%a) Number of deaths (%b)

Gender type

Male 121,576 (46.6) 1579 (1.3)

Female 139,347 (53.4) 1373 (1.0)

Admission type

No emergency 202,282 (77.5) 893 (0.4)

Emergency 58,641 (22.5) 2059 (3.5)

Stay on intensive care

No intensive care 230,038 (88.2) 938 (0.4)

Intensive care 30,885 (11.8) 2014 (6.5)

General surgery

Diseases and disorders of the digestive system (MDC 6) 68,799 (26.3) 1200 (1.7)

Diseases and disorders of the hepatobiliary system (MDC 7) 21,079 (9.1) 300 (1.4)

Diseases and disorders of the skin, subcutaneous tissue, and breast (MDC 9) 10,477 (4.0) 66 (0.6)

Endocrine, nutritional, metabolic diseases and disorders (MDC 10) 11,689 (4.5) 57 (0.5)

Orthopedic surgery

Diseases and disorders of the musculoskeletal system (MDC 8) 142,634 (54.7) 775 (0.5)

Vascular surgery

Diseases and disorders of the circulatory system (MDC 5) 6,245 (2.4) 554 (8.9)

Legend: MDC = Major Diagnostic Category.
a The denominator for this percentage is the total number of patients in Belgian sample (n = 260,923).
b The denominator for this percentage is the number of Belgian patients with the specific subcategory (gender type, admission type, MDC).

Table 3

Descriptive statistics patient outcomes

Variable Numerator Denominator % Median IQR

Pressure Ulcer 1543 111,755 1.38 0.96 1.25

Deep Venous Thrombosis 1322 260,877 0.51 0.45 0.35

Shock or Cardiac Arrest 1502 214,755 0.70 0.61 0.51

Postoperative complications & infections 2801 190,319 1.47 1.26 1.13

Postoperative Respiratory Failure 1777 254,467 0.70 0.60 0.56

Urinary Tract Infections 6621 260,920 2.54 2.42 2.08

Hospital-acquired Pneumonia 2420 173,591 1.39 1.38 0.82

Hospital-acquired sepsis 551 82,248 0.67 0.59 0.67

Failure-to-rescue 2659 43,159 6.16 6.25 3.77

In-hospital Mortality 2952 260,923 1.13 1.12 0.68

Legend: IQR = inter-quartile range.

Table 4

Nurse staffing variables

Hospital level Variable and measurement level

All acute nursing units All acute nursing units, except

ICU

All ICU

Mean (S.D.) Median IQR Mean (S.D.) Median IQR Mean (S.D.) Median IQR

NHPPD 2.73 (0.40) 2.66 0.47 2.27 (0.33) 2.22 0.36 10.39 (1.68) 10.01 2.27

Acuity-adjusted NHPPD 2.62 (0.29) 2.58 0.34 2.62 (0.34) 2.56 0.35 2.64 (0.43) 2.57 0.69

Proportion of RN’s with at

least a Bachelor’s degree

0.60 (0.11) 0.59 0.16 0.52 (0.12) 0.52 0.17 0.87 (0.10) 0.90 0.13

Legend: NHPPD = Nursing Hours per Patient Day; RN = registered nurses; IQR = inter-quartile range; ICU = intensive care units.
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Table 5

Relationship between nurse staffing and patient outcomes, using logistic regression analyses

Patient outcome Acuity-adjusted NHPPDa Proportion of RN’s with at least a

Bachelor’s degreeb

Odds ratio and 95%

confidence intervals

GEE P-value Odds ratio and 95%

confidence intervals

GEE P-value

Pressure Ulcers 1.45 (0.88–2.39) 0.143 4.37 (0.24–79.44) 0.319

Deep Venous Thrombosis or pulmonary embolism 0.99 (0.68–1.44) 0.966 0.82 (0.31–2.18) 0.687

Shock or Cardiac Arrest 1.43 (0.93–2.21) 0.101 0.67 (0.18–2.47) 0.544

Postoperative complications & infections 0.99 (0.68–1.44) 0.952 1.29 (0.25–6.55) 0.759

