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Objectives: There is a lack of evidence regarding the economic effects of nutrition support in pa-
tients at nutritional risk. The aim of this study was to perform a cost-effectiveness analysis by
comparing an adequate nutrition support cohort with a no-support cohort.
Method: A prospective observational study was performed in the surgical and medical gastroenter-
ology wards. We identified patients at nutritional risk and the provision of nutrition support by the
staff, unaware of the risk status, was recorded. Cost data were obtained from each patient’s statement
of accounts, and effectiveness was measured by the rate of infectious complication. To control for
potential confounding variables, the propensity score method with matching was carried out. The
incremental cost-effectiveness ratio was calculated based on the matched population.
Results: We screened 3791 patients, and 440 were recruited for the analysis. Patients in the
nutrition support cohort had a lower incidence of infectious complications than those in the
no-support cohort (9.1 versus 18.1%; P ¼ 0.007). This result was similar in the 149 propensity
matched pairs (9.4 versus 24.2%; P < 0.001). The median hospital length of stay was significantly
reduced among the matched nutrition support patients (13 versus 15 d; P < 0.001). The total costs
were similar among the matched pairs (US $6219 versus $6161). The incremental cost-effectiveness
analysis suggested that nutrition support cost US $392 per patient prevented from having
infectious complications.
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Conclusion: Nutrition support was associated with fewer infectious complications and shorter
length of stay in patients at nutritional risk. The incremental cost-effectiveness ratio indicated that
nutrition support had not increased costs significantly.

� 2016 Elsevier Inc. All rights reserved.
Introduction

Nutrition screening, assessment, and intervention are
major components of hospital nutritional care. This concept is
recommended by several professional guidelines [1–3].
Nutritional Risk Screening 2002 (NRS 2002) was developed
and used to identify patients at nutritional risk who would
likely benefit from nutrition support [4]. This tool had been
confirmed and validated by several studies [5,6]. Our group’s
previous work [7,8] also suggested that nutrition improves
clinical outcome among patients at nutritional risk.

Medical care is a resource in high demand and decision
makers seek to reduce medical care that is not documented to
justify its cost. The outcome of a health intervention must be
compared with the resources needed for the intervention [9,10],
and this also applies to nutrition support [11,12].

The knowledge of whether nutrition support is cost-effective
is limited. In this study, we added an analysis of cost-
effectiveness in a protocol otherwise similar to our previous
cohort studies of patients at nutritional risk [7,8].

Participants and methods

Participants

This was a prospective observational study conducted in the surgical and
medical gastroenterology wards of the First Affiliated Hospital of Chongqing
Medical University. Recruitment was carried out among patients admitted
consecutively to the wards from July 2011 to the end of June 2012.

The patients were considered eligible if they were admitted with one of the
following diagnoses:

� Gastric cancer (with surgery),
� Colorectal cancer (with surgery),
� Intestinal obstruction (with surgery),
� Crohn’s disease or ulcerative colitis (without surgery),
� Gastric cancer or colorectal cancer (without surgery),
� Mild intestinal obstruction (without surgery),
� Moderate pancreatitis, or
� Alcoholic cirrhosis.

All diagnoses weremade according to the guidelines of the Chinese Society of
Gastroenterology (similar to the guidelines of American Gastroenterological
Association). Participants also were included if theywere at nutritional risk (with
a NRS-2002 score�3), age�18 y, scheduled to stay in the hospital for at least 5 d,
willing to participate in the study, and able to communicate with the researchers.

Patients, who were pregnant, admitted emergently, experiencing impaired
cognitive functions, and transferred from other hospitals or wards were
excluded. Patients who had not been interviewed within 48 h after admission, or
had infectious complications when admitted to the hospital also were excluded
from the analysis.

The study protocol was approved by the ethics committee of Peking Union
Medical College Hospital (No. S-054), IRB of Johns Hopkins University Hospital
(2005-2008) and also the ethics committee of the first Affiliated Hospital of
Chongqing Medical University (No. 2011-14). The protocol was registered on
Clinicaltrials.gov as NCT00289380. Moreover, the study was conducted according
to the STROBE Statement and the Declaration of Helsinki [13] and informed
consent was obtained from all patients participating in the study.

