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Abstract

Background: Hospitals are constantly being challenged to provide high-quality care despite ageing populations,
diminishing resources, and budgetary restraints. While the costs of care depend on the patients’ needs, it is not clear which
patient characteristics are associated with the demand for care and inherent costs. The aim of this study was to ascertain
which patient-related characteristics or models can predict the need for medical and nursing care in general hospital
settings.

Methods: We systematically searched MEDLINE, Embase, Business Source Premier and CINAHL. Pre-defined eligibility criteria
were used to detect studies that explored patient characteristics and health status parameters associated to the use of
hospital care services for hospitalized patients. Two reviewers independently assessed study relevance, quality with the
STROBE instrument, and performed data analysis.

Results: From 2,168 potentially relevant articles, 17 met our eligibility criteria. These showed a large variety of factors
associated with the use of hospital care services; models were found in only three studies. Age, gender, medical and nursing
diagnoses, severity of illness, patient acuity, comorbidity, and complications were the characteristics found the most. Patient
acuity and medical and nursing diagnoses were the most influencing characteristics. Models including medical or nursing
diagnoses and patient acuity explain the variance in the use of hospital care services for at least 56.2%, and up to 78.7%
when organizational factors were added.

Conclusions: A larger variety of factors were found to be associated with the use of hospital care services. Models that
explain the extent to which hospital care services are used should contain patient characteristics, including patient acuity,
medical or nursing diagnoses, and organizational and staffing characteristics, e.g., hospital size, organization of care, and the
size and skill mix of staff. This would enable healthcare managers at different levels to evaluate hospital care services and
organize or reorganize patient care.
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managers would be able to generate information on cost issues and
substantiate trends in the demand for hospital care services over
time. Furthermore, university hospitals could better define their
top-referral patient populations and plan for capacity and
capability through staff levels and facility planning.

At present, it is still unclear which individual, and preferably

Introduction

As health expenditures continue to rise, hospitals are challenged
to provide more efficient and affordable services without
compromising on quality. Efficient and high-quality hospital care
is generally determined by three aspects. First, the size and

educational level of the medical and nursing staff [1,2]; second, the
organization of care [3]; and third, the number of patients treated
and their disease severity [4].

Because healthcare costs and consequently its affordability are
related to the severity of a patient’s condition (need for health
care), and to the services requested (demand for health care), it is
mmportant for hospital managers to identify the factors that
determine the demand [5]. If these factors could be identified,
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objective, patient characteristics are associated with the demand
for hospital care services and their inherent costs. In recent
attempts to reveal these characteristics, the focus was on specific
patient populations [6], or different reference standards were used
for analysing the characteristics and produced conflicting results
[7].

When searching for associations between patient characteristics
and the demand for hospital care services, it is necessary to define
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‘demand for hospital care services’ or the product of this demand,
i.e., ‘use of hospital care services’. Although the WHO defines
‘demand for health services’ as: The health care expectations expressed by
individuals or communities, a more detailed interpretation of the term
is lacking. For the purpose of this review, we further define the
term ‘demand for hospital care services’ as the need for medical
treatment and nursing care (i.e. personnel costs for medical and
nursing staff as well as costs for therapeutic and diagnostic
interventions), as determined by the individual patient’s diagnosis
and wishes.

During the nineteen-eighties and nineties, researchers put effort
into matching the demand for hospital care services with nursing
supplies. This was fuelled by economic pressures (i.e. nursing
shortages [8] and the knowledge that the amount of nursing care
needed varies substantially between diagnosis-related groups
(DRGs) [9]). The above resulted in various definitions for ‘nursing
care’ as well as various ways of predicting the demand for, or the
measurement of nursing care actually given [10]. Clinical nursing
care is most clearly expressed as ‘nurse hours per patient day’
(NHPPD) [11]. It is also customary to use the term for the product
of the demand for care, i.e., ‘nursing care intensity’ or ‘workload’,
[10,12] as measured with a range of patient classification systems
(PCS). In addition, other methods have been proposed, such as
DRG nurse costing models or nurse-patient ratios [13]. Although
these methods are commonly used, they have been criticized
because nurses do not perceive them as a reflection of the ‘real’
nursing workload and these methods do not take into account
changes in practice, e.g., a rise In care complexity or nursing care
intensity [13,14]. In addition, NHPPD, DRG costing models, and
nurse-patient ratios are merely a proxy for the nursing care offered
(personnel staffing) with the underlying assumption that all patients
and all patient days are equal in terms of the use of health services.