Postoperative Respiratory Failure 1.46 (0.98–2.17) 0.063 1.37 (0.41–4.55) 0.607

Urinary Tract Infections 1.50 (0.97–2.32) 0.066 1.81 (0.59–5.61) 0.301

Hospital-acquired Pneumonia 1.10 (0.79–1.54) 0.575 0.61 (0.20–1.84) 0.384

Hospital-acquired sepsis 1.56 (0.85–2.87) 0.152 0.79 (0.11–5.85) 0.821

Failure-to-rescue 1.07 (0.80–1.44) 0.626 0.92 (0.38–2.23) 0.858

In-hospital Mortality 0.99 (0.45–2.14) 0.971 1.08 (0.89–1.32) 0.425

Legend: RN = registered nurses; NHPPD = Nursing Hours per Patient Day; GEE = Generalized Estimation Equation Model.
a Patient outcomes are adjusted for patient (Diagnosis Related Groups; co-morbidities; age; gender; admission type and significant

interactions among them) and hospital characteristics (hospital size; technological sophistication). Acuity-adjusted NHPPD = Nursing Hours

per Patient Day adjusted for intensity of nursing care, type of service (intensive vs. general); type of hospital; type of day.
b Patient outcomes are adjusted for patient (Diagnosis Related Groups; co-morbidities; age; gender; admission type and significant

interactions among them) and hospital characteristics (institution type; hospital size; technological sophistication).
acute nursing units. In Appendix B it is illustrated that the

variability in nurse staffing measured at the hospital level, was

lower than the variability per nursing unit and per nursing unit

per registration day.

3.2. Association nurse staffing and patient outcomes

Table 5 presents the results of the impact of average nurse

staffing levels per hospital on adverse outcomes, corrected

for differences in intensity of nursing care, patient as well as

hospital characteristics. No significant relationship was

found between the acuity-adjusted NHPPD, proportions of

registered nurses with at least a Bachelor’s degree and the 10

patient outcomes.
4. Discussion

Our study documented substantial differences in patient

outcomes across Belgian hospitals, possibly the result of

differences in quality of care. The study has a number of

strengths including carefully cleaned and validated hospital

outcomes data, a nationwide study population, a database

with systematically collected data about nursing staff

involved in direct care, a solid risk-adjustment model and

a unique validated control measure for the intensity of

nursing care. However, we were not able to show that these

differences in outcomes were associated with variation

across hospitals in nurse staffing or nurse education mea-

sured at the hospital level.

We tested the accuracy of our findings by some re-

analyses and explored a number of strategies/reasons to

explain why the null hypotheses could not be rejected.
We repeated the analyses using a two-level structure

multi-level model including the hospital and patient level

to fully account for the fact that patients are clustered in a

hospital and thus violating the assumption of independence

(e.g. patients within a particular hospital are cared for by the

same nurses, the same hospital policy). This multi-level

approach untangles sources of variation in patient outcomes

and partitions it into two distinct levels: variation attribu-

table to patient and hospital characteristics (Luke, 2004).

One possible explanation for the ‘null result’ in the

Belgian setting is that the variation in nurse staffing among

hospitals is smaller than in other countries. After all, two

other reports in a European setting (Hugonnet et al., 2007;

Rafferty et al., 2007) did found an association between nurse

staffing and patient outcomes. In the Swiss study (Hugonnet

et al., 2007) the nurse staffing levels were dichotomized. The

75th percentile of nurse-to-patient ratios was used to dis-

tinguish high from low nurse-to-patient ratios. However, the

restriction of the latter study to intensive care units from one

hospital hampers the comparison with our study results. The

U.K.-study, on the other hand, allows better comparison.

Like in our study the nurse staffing levels from different

specialties were aggregated on the hospital level and com-

pared to patient outcomes from a (highly similar) selection

of surgical procedures. The association found in the U.K.-

study was only consistent when hospitals from the lowest

quartile (‘‘best’’ staffed) were compared to hospitals from

the upper quartile (‘‘worst’’ staffed). This indicates that the

variation in nurse staffing levels in U.K. hospitals (in con-

trast with the U.S.-study) is mainly attributed to the staffing

levels from hospital from the upper quartile. However, using

four categories of nurse staffing (i.e. quartiles of NHPPD) in

a re-analysis of the study results did not change our findings.
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The limited variation in Belgian nurse staffing levels (mea-

sured at the hospital level) can be attributed to the financing

mechanism. In Belgium a system of minimum nurse staffing

ratios at baseline is integrated in the Belgian hospital

financing system. Furthermore, when variation in NHPPD

exists, it is most likely to be attributed to differences in

intensity of nursing care and thus justified. Hospitals with a

high intensity of nursing care get a higher budget for nurse

staffing. By correcting our staffing measure for the intensity

of care (i.e. acuity-adjusted NHPPD) the minimal variation

that exists in the uncorrected NHPPD is leveled out further.

