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Abstract

Background

Malnutrition is very common in elderly patients admitted to the hospital. The aim of our study
is to assess the nutritional status of elderly patients and the use of nutritional support in a ter-
tiary care hospital in China and to analyze the impacts of nutritional status and nutritional
support on clinical outcomes.

Methods

Statistical analysis was performed on a sample of 745 elderly patients in the geriatric medi-
cine department of Qilu Hospital of Shandong University from March 2012 to March 2015.
The Nutrition Risk Screening 2002 (NRS 2002) and Mini Nutritional Assessment-short
forms (MNA-SF) were utilized for the nutritional risk screening at admission. Personal infor-
mation, anthropometric measurements, laboratory tests, nutritional support and clinical
outcomes were recorded. Comparisons were carried out to analyze impacts on clinical out-
comes and prognosis based on incidence rate of nutritional risk, nutritional support rate, and
different methods of support.

Results

NRS 2002 and MNA-SF were utilized to screen for nutritional risk at admission. The results
of this screening were 39.81% and 44.10%, respectively. Based on the results of the MNA-
SF, 33.38% of elderly patients were at risk of malnutrition and 5.5% were malnourished.
The incidence of nutritional risk in the departments of Gastroenterology, Hematology, and
Respiratory were 51.72%, 46.88%, 43.33%, respectively, higher than in other departments.
Patients with nutritional risk were more likely to have a longer hospital stay compared to
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those without (P < 0.05). The nutritional support rate of patients overall was 16.49%, and
the ratio of Parenteral nutrition (PN):Enteral nutrition (EN) was 5.13:1. Patients at nutritional
risk had an in-hospital support rate of 29.63% and 28.57%, respectively, identified via
screening by NRS 2002 and MNA-SF. Nutritional support rate of patients without nutritional
risk was 7.8%(35/449) and 6.96%(29/417), respectively. Patients in the departments of
Gastroenterology and Hematology had higher rates of nutritional support than patients in
other departments. In addition, results showed that in patients with nutritional risk and mal-
nutrition, nutritional support decreased the length of hospital stay (P<0.05). The patients
that received nutritional support also had a lower incidence of infectious complications than
the patients without nutritional support (NRS 2002 was 6.82%:18.18% and MNA-SF was
9.57%:20.23%)(P<0.05).

Conclusions

Undernourishment and nutritional risk in elderly patients at hospital admission is a common
occurrence. In the current study, the nutritional risk rate in the Gastroenterology department
was higher than in other departments. Patients with normal nutritional status were still
receiving nutritional support. Overall, there is a need to better apply nutritional support in
the clinical treatment of elderly patients. In elderly patients with nutritional risk and malnutri-
tion, nutritional support reduced the length of hospital stay and the incidence of infectious
complications.

Introduction

Since the practice of parenteral and enteral nutritional support was applied in clinical treat-
ment, the application of nutritional support has experienced rapid development. The theories
and methods behind nutritional support are constantly evolving. For patients who need nutri-
tional support, choice of the appropriate method can enhance the recovery of patients and sig-
nificantly improve clinical results and prognosis [1-3]. Due to a higher nutritional risk rate
and functional degeneration, patients with multiple conditions are more common among
elderly patients, who are more susceptible to disease and malnutrition. This makes these
patients a target for nutritional support [4, 5]. Studies on the effects of nutritional support on
clinical results have mainly focused on the nutritional status of patients, the tolerance of clini-
cal treatments, rate of complications, hospital length of stay (HLOS), readmission rate, mortal-
ity rate, and the cost of care [6, 7]. Results of the studies vary, and there is disagreement over
the timing and methods for nutritional support [8, 9].

This study used the NRS 2002 and MNA-SF to conduct screening on 746 elderly hospital-
ized patients, evaluating the nutritional status of the patients and studying the effects of nutri-
tional support on clinical results.

Methods
2.1 Patients

The study was a prospective observational study in the geriatric medicine department of the
Qilu hospital of Shandong University. Recruitment was carried out among patients admitted
consecutively to the wards from March 2012 to the end of March 2015.
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Inclusion criteria included: Age > 65; scheduled to stay in the hospital for at least 3 days;
no plan to conduct surgery after hospitalization; consent to participate in the study; must have
undergone nutritional screening within 24h after hospitalization.

Exclusion criteria included: excluded for nutritional risk screening; having surgery during
hospitalization; patient with critical illness, acute disease or infection, needing treatment prior
to nutritional assessment at the time of admission; HLOS < 3d; dropped out during the study;
incomplete data (presented as follows).