In the medical world, the use of hospital care services is
generally measured by costs for care as determined by DRG
costing models 7], or length of stay (LOS) [15]. However, it is
widely known that the intensity of patient care, and therefore the
utilization of health services, increases as the LOS is shortened.
Furthermore, LOS is substantially influenced by non-medical, for
example, organizational factors [16,17] and therefore not useful as
an expression of the demand for medical services.

In the most favourable case scenario, the utilization of clinical
hospital care services is defined as costs made during hospitaliza-
tion, including the costs incurred for medical, nursing, diagnostic
and therapeutic services. However, considering the variety of the
measures and the shortcomings of some of them, we decided to
study the use of hospital care services by using hospitalization
costs, nursing workload and nursing care intensity. We therefore
conducted a systematic literature review to search for associations
between factors or models and the patient’s demand for medical
and nursing hospital care services in non high-care hospital wards.

Methods

This systematic review was conducted according to the
PRISMA Preferred Reporting Items for Systematic Reviews and
Meta-analysis-statement [18].

Eligibility criteria

Articles were eligible if they: 1) explored associations between
health status parameters or patient characteristics and the demand
for hospital care services; 2) focused on hospitalized patients on
general wards; and 3) used regression or correlation analyses to
explore possible associations.
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We applied no restrictions on study design, but excluded other
reviews including systematic reviews and original studies that
merely described relative measures such as staffing levels, health
outcomes, or length of hospital stay.

Literature search and information sources

MEDLINE, Embase, CINAHL and Business Source Premier
were searched from inception through June 2013 to find articles
that predicted or explained the demand for hospital care services;
there were no limits regarding publication status, date or language.
The complete search strategy for each database is given in
Appendix S1 (MEDLINE), Appendix S2 (Embase), and Appendix
S3 (for CINAHL and Business Source Premier). The search was
designed and conducted with the help of a clinical librarian.

Study Selection

Eligible articles were independently selected by two reviewers
(HV and DU) based on the relevance of their titles and abstracts as
retrieved by the search. If articles met the inclusion criteria, full-
text versions of the articles were obtained and further scrutinized
for eligibility by CO and JHV. Authors were contacted for
irretrievable articles. HV and DU also made the final selection of
articles to be included. CO was involved in any cases of
disagreement where consensus was reached through discussion.
The reference lists of included articles were checked to detect any
potential additional studies. Also, experts in healthcare services
research were asked for potentially eligible studies.

Study quality appraisal

The STROBE statement for cohort studies was used to assess
the methodological quality of the included studies [19]. This
standard contains general methodological aspects that are
important and applicable to the studies included. Appraisal was
undertaken by two reviewers independently (CO and JHV) and
cross-checked afterwards. Quality items were judged as ‘—’ (not
described) or ‘+’ (described) as according to the definition in the
STROBE statement. Items scoring “+/— were partially present,
e.g., when the study population was described in terms of the
medical diagnosis rather than the patient characteristics.

Data extraction and data items

Data extraction was performed by using a predefined,
structured data-abstraction sheet and was double-checked during
the process by CO and JHV. The following data were extracted:
author, year of publication, setting, research design, sample size
and specialty, (resource) reference standard, possible associated
factors, measures of association with the demand for hospital care
services, expressed as correlation coefficient (p), beta-coefficient ()
of a linear regression analysis, or odds ratio (OR) as derived from a
logistic regression analysis, including their p-values and 95%
confidence intervals (CI). We also documented whether the
associations given had been corrected for other factors by means
of a multivariable analysis. Where there was some uncertainty
about the data, CO and JHV contacted the authors by e-mail.

Data analysis
All models and factors in the included studies that were
investigated for their association with the use of hospital care
services were summarized. Associations were judged significant if
P <0.05 or their CI did not enclose the value of 0 or 1.
Meta-analysis was intended if study designs, reference stan-
dards, and outcomes were homogeneous. Otherwise, the findings
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are described and categorized by the various models and factors
found.

Results

Study selection and characteristics

The search identified 2,168 studies from the four databases.
After removing the duplicates and reviewing the titles and
abstracts, 124 studies remained that met the inclusion criteria.
Based on the full texts, a further 109 studies were excluded. Most
of these studies (n = 83; 76%) did not report patient characteristics.
For nine studies, all dissertations, the researchers received no reply
to their queries for more information. Two authors replied to
questions about their statistical analyses, but no extra data were
obtained. One study was included after checking the references of
one included publication. Another study was included because it
was known by the researchers. Eventually, 17 studies were
identified for this review (Figure 1).