Furthermore it can be hypothesized that the variation in

nurse staffing within hospitals in Belgium is bigger than in

other countries. It is shown that in Belgium the IQR of the

acuity-adjusted NHPPD, when measured per nursing unit, is

twice the IQR of the acuity-adjusted NHPPD, when mea-

sured on the hospital level (Table 4 and Appendix B).

Nevertheless, staffing data were aggregated across observa-

tion days and specialties at the level of the hospital, as in

most (if not all) multi-center studies, because we do not

know what trajectory patients, whose outcomes were stu-

died, followed during their hospital episode. This methodol-

ogy requires substantial variation (which is the case in

North-American countries) in nurse staffing on the hospital

level. In healthcare systems with homogenous staffing levels

per hospital (e.g. Belgium), however, it might be necessary

to measure nurse staffing at the nursing unit level in order to

be able to illustrate a relationship between nurse staffing and

patient outcomes.

The finding of the great differences in nurse staffing

levels between intensive care and other acute care nursing

units resulted in two separate analyses. First the association

between nurse staffing levels from intensive care units

(aggregated on the hospital level) with patient outcomes

from patients that stayed on intensive care were studied. In a

second analysis the association between nurse staffing levels

from other acute nursing care units (aggregated on the

hospital level) and patient outcomes from patients that did

not stay on intensive care was studied. These additional

analyses did not change our primary findings.

Using only nursing care hours provided by registered

nurses omits an important factor (i.e. nursing aides) from the

analyses. Thus, nursing aides’ hours were introduced into

the calculation of acuity-adjusted NHPPD. This re-analysis

did not result in different findings.

It is recognized that the results could be highly influ-

enced by problems inherent to the use of administrative

databases, such as inadequate reporting and questions of

data integrity (Iezzoni, 2003). The B-HDDS from which we

derived our patient outcomes did not distinguish whether a

complication was present on admission. Therefore, it is

difficult to distinguish co-morbidities (present on admis-

sion) from adverse events (developed during the hospitali-

zation period) as for both measures the same secondary

diagnosis codes are used. The access to B-HDDS data from

prior years could have helped to deal with this issue by
excluding any co-morbid conditions and/or complications

that appeared for each patient in prior year data. However,

we did not have these data for this study. Furthermore, the

use of both databases (B-NMDS and B-HDDS) for the

hospital financing contains the risk of ‘‘upcoding’’ or

‘‘DRG creep’’ (a tendency to preferentially code secondary

diagnoses and nursing activities perceived to make a case

for increased hospital charges or budgets). The Belgian

datasets used here contained a wealth of information about

patients, nursing services and hospitals. However, not all

factors relevant to the relationship between nurse staffing

and patient outcomes (Van den Heede et al., 2007) could be

taken into account. It can be concluded from the results of a

study by Aiken et al. (2002b) that joint effects of staffing and

various practice environment elements on patient outcomes

exist. For that reason, the lack of a ‘nursing practice

environment’ measure like the ‘Nursing Work Index’

(Lake, 2007) in the databases used for this study was an

important shortcoming.

The APR-DRG and co-morbidities adjustment cannot be

a complete control for all levels of risk leading to the

development of adverse outcomes, nor are the studies avail-

able, or likely to tell us which risk adjuster is best (Iezzoni,

2003). Therefore, in a subsequent analysis round a combina-

tion of APR-DRG with the four risk-of-mortality categories

(for In-hospital Mortality and failure-to-rescue) or severity-

of-illness categories (for the other eight patient outcomes)

was used as an alternative method of risk-adjustment. For

these analyses the severity-of-illness and risk-of-mortality

categories were re-calculated without the secondary diag-

noses that are used in the patient outcomes algorithms. These

extra analyses resulted in highly similar results.