2.2 Data collection

Patients newly admitted were asked whether they would like to participate in this investigation.
Personal information (age, sex, ethnicity, department, date of admission, primary diagnosis,
co-existing comorbidities) were collected. After their agreement, nutritional screening was
performed by the same researchers after standard training. Patients’ weight and height from
admission to discharge were measured also by the researchers with the same standard scale:
before meals in the morning, with shoes off and wearing a hospital gown. The height of the
patient was measured to the nearest 0.5 cm, and body weight to the nearest 0.5kg. The follow-
ing laboratory tests were carried out using standard methods within 72h after hospitalization:
hemoglobin (Hb), total lymphocyte count (TLC), and albumin (Alb). The patients’ nutritional
supports being delivered and clinical results were also collected from their medical records.
The data-collection should be performed until the time of patients’ discharge. Data were evalu-
ated independently by two individuals before entering the information into the electronic
database.

2.3 Nutritional screening methods

NRS 2002 and MNA-SF were used to evaluate patient nutritional status within 48h of hospital-
ization. NRS 2002 consists of three sections: impaired nutritional status, severity of disease and
age. It contains a total of 7 points. Impaired nutritional status is scored from 0~3 according to
changes of Body Mass Index (BMI), weight loss and food intake. Severity of disease is scored
0~3 according to different kinds of disease. If age >70 years: add 1 to the total score. Patients
with a score > 3 have nutritional risk and in need of nutritional support with weekly review.
Patients with a score < 3 do not have nutritional risk and need no intervention. However,
reviews should be conducted after one week. [10]

MNA-SF consists of six sections: appetite or eating problem, recent weight loss, mobility
impairment, acute illness/ stress, dementia or depression and BML. It contains a total of 14
total points; a score of 12-14 is within the normal range, 8-11 indicates risk of malnutrition,
and < 7 indicates malnutrition. [11] The standard measurement for malnutrition is a BMI
of < 18.5kg/m”. [12] In patients without a BMI reading, the standard for malnutrition can be
based on an Alb level < 30g/L.

2.4 Nutritional support analysis

This study documented various aspects of nutritional support which included the specific
method and type of medication, the starting and finishing time, and the daily nutrients and
energy provided. Parenteral nutrition supplies daily nutritional requirements from the periph-
eral vein or a central venous catheter, with non-protein calories > 10kcal/kg/d for more than 3
days. Enteral nutrition includes oral nutritional supplements (ONS) as well as tube feeding via
nasogastric, nasal-enteral, or percutaneous tube, with non-protein calories > 10kcal/kg/d for
more than 3 days.

PLOS ONE | https://doi.org/10.1371/journal.pone.0213076 March 8,2019 3/14


https://doi.org/10.1371/journal.pone.0213076

@ PLOS | ON E Screening and application of nutritional support in elderly hospitalized patients

2.5 Clinical results

The clinical results included infectious complications, non-infectious complications, nutri-
tional support-related complications, HLOS, and the total cost of hospitalization.

Infectious complications include localized or systemic conditions resulting from an adverse
reaction to the presence of an infectious agent(s) or its toxin(s); there must be no evidence that
the infection was present or incubating at the time of admission to the hospital (pneumonia,
urinary tract infection, intraperitoneal infection, catheter-related infection, other infection).
(13]

Non-infectious complications included new diseases and conditions after hospitalization
(anemia, myocardial infarction, organ failure, etc.), caused by primary disease and weakness,
excluding infection induction.

Nutritional support-related complications include gastrointestinal complications (nausea,
vomiting, diarrhea, bloating, constipation), metabolic complications (hyperglycemia, hyperlip-
idemia, dehydration, liquid retention, hypophosphatemia, nutrition-associated liver disease,
etc.), infectious complications (aspiration pneumonia, central venous catheter related infec-
tion, etc.), mechanical complications (gastric perforation, ulcer, intestinal obstruction and
nutrient tube blockage, central venous catheter related injuries and embolism, etc.) caused by
nutritional support.

2.6 Ethics

The present study followed the ethical guideline of the Declaration of Helsinki and was
approved by the Ethical Committee of Chinese host hospital (Beijing hospital, code center
number 01110005) (2012BJYYEC-002-A and 2014BJYYEC-022-02). All the participants were
volunteers and signed an informed consent before the audit. Hospitals and units were labeled
with a numeric code, and participants were recorded with the initials of their name to protect
patients’ privacy.

2.7 Statistical analysis

Statistical analyses were performed with SPSS 20.0 (SPSS Inc., Chicago, IL, USA). Quantitative
data were expressed as mean + standard deviation, and qualitative data were expressed as pro-
portions. Differences in Quantitative data were analyzed using analysis of variance. Differences
in qualitative data were measured by chi-square test or Fisher’s exact test. Multivariate statisti-
cal analysis of the factors affecting clinical outcomes were measured by Logistic multiple
regression analysis. P < 0.05 was considered statistically significant.

Results
3.1 Basic material analysis

There were 746 elderly patients included in this study with an average age of 77.29 + 6.97 and
BMI of 23.67 + 3.49 kg/m”. The sample included 491 male patients with an average age of
77.62 +7.12 and a BMI of 23.87 + 3.36 kg/m?, and 225 female patients with an average age of
76.66 + 6.66 and a BMI of 23.67 + 3.73 kg/m” (see Table 1).