Procedures

The first interviews with and examinations of patients were performed by
the research group within 24 h after admission. Nutritional risk was determined
by using NRS 2002, which was recommended for hospital patients by the
European Society for Clinical Nutrition and Metabolism (ESPEN) and Chinese
Society of Parenteral and Enteral Nutrition (CSPEN).

NRS 2002 consists of scores for impaired nutritional status and severity of
disease, and an additional score if age �70 years [4]. Impaired nutritional status
was scored from 0 to 3 according to changes in body mass index (BMI) and
weight and food intake. Severity of disease was scored 0 to 3 according to
different kinds of disease. If age was �70 y, 1 was added to the total score. NRS
2002 has been validated in the Chinese population [7,8].

All patients whomet the inclusion criteria and completed the first evaluation
were seen at least four times per week before discharge. Data concerning com-
plications and nutrition support were collected from medical records, nursing
records, and interviews with the patients. Finally, the date of discharge and the
discharge destination were recorded.

The computerized statement of the fiscal account of each patient was
obtained from the Discharge Office within 3 d postdischarge, and cost calculation
was performed. Two individuals independently evaluated the data before
entering the information into the electronic database.

Initiation and adequacy of nutrition support

Physicians and nurses caring for the patients were blinded to the result of the
nutrition screening. The decision made by the physicians to initiate nutrition
support was seemingly based on patients’ or family’s attitude toward nutrition
support, health insurance coverage, and the clinical judgment of the physicians
according to their attitude toward nutrition support. After the physicians decided
to initiate the nutrition support, nurses with expertise in this area carried out the
procedures. The decision to provide nutrition support obviously did not follow
the guidelines recommended by the CSPEN, probably because of lack of aware-
ness of the guideline. This produced the “natural experiment” that enabled us to
carry out the cohort study.

The nutrition support cohort included those patients who had received
adequate support. According to CSPEN [3], adequacy of nutrition support was
defined as 25 to w30 kcal/kg daily of nonprotein calories (carbohydrate, fat, or a
combination of the two) and 0.15 to w0.20 g/kg daily of nitrogen. Patients
received nutrition support for �5 consecutive days. Because spontaneous food
intake was not monitored systematically, the energy supplied via parenteral
nutrition (PN) or enteral nutrition (EN) had to be judged to exceed 90% of the
total energy provision.

PN solutions were given in either multichamber bags (Kabiven, Fresenius
Kabi, Bad Homburg, Germany and SSPCWuxi, China) or all-in-one bags prepared
by the pharmacy under standard laminar airflow conditions (Class 100). The
vascular access for PN was either a peripheral venous catheter (BD Pegasus,
Franklin Lakes, NJ, USA), or a peripherally inserted central catheter (PICC; Bard,
605 North 5600 west, Salt Lake City, UT, USA). The PN regimenwas continuously
infused for 16 to 24 h by adjusting the flow-rate. Tolerance to PN support was
monitored by blood tests for liver and kidney function, electrolytes, and blood
glucose.

EN was administered by commercial tube feeding (Fresubin, SSPC, andWuxi,
China). Tube feeding was continuously infused for no less than 18 h/d by
adjusting the flow rate.

Definition of nutrition support and no-support cohort

The two cohorts of patients were divided according to the nutrition support
therapy they actually received. The nutrition support cohort consisted of
patients who received adequate nutrition support, as defined above. The
no-support cohort consisted of patients who received only intravenous 5 to 10%
glucose and electrolyte infusions. According to the exclusion criteria of the
protocol for analysis, patients who received inadequate PN, inadequate EN, <5 d
nutrition support, and patients who had an oral intake >10% of total intake
were excluded from the analysis. If a patient was given adequate nutrition
support only after the occurrence of a complication, the patient was included in
the no-support cohort.