Finally, the study population in Belgium differs from

study populations in other countries. The In-hospital Mor-

tality in this study (1.13%) is lower than the values of 2.0%

and 2.3% reported by Aiken et al. (2002a, 2003) and

Rafferty et al. (2007), respectively. The selection of ortho-

pedic, vascular and general surgical patients may be a

selection of patients with a relative low risk of dying in

the Belgian context due to a different organization of

healthcare. ‘Shoulder, Elbow and Forearm Procedures’,

for example, have a 0.2% mortality rate in this study, as

well as in the U.S.-study of Aiken et al. (2002a). Compared

to the U.S.-study, where this patient group accounts for

3.4% of the sample, the figure in the reported study is 9.3%.

This is an indication that substitution of classic hospital

stays by 1-day clinics in Belgian hospitals is not so pro-

nounced as in the U.S. Therefore, the analyses were

repeated for a population more at risk. Patients undergoing

surgical procedures classified in an APR-DRG that is pre-

sent in at least 50% of the hospitals and has nationwide at

least 10 fatalities, at least 100 cases and a mortality per-

centage of at least 0.5% were taken into account. Analyzing

the relationship between nurse staffing and patient out-

comes for this high volume and high risk population did

not yield other conclusions.
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5. Conclusion

This study incorporated two important corrections in the

analysis of the relationship between nurse staffing and

patient outcomes. The correction for the risk of patient

outcomes, typically done by researchers, resulted in risk-

adjusted patient outcome rates, which illustrates substantial

differences between Belgian hospitals, possibly due to dif-

ferences in care quality. A second correction included the

adjustment of nurse staffing for the intensity of nursing care.

The latter makes this study a unique contribution to the

international body of knowledge. Despite these methodolo-

gical improvements, our findings do not indicate an associa-

tion between nurse staffing and the selected patient

outcomes at the hospital level.

The absence of relationships between hospital nurse

staffing levels and patient outcomes should not be construed

as implying that nurse staffing does not affect patient out-

comes in Belgian hospitals. The findings do suggest that a

potential relationship in Belgium is more complex and needs

further study because of greater uniformity in staffing levels

across hospitals throughout the country due to a strong

federal influence in hospital finance. To gain a better insight

into the relationship between nurse staffing and patient

outcomes it is recommended that this relationship is studied

on the nursing unit level. The effect of nurse staffing, after

all, is most direct at the patient care unit level (especially in

homogenously organized healthcare systems like it is the

case in Belgium). Furthermore, administrative databases can
Appendix A. Definition and data sources used for the studied

Outcomes Definition

Numerator

Pressure Ulcer Pressure Ulcersa

Deep Venous Thrombosis or

pulmonary embolism

Deep vein thrombosis or

pulmonary embolisma

Shock or Cardiac Arrest Shock or Cardiac Arresta

Postoperative complications

and infections

Posttreatment infection or

complication (ICD-9 CM:

6743, 9993, 9985, 99851,

99859, 99662, 99664)

Respiratory Failure Acute Respiratory Failurea
be improved. For instance, experts have made an increas-

ingly strong case for including fields in secondary datasets

that distinguish between secondary diagnoses that are pre-

sent on admission from those that develop during hospita-

lizations to enable better risk-adjustment and more accurate

ascertainment of complications (Pine et al., 2007).
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measures

Excluded from denominator

Length-of-stay <5 days; Pressure Ulcer as primary diagnosisa;

MDC 9; MDC 14; hemiplegia, paraplegia, quadriplegiaa;

spina bifida or anoxic brain damagea; procedure for

debridement or pedicle graft before or on the same day as

the major operating room procedurea; admitted from a

long-term facility; transferred from an acute care facility

Deep vein thrombosis or pulmonary embolism as primary

diagnosisa; procedure for interruption of vena cava as only

procedurea; abortion-related and postpartum obstetric

pulmonary embolisma

Shock or Cardiac Arrest as primary diagnosisa; abortion-related

shocka; trauma and hemorrhagea; MDC 4; MDC 5

Posttreatment infection or complication as primary diagnosis;

immunosuppressed statea; cancera; length-of-stay <2 days

Acute Respiratory Failure as primary diagnosisa;

non-elective admissions; neuromuscular disordera;

procedure for tracheostomy as only procedure or

before the first operating room procedurea; MDC 4;

MDC 5; MDC 14
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Appendix A (Continued )