The studies included (Table 1) were published between 1983
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design, while five studies (30%) were prospective cohort studies.
Ten studies (59%) were conducted in the United States, five in
Europe (30%) and two in Canada (11%). Data were taken from
hospital sources including hospitalizations on different wards e.g.
pulmonary, medical, surgery, obstetrics and gynaecology, intensive
care, paediatrics, orthopaedics, geriatrics, and cardiology units.
Study sizes ranged from 206 to 298,691 patients.

From the 17 studies, various factors associated with the demand
for hospital care services were investigated. These comprised
patient characteristics [7,12,20,21,22,23,24,25,26,27], Case Mix
Group (CMG), DRG (Appendix S4), nursing diagnoses [7,21,
24,28,29,30] (Appendix S4), severity of illness [9,22,23,25,
26,30,31,32] (Appendix S5), patient acuity [12,24,30] (Appendix
S5), comorbidities [7,23], complications [7,23,25,26,33] and
admission and discharge factors [22]. Three studies [21,23,30]
investigated models estimating the demand for hospital care
services.

Different outcomes were used to determine the amount of
hospital care services demanded: five studies used nursing hours

and 2013. Twelve out of the 17 studies (70%) had a retrospective spent  [9,28,29,31], two studies used resource consumption
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Figure 1. Summary of search strategy.
doi:10.1371/journal.pone.0098102.g001
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[20,32], three studies used nursing workload [12] or nursing
workload as measured by a PCS [21,22], Sermeus et al. [30] only
used nursing care intensity, and seven studies used hospitalization
costs [7,23,24,25,26,27,33]. Physician services, if investigated at
all, were done so only indirectly.

As a result, only factors tested in multivariable analyses and
individual factors (i.e. univariable and correlation analyses) are
described. For the results of all univariable analyses and
correlations between the utilization of hospital care services and
associated factors please see Table 1. Because of large range of
definitions of demand for health care services, we refrained from
doing a meta-analysis.

Methodological quality of studies

Overall, the methodological quality of the included studies was
moderate to good (Table 2). Rationale, participants, variables and
level of measurement, sample size and statistical methods were
clearly reported. However, only eight (47%) studies mentioned
their study design and provided an informative abstract. As most
studies used large databases, the assessment of bias was hardly
possible and limited to the data validation as reported by the
investigators. Only six studies (35%) explained how missing data
were handled, and in eight (56%) studies the characteristics of
study participants were described. Seven studies that described the
number of DRGs included, scored this as ‘partially present’ (31%).
The precision of adjusted and unadjusted estimates was given in
eight studies (47%).

Models

Three models were found that could predict the use of hospital
care services to a certain extent [21,23,30]. Halloran [21] reported
a model comprising the patient’s age, gender, and race, which
explained only 4.3% of the nursing workload. In addition,
Halloran described a model with nursing diagnoses and DRGs
that explained 60% of the nursing workload as measured by a
PCS. More than 20 years later, Sermeus et al. [30] could explain
78.7% of nursing care intensity as measured by a Nursing Minimal
Data Set (NMDS) Prinqual 1, including hospital type, hospital
size, department type, patient’s age, San Joaquin system scores,
DRG, and the interaction between DRG and severity of illness. By
removing the San Joaquin scores, the model explained only 40.8%
of nursing care intensity. Recently, van Oostveen et al. [23]
reported a model comprising age, medication during hospitaliza-
tion, complications, co-morbidity and medical specialty, explain-
ing 56.2% of hospitalization costs for surgical patients.

Individual patient characteristics

Five studies reported different results on the association between
age and the use of hospital care services. Geissler et al. [7] reported
a significant association between age and hospitalization costs
(younger patients <61 years were more costly), while Mahmoud et
al. [33] found older patients (>65 years) more likely to account for
hospitalization costs over USD 15.000. Fagerstrom et al. [12] and
Wang et al. [27] found that age contributed slightly but
significantly to nursing workload and hospitalization costs. The
study by Oostveen et al. [23] reported that age had no significant
influence on hospitalization costs.