Clinical outcomes

The primary outcome of this study was defined as the occurrence of infec-
tious complications, according to clinical, radiologic, and hematologic evidence

http://Clinicaltrials.gov


Patients admitted to the study 
wards 
N = 3791 

Excluded from study 
Age <18 y: n = 23 
Pregnancy: n = 11 
Refused to participate: n = 4 
Difficulty communicating: n = 9 

  Hospital stay <5 d: n = 22 
Transferred from other institutions: n = 14 
Had surgery on day of admission: n = 25 

  Patients admitted without inclusion  
diagnoses: n = 2711 

Patients admitted with inclusion 
diagnoses 
n = 972 

Excluded from study 
Not at nutritional risk (NRS-2002 score <3): n = 500 

Patients at nutritional risk  
n = 472 

Excluded from analysis  
  Nutrition support <5 d: n = 12 

Inadequate amount of nutrition support: n = 20

Patients analyzed (before PSM) 
N = 440 

Fig. 1. Patient flowchart. PSM, propensity score matching.
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of infection [14]. If the patient had more than one infectious complication, he or
she was regarded as only one case with infectious complications. Noninfectious
and overall complication rates also were collected and treated as secondary
outcomes. The hospital length of stay (LOS) also was recorded.
Costs and cost-effectiveness

In this study, all actual costs during the in-hospital periodwere obtained from
the statement of accounts nomatterwhat kind of paymentwas used (insurance or
no insurance). Thus, the cost-effectiveness analysis was performed from the
payer’s perspective (focus on direct medical costs) [15,16].

Total costs were divided into three areas:

1. Nutrition support, including nutrition solutions, nursing, physician, and
other staff supervision of preparation, administration, and catheter place-
ment and maintenance.
2. Infectious complication(s), including diagnostic procedures and treatment,
nursing care, and physician treatment related to infectious complications.

3. “Other,” including costs associated with the hospital admission, calculated
from the total costs fromwhich the cost of nutrition support and infectious
complications were subtracted.

The total costs were used for the cost-effectiveness analysis. Cost data were
collected from each patient within 3 d after discharge. Cost is expressed in US
dollars, and the exchange rate used was US $1 equals 6.37 China Yuan (CNY) in
July 2012.

The percentage of patients without infectious complication(s) (free of
infectious complication rate) was used as a measure of effectiveness [17]. The
incremental cost-effectiveness ratio (ICER) was calculated by dividing the total
cost difference between the two cohorts by the difference in effectiveness [18].
In our study, the difference in effectiveness is equal to the effectiveness measure
(such as infection rate) for the group with nutrition support minus the effec-
tiveness measure for the group without nutrition support, the difference in cost



Table 1
Baseline characteristics of the patients at nutritional risk (N ¼ 440)

Item Nutrition support,
n ¼ 186
n (%)

No support,
n ¼ 254
n (%)

P value

Men 110 (59.1) 146 (57.5) 0.727
Age (y) 62.2 � 11.7 60.4 � 14.7 0.156
BMI (kg/m2) 20.9 � 3.3 20.9 � 3.2 0.821
Admissions in

Medical Department
38 (20.4) 102 (40.2) <0.001

Insurance 168 (90.3) 218 (85.8) 0.151
Nutritional risk score 0.026
3 74 (39.8) 125 (49.2)
4 61 (32.8) 85 (33.5)
5 41 (22) 40 (15.7)
6 10 (5.4) 4 (1.6)

Severity of disease score <0.001
1 37 (19.9) 100 (39.4)
2 149 (80.1) 154 (60.6)

Nutritional status score 0.189
0 14 (7.5) 21 (8.3)
1 74 (39.8) 88 (34.6)
2 38 (20.4) 74 (29.1)
3 60 (32.3) 71 (28)

Age score 0.640
0 122 (65.6) 172 (67.7)
1 64 (34.4) 82 (32.3)

Diagnosis group* <0.001
A 35 (18.8) 46 (18.1)
B 113 (60.8) 106 (41.7)
C 1 (0.5) 9 (3.5)
D 34 (18.3) 71 (28)
E 3 (1.6) 22 (8.7)

BMI, body mass index
* A, gastric cancer (with surgery); B, colorectal cancer and intestinal obstruc-

tion (with surgery); C, Crohn’s disease, ulcerative colitis (without surgery); D,
gastric cancer, colorectal cancer (without surgery), mild intestinal obstruction
(without surgery); E, moderate pancreatitis, alcoholic cirrhosis.