Outcomes Definition

Numerator Excluded from denominator

Urinary Tract Infections Urinary Tract Infectionsb Urinary Tract Infection as primary diagnosisb; pregnancy

or abortion-related Urinary Tract Infectionsb; MDC 11-MDC15

Hospital-acquired Pneumonia Pneumoniaa Pneumonia as primary diagnosisa; length-of-stay <3 days;

principal diagnosis with ICD-9-CM 9973; viral and specific

pneumonia codesa; immunocompressed statea; MDC 4

Hospital-acquired sepsis Sepsisa Sepsis as primary diagnosisa; non-elective admissions;

principal diagnosis of infectiona; immunocomprised

statea; cancera; MDC 14; length-of-stay <4 days

Failure-to-rescue In-hospital Mortality Patients without one of the following complicationsc: cardiac:

arrhythmias, arrest, infarction, congestive heart failure;

respiratory: pneumonia, pneumothorax, bronchospasm,

respiratory compromise, aspiration pneumonia; hypotension,

shock, hypovolemia; neurologic: stroke, transient ischemic attack,

seizure, psychosis, coma; Deep Venous Thrombosis, pulmonary

embolism, arterial clot, phlebitis; internal organ damage,

return to surgery; infection: deep wound infection, sepsis;

gangrene, amputation; gastrointestinal bleeding, blood loss;

peritonitis, intestinal obstruction; renal dysfunction; hepatitis;

pancreatitis; Pressure Ulcers; and orthopedic complications and

compartement syndromes

Mortality In-hospital Mortality /

Nurse staffing Definition

NHPPD Hours of nurses (Bachelor Degree + Diploma nurses) involved

in direct patient care divided by the number of inpatient days

Acuity-adjusted NHPPD The ratio of observed hours of nursing care over the expected

hours of nursing care (calculated from the intensity of nursing

care, hospital type, service type, type of day)d multiplied by

the average NHPPD of the total sample

RN with at least a Bachelor’s degree Proportion of nurses with a Bachelor’s degree over all nurses

(Bachelor Degree + Diploma nurses). This proportion is

calculated based on the hours of nursing staff registered

during the 20 days of the B-NMDS registration

Hospital characteristics Definition

Hospital size Number of beds categorized as <200; 200–299; 300–449; �450

Technology level Hospitals performing cardiac surgery

Teaching status Academic versus general

a Department of Health and Human Services (2007).
b Needleman et al. (2002).
c Silber et al. (1997).
d Sermeus et al. (2007b); MDC = Major Diagnosis Category; NHPPD = Nursing Hours per Patient Day.

Appendix B. Nurse staffing variables, measured on the level of the nursing unit

Variable and measurement level All acute nursing units All acute nursing units,

except ICU

All ICU

Mean (S.D.) Median IQR Mean (S.D.) Median IQR Mean (S.D.) Median IQR

Nursing unit level

NHPPD 3.83 (3.25) 2.40 1.19 2.54 (1.21) 2.28 0.64 10.52 (2.11) 10.40 2.83

Acuity-adjusted NHPPD 2.83 (1.14) 2.60 0.67 2.86 (1.22) 2.60 0.66 2.65 (0.54) 2.60 0.67

Proportion of RN’s with at

least a Bachelor’s degree

0.61 (0.22) 0.59 0.33 0.56 (0.19) 0.55 0.27 0.87 (0.12) 0.92 0.16

Nursing unit level, per registration day
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Appendix B (Continued )

Variable and measurement level All acute nursing units All acute nursing units,

except ICU

All ICU

Mean (S.D.) Median IQR Mean (S.D.) Median IQR Mean (S.D.) Median IQR

NHPPD 3.96 (3.75) 2.45 1.56 2.57 (1.41) 2.29 0.91 11.09 (3.97) 10.36 4.21

Acuity-adjusted NHPPD 2.88 (1.40) 2.59 0.97 2.90 (1.46) 2.59 0.97 2.79 (1.03) 2.57 0.99

Proportion of RN’s with at

least a Bachelor’s degree

0.60 (0.25) 0.60 0.40 0.55 (0.23) 0.55 0.34 0.88 (0.15) 0.92 0.18

Legend: NHPPD = Nursing Hours per Patient Day; RN = registered nurses; IQR = inter-quartile range; ICU = intensive care units.
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