Three studies investigated the association of gender, race and
BMI with costs. Geissler et al. [7] found lower costs for women
than for men in three out of the seven countries investigated. This
result was confirmed by Mahmoud et al. [33] and Wang et al.
[27]. Additionally, Mahmoud et al. [33] found a decrease in costs
for Caucasian patients and a cost increase for patients with a
higher BMI score (>30).
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Diagnosis, DRG, CMG, case mix index & nursing
diagnoses

DRGs and CMGs contributed 10% to hospital resource
consumption [32] 18% to nursing hours [28], and 26.3% to
nursing workload as measured by a PCS [21]. Sermeus et al. [30]
performed a regression analysis including DRGs and a possible
interaction between DRGs and severity of illness, but no
significant interaction was found.

DRGs and nursing diagnoses together explained 60% of the
variance for nursing workload as measured by a PCS. Nursing
diagnoses alone contributed 53.2% [21]. One study [7] reported
significantly more costs for hip replacement in patients with
fractures (in three out of seven countries studied), lower costs in
patients receiving a partial replacement (4/7 countries) and higher
costs for revision of a hip implant (7/7) (Table 1). Van Oostveen et
al. [23] found that the surgical specialties urology, orthopaedics,
gastro-intestinal surgery, short-stay surgery, plastic surgery,
vascular surgery and oral and maxillofacial surgery, as proxies
for diagnosis, were more costly than trauma surgery. All specialties
together explained 46% of the variance for hospitalization costs.

Severity of illness/Physical health status

Severity of illness as measured by Susan Horns’ Patient Severity
Index (Appendix S5) contributed 48% to nursing workload as
measured by a PCS [22]. The contribution of severity of illness to
nursing hours varied widely per DRG (total range 17% to 49%)
[31]. McMahon et al. [32] also found wide ranges for laboratory
measurements, as a proxy for severity of illness, in the different
DRGs. Although Titler et al. [26] showed a significant correlation
between severity of illness and costs, they found no further
significant differences in costs in their final model between
different levels of severity.

Patient acuity

Sermeus et al. [30] found the San Joaquin scores could explain
most of the variance (70%) of nursing intensity, while Fagerstrém
et al. [12] found their PCS contributed only 37% to nursing
workload.

Comorbidity and Complications

Two studies assessed comorbidity via the Charlson comorbidity
index (CCI) in association with hospitalization costs [7,27]. One of
these studies found contradictory results [7] whereas Wang et al.
[27] found an increase in hospitalization costs of USD 229.50 per
index shift in the CCI. Patients with hip fractures and depression
as comorbidity had reduced hospital costs by an average of USD
1299.59 [25]. In heart failure patients, only one comorbidity
(deficiency anaemia) was associated with higher hospital costs
(USD 536.00) [26]. The quantity of different medications being
used by patients were also related to hospital costs [25,26]. Geissler
et al. [7] revealed higher costs for the total number of diagnoses as
well as for urinary tract complications or wound infection. Van
Oostveen et al. [23] reported significant effects of the total number
of comorbidities —9%, complications +18%, and quantity of
medications —3%, on hospitalization costs. For patients with high
SENIC risk scores (Appendix S5) for surgical wound infections, the
chance of costs rising above USD 15.000 was three times higher
than in patients with low or moderate scores [33].

Correlation

In five studies factors in their univariable or correlational
analyses were used without testing them in multivariable analyses.
Mion et al. [22] and van Oostveen et al. [23] reported a significant
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association between admission type (elective and emergency) and
the hospital care services used. Mion et al. [22] also found a
significant positive relationship for the type of discharge. Four
research teams tested marital status [21,22,25,26], religion and
occupation [25,26] as possible influencing factors, but no
significance was found. The payer was also found not to influence
nursing workload significantly [21].

The American Society of Anesthesiologists (ASA)-class was used
by van Oostveen et al. [23] to measure the physical health status of
patients. They found only two categories (1-2/1-3) of ASA-classes
significantly associated with hospitalization costs.

Fourteen out of 30 specific comorbidities recorded in patients
diagnosed with hip fractures were positively associated with
hospital costs [25], while three comorbidities, i.e. depression,
paralysis and obesity, showed a negative correlation. Primary
diagnoses in heart failure patients were found not to influence
hospital costs significantly [26].

Discussion

This systematic review of 17 studies shows that the use of
hospital care services is both defined and composed (i.e., financial
components) differently across countries, disciplines and studies.
Both organization-related and patient-related factors contribute to
the use of hospital care services. In particular, age, gender, medical
diagnosis, nursing diagnosis, severity of illness, patient acuity,
comorbidity, and complications have been investigated the most
and have been found to be associated significantly with the use of
hospital care services.