Table 2
Baseline characteristics of the patients at nutritional risk after propensity score
matching (N ¼ 298)

Item Nutrition support,
n ¼ 149
n (%)

No support,
n ¼ 149
n (%)

P value

Men 82 (55) 86 (57.7) 0.640
Age 61.4 � 11.9 62 � 13.1 0.698
BMI (kg/m2) 21 � 3.4 21.4 � 3.1 0.210
Admissions in

Medical Department
35 (23.5) 33 (22.1) 0.783

Insurance 134 (89.9) 136 (91.3) 0.691
Nutritional risk score 0.519
3 64 (43) 69 (46.3)
4 51 (34.2) 55 (36.9)
5 29 (19.5) 23 (15.4)
6 5 (3.4) 2 (1.3)

Severity of disease score 0.783
1 35 (23.5%) 33 (22.1%)
2 114 (76.5%) 116 (77.9%)

Nutritional status score 0.623
0 13 (8.7) 17 (11.4)
1 57 (38.3) 64 (43)
2 35 (23.5) 30 (20.1)
3 44 (29.5) 38 (25.5)

Age score 0.806
0 100 (67.1) 98 (65.8)
1 49 (32.9) 51 (34.2)

Diagnosis group* 0.946
A 31 (20.8) 29 (19.5)
B 83 (55.7) 87 (58.4)
C 1 (0.7) 0 (0)
D 31 (20.8) 29 (19.5)
E 3 (2) 4 (2.7)

BMI, body mass index
* A, gastric cancer (with surgery); B, colorectal cancer and intestinal obstruc-

tion (with surgery); C, Crohn’s disease, ulcerative colitis (without surgery); D,
gastric cancer, colorectal cancer (without surgery), mild intestinal obstruction
(without surgery); E, moderate pancreatitis, alcoholic cirrhosis.
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equals cost for the group with nutrition support minus cost for the group with
no nutrition support. ICER defines the cost of avoiding one patient having in-
fectious complication(s). The formula of the ICER is as follows [19]:

Cost ðnutrition supportÞ � Cost ðno nutrition supportÞ
Effectiveness ðnutrition supportÞ � Effectiveness ðno nutrition supportÞ

Sample size determination (power analysis)

We planned to include �400 eligible patients in the final analysis. Based on
our previous study [7], we assumed there would be 20% infectious complication
rate among patients without nutrition support. The proportion of participants
exposed to nutrition support was estimated as 50% in the cohort. With a two-
sided 0.05 a level, a sample of �400 would offer >80% power to detect a mini-
mum 50% relative reduction (RR) on the occurrence of infectious complications
attributed to the nutrition support.

Statistical analysis

Datawere expressed by frequencies and percentages for categorical variables
and means � SD for continuous variables. Categorical variables were compared
using c2 or Fisher’s exact tests. Normally distributed continuous variables were
compared using Student’s t test, and non-normally distributed data were
compared using the Wilcoxon rank-sum test. A specific test was used to validate
whether the distribution was normality.

As is demonstrated in the results section, the two groups differed substan-
tially with respect to baseline characteristics. These differences may, by them-
selves, have contributed to the observed difference in outcome (infectious
complications), independently of adequate nutrition support. To minimize the
confounding effect of these differences, the method of propensity score with
matching was applied. The propensity score [20] for an individual is defined as
the conditional probability of being treated given his or her covariates. In the
present study, the propensity score is the probability of a patient being assigned
to the nutrition support cohort given a set of observed covariates (age, sex, BMI,
department of admission, nutritional status score, disease severity score, and
health insurance coverage). The propensity score was calculated by logistic
regression analysis with nutrition support or no support as dependent variable
and baseline age, sex, BMI, department of admission (medical or surgical),
nutritional status score, disease severity score, and health insurance coverage as
independent baseline variables. The Hosmer–Lemeshow test showed a P¼ 0.459,
which suggests an acceptable discrimination effect of the model. A matched
sample within the two cohorts was obtained from the propensity score with the
use of the caliper matching procedure with a precision of 0.01. The balance of
baseline characteristics between the two cohorts was finally assessed using the
statistical tests mentioned above.