The best combination of factors, explaining nearly 80% of the
nursing care intensity, contained hospital type, hospital size,
department type, age, severity of illness, DRG, and the San
Joaquin system score [30]. However, this model contains patient
characteristics as well as organizational factors, and explains
nursing rather than medical services used. The second best model
[23], containing only patient characteristics, explained 56.2% of
the use of hospital care services. This implies that a combination of
patient characteristics, including patient acuity, and organizational
factors, results in the best model for explaining the use of hospital
care services.

All models found examined individual patient characteristics as
explanatory factors for the use of hospital care services, which
suggests that these characteristics are important predictors for care
demand. The characteristics found in this review can be used as
predictors if they are known prior to a patient’s admission, or as
explanatory factors if they occur during admission, for example, to
monitor trends in time regarding the demand for care. Therefore,
the results of this review may be integrated into a practical
dashboard for healthcare managers and policy-makers to manage
and (rejorganize their delivery of clinical hospital care at
operational, tactic and strategic levels of decision-making. This
will help substantiate their top-referral patient population,
reorganize patient care, up-scale wards, planning budgets,
capacity and capability, and evaluate the hospital care services
themselves.

CMGs, DRGs and medical specialty [7,23,28,30,32] indicators
for the medical diagnosis, were better suited for predicting the
demand for hospital care services than the patient characteristics.
Consequently, these indicators appear to be more suitable for
explaining the use of hospital care services than individual
diagnoses — apparently because the aggregate of this predictor
corrects for variation at individual patient level. Nursing diagnoses
[21] and the San Joaquin score for patient acuity [30], predicted
the use of hospital care services even better than the indicators for
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the medical diagnosis. This seems plausible because nursing
diagnoses and patient acuity scores contain similar elements
regarding a patient’s condition and aspects of nursing [21].
However, this characteristic cannot be derived easily from hospital
databases, which poses difficulties to its practical application.

Contradictory results were found for factors like comorbidities
and complications [7,23,25,26,27,33]. In another review, Gijsen et
al. stated that some negative associations found between comor-
bidity and the use of hospital care services may be due to the fact
that the severity of the various comorbidities was not weighed in
these studies [34]. Furthermore, less severe comorbidities may
have been managed easily and less expensively with medication,
while patients with more severe comorbidities may have had more
expensive treatments.

One of the three models also addressed some organizational
factors concerning hospital structure (e.g. hospital size, department
type) [30]. Although the individual predictive values of most
organizational factors were either not reported or small, they do
determine efficient and high-quality hospital care [3]. Hence, these
factors have to be included in any explanatory or prediction model
for the use of hospital care services. This also holds for the size and
educational level of the medical and nursing staff [1,2,35], but
none of the studies in this review investigated these factors.

The limitations of this review are firstly, the heterogeneity of the
reference standard ‘use of hospital care services’. Because hospital-
1zation costs are defined differently in different countries, hospital
databases are also set up differently resulting in the study aims being
different. Hence, it is impossible to pool data and hardly possible to
provide a clear result for each predictor. Secondly, the reference
standard provides information on the amount of care delivered,
which can be based on revenues rather than on the needs of patients
[35]. Furthermore, the methodological quality of the included
studies was fairly good, but 50% of the studies were somewhat
dated. For instance, confidence intervals came into use during the
nineteen-nineties [36] and were rarely reported earlier. Potential
sources of bias and funding were also poorly reported, which may
have flawed the validity of the results.

Conclusion

This systematic literature review has revealed several patient
characteristics that are significantly associated with the need or
demand for healthcare services in the hospital setting. The most
prominent characteristics were age, gender, medical diagnosis and
nursing diagnosis, severity of illness, patient acuity, comorbidity,
and complications, most of which can be derived from hospital
databases. Complete models that explain the use of hospital care
services should contain patient characteristics, including patient
acuity, medical or nursing diagnoses, organizational factors and
staffing characteristics, as these factors do determine efficient and
high-quality hospital care, and therefore the costs of care. These
models appear useful for healthcare managers and policy-makers
as predictors or to monitor trends in time regarding the demand
for care.

Supporting Information

Appendix S1 Search Embase.
(DOC)

Appendix S2 Search MEDLINE.
(DOC)
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(DOC)
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Appendix S$4 DRG —explanation.
DOC)

Appendix S5 Score explanation.
(DOC)
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DOC)
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