The ICERwascalculatedonthematchedpopulation (fromthedifferences incost
and complication rate respectively). Monte Carlo simulation [21]was carried out to
demonstrate the validityof thoseobserved economic results. This generated10 000
bootstrapping samples and the 95% confidence intervals (CIs) of those resamplings
were established. P < 0.05 was considered statistically significant. Statistical anal-
ysis was performed by SAS 9.3 software (SAS, Institute Inc, Cary, NC, USA).
Results

Patient characteristics

In all, 3791 patients were registered during the data collection
period and 440 fulfilled the inclusions criteria (Fig. 1). Adequate
nutrition support was given to 186 patients, whereas 254
patients were given no support. There was no significant differ-
ence among the follow-up time between two cohorts.

Compared with no-support patients, those in the nutrition
support group were less frequently admitted to the medical
wards (20.4 versus 40.2%) and had a higher nutritional risk and
severity of disease score (Table 1). Moreover, the baseline
diagnosis groups were significantly different between the
groups. After application of propensity score matching (149 pairs



Table 3
Clinical outcome before and after propensity matching

Item Before matching After matching

Nutrition support,
n ¼ 186
%

No support,
n ¼ 254
%

P value Nutrition support,
n ¼ 149
%

No support,
n ¼ 149
%

P value

Infectious 9.1 18.1 0.007 9.4 24.2 <0.001
Pulmonary infection 3.2 8.3 4 11.4
Wound infection 3.2 3.9 3.4 4.7
Urinary tract infection 2.7 4.3 2 6.7
Gastrointestinal infection 0 1.6 0 1.3
Noninfectious 1.1 2 0.704 1.3 2.7 0.684
Anastomosis minor bleeding 0.5 0.4 0.7 0.7
Gastrointestinal part obstruction 0.5 0 0.7 0
Wound effusion 0 0.4 0 0.7
Urine retention 0 1.2 0 1.3
Overall complications 10.2 20.1 0.004 10.7 26.8 <0.001
Hospital length of stay (d)* 15 (12–18) 15 (12–19) 0.598 13 (11–18) 15 (13–20) <0.001

* Length of stay is presented as median and interquartile ratio (Q1, Q3).
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of patients remained), there were no significant differences of
baseline characteristics between groups among the matched
population (Table 2).

Complications and hospital LOS

Before matching, the nutrition support cohort had a signifi-
cantly lower rate of infectious (9.1 versus 18.1%; P ¼ 0.007) and
overall complications (10.2 versus 20.1%; P ¼ 0.004) compared
with the no support group. LOS was similar between the two
groups (Table 3).

After matching, the support cohort showed a larger decrease
in infections and overall complications and a shorter LOS
(Table 3).

Both matched and unmatched data showed no difference in
the rate of noninfections complication.

Cost, cost-effectiveness (ICER)

The total costs were higher in the support cohort in the
unmatched population (US $6642 versus $5843, data not shown).
After matching, the difference of total costs was US $58 (Table 4).
The increased cost of nutrition support did not result in a total
increase of cost because the support group had lower overall
complications costs and reduced costs of infectious complications.

Cost-effectiveness results based on the matched population
are shown in Table 4.

The bootstrap 95% CI demonstrated that the overall costs
were not significantly different between the cohorts (Fig. 2). The
difference of effectiveness (free of infectious complication rate)
was 14.8% (bootstrap 95% CI, 4–23.6%). The ICER was calculated
as US $392.
Table 4
Cost-effectiveness analysis of nutrition support versus no support for patients at nutr

Item Nutrition support,
n ¼ 149

Cost (US$) 6219
Effectiveness (1-infectious complication rate) 90.6%
ICER ¼ (58/0.148) ¼ $392
Bootstrap 95% confidence interval of ICER (�4344 to 9598)

ICER, incremental cost-effectiveness ratio
* The propensity matched population, see text.
y The 95% CI was calculated by the bootstrap simulation; 10 000 bootstrapping sam
Discussion

The results from the present study suggested that nutrition
support reduces the number of patients with one or more
infectious complication(s), in agreement with our earlier studies
[7,8] and that the cost is $392 for each case prevented.

Moreover, the nutrition support cohort had a shorter LOS
compared with the no-support cohort. These findings agree with
those of Khan et al. [22], whose study suggested that each of the
postoperative complications studied were associated with
substantial increases in total hospital cost and LOS, even after
adjusting for type of surgery, urgency of surgery, and preopera-
tive patient comorbid conditions.

The World Health Organization (WHO) has proposed that if
the ICER is less than three times the gross domestic product
(GDP) per capita, the medical intervention should be considered
cost-effective [23]. When using the 2011 Chinese GDP level [24],
this threshold would be 105 000 CNY, equal to about US
$16,484. Our data showed an ICER of US $392 and even the
upper limit of the bootstrapping interval was US $9598. This
amount is considerably less than the WHO recommended
threshold.

The effect of nutrition support on the rate of infections
seemed to be larger in the matched sample than in the un-
matched sample (Table 3). It may be that nutrition support is
particularly effective in preventing infections in the cohort
selected by the propensity score method, i.e. more patients un-
dergoing surgery and therefore a higher score for Severity of
disease and total NRS 2002 score, cf. Table 2 versus Table 1.

The present study included only three patients using PN
combined with EN. None of the cases was using adequate EN
support alone. This result was similar to those from a previous
itional risk*

No support,
n ¼ 149

Difference
(support–no support)

Difference bootstrap
95% CIy

6161 58 (�559 to 736)
75.8% 14.8% (4 to 23.6)

ples were generated.



Fig. 2. Scatter plot of the simulation results from 10 000 bootstrapping samples.
The x axis represents the difference on infectious complication rate between the
nutrition support and no-support cohorts. The y axis represents the difference on
average total cost between the two cohorts.
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study [25]. Due to the higher cost of PN, our results would
probably have been more favorable for nutrition support if EN
had been used to a greater extent.

The rate of catheter sepsis was 0%, which was probably
related to the fact that all patients received PICC or a fine-
needle peripheral vein infusion at a slow rate. In our hospi-
tal’s surgical and medical wards, line infections from PICC and
peripheral vein infusions are very low for all hospitalized
patients.

Limitations and strengths of the study

There are some limitations to be considered in the present
study. First, it was a single-center study. Conditions vary
among hospitals and regions and the observed results should
be interpreted and extrapolated cautiously for other
populations.

Second, this was not a randomized controlled trial (RCT). An
RCT is considered unethical in China among patients who are at
nutritional risk. Physicians should not randomize at-risk patients
to an inadequate nutrition support group.

By the nature of an observational study, it suffers from the
influence of unknown confounders. However, a consecutively
recruited observational study has the advantage of avoiding the
bias of highly selected participants, which is commonly seen in
RCTs. Additionally, the propensity score matching method was
employed to minimize the effect of all known confounders. We
also found that although patients were treated by a limited
number of physicians, each having their individual practice of
prescribing nutrition support, this did not affect the results (by
means of a generalized linear analysis, data not shown).

The present cost analysis was performed from the payer’s
perspective and only the direct costs during the in-hospital
period were collected. If the costs of primary care, loss of work
ability, and postdischarge costs had been included (societal
perspective), the results would be different.

Conclusion

This study suggested that nutrition support decreases the rate
of infectious complications as well as the hospital LOS among
patients at nutritional risk according to NRS 2002. Nutrition
support also appears to be cost-effective in current clinical
practice in China.
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