3.2 Analysis of nutritional risk and rate of malnutrition

Of the 746 patients, there were 41 cases (5.5%) of malnutrition (BMI < 18.5kg/m2) and
nutritional risk was 39.61% (297/746) (using the NRS 2002 results). Using the MNA-SF to
evaluate the nutritional status of patients, the study found that the ratio for patients with nor-
mal nutritional status was 55.9% (417/746), the malnutrition rate was 33.38% (249/746), the
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Table 1. Baseline characteristics of the patients. N = 746.

Characteristics

Age 77.291£6.97
65~70 156(20.91%)
71~80 308(41.29%)
81~90 269(36.06%)
Over than 90 13(1.74%)

Sex
Male 491(65.82%)
Female 255(34.18%)

BMI (kg/m?) 23.87+3.49
<18.5 41(5.50%)
18.5<BMI<24.0 342(45.84%)
24.0<BMI<28.0 273(36.60%)
>28.0 90(12.06%)

Department
Neurology Department 123(16.49%)
Hematology Department 64(8.58%)
Pneumology Department 90(12.06%)
Gastroenterology Department 174(23.32%)
Endocrinology Department 174(23.32%)
Cardiology Department 229(30.70%)

https://doi.org/10.1371/journal.pone.0213076.t001

occurrence rate of malnutrition was 10.72%, and the overall nutritional risk was 44.1% (329/
746) (see Fig 1).

Patients’ nutritional characteristics according to the NRS 2002 and MNA-SF results are
shown in detail in Table 2. Using the NRS 2002 results, we analyzed the nutritional risk rate of
different departments and found statistically significant differences. Hospitalized patients in
the Gastroenterology Department had the highest nutritional risk rate, which was greater than
50%. The second highest rate was in the Hematology Department, which was 46.88%. The
Neurology, Endocrinology, and Cardiology Departments all had lower rates (see Fig 2).

Analysis of nutritional risk

NRS 2002 MNA-SF

= Normal nutritional status

With Nutritional risk

44.10%

Fig 1. Analysis of nutritional risk using NRS 2002 and MNA-SF.
https://doi.org/10.1371/journal.pone.0213076.g001
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Table 2. Analysis of nutritional risk and rate of malnutrition.

NRS 2002 MNA-SF
Nutritional status Normal nutritional status, | With Nutritional risk, Normal nutritional status, | At risk of malnutrition, Malnutrition,
n =449 n =297 n =417 n =249 n =80

Age* 76.31+£6.92 78.78+6.80 76.1616.71 78.31+6.80 80.06+7.67
Sex

Male 299 (60.90%) 192 (39.10%) 275(56.01%) 157(31.98%) 59(12.01%)

Female 150 (58.82%) 105 (41.18%) 142(55.69%) 92(36.08%) 21(8.23%)
BMI (kg/mz) * 25.22+2.83 21.83+3.40 25.36+2.82 22.83+3.11 19.36+2.61
Department

Neurology Department | 84 (68.29%) 39 (31.71%) 73(59.35%) 37(30.08%) 13(10.57%)

Hematology Department | 34 (53.12%) 30 (46.88%) 30(46.88%) 23(35.94%) 11(17.18%)

Pneumology Department | 84 (56.67%) 39 (43.33%) 48(53.33%) 31(34.44%) 11(17.18%)

Gastroenterology 84 (48.28%) 90 (51.72%) 93(53.45%) 58(33.33%) 23(13.22%)
Department

Endocrinology 44 (66.67%) 22 (33.33%) 38(57.58%) 58(33.33%) 9(13.63%)
Department

Cardiology Department | 152 (66.38%) 77 (33.62%) 135(58.95%) 81(35.37%) 13(5.68%)

*Statistically significant at P < 0.05.

https://doi.org/10.1371/journal.pone.0213076.t1002

However, using the MNA-SF results, we didn’t find statistically significant differences when
we analyzed the nutritional risk rate of different departments (see Fig 3).

3.3 Nutritional risk rate and the HLOS

According to results from the NRS 2002, the average HLOS in patients with nutritional
risk was 13.76 + 7.51 days, which was significantly longer than that without nutritional risk

Nutritional Status Using the NRS 2002

uN | Nutritional Stat
With Nutritional risk
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Fig 2. Nutritional status using the NRS 2002.
https://doi.org/10.1371/journal.pone.0213076.9002
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Nutritional Status Using the MNA-SF

® Normal Nutritional Status
At Risk of Malnutrition

Neurology 30.08%

= Malnutrition

Hematology 35.94%

Pneumology

Gastroenterology 33.33%

Endocrinology 33.33%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Cardiology

NIt

Fig 3. Nutritional status using the MNA-SF.
https:/doi.org/10.1371/journal.pone.0213076.g003

(11.51£6.36 days), (P < 0.05). According to the MNA-SF results, the average HLOS for

the normal nutrition group, the nutritional risk group, and the malnutrition group were

11.57 £ 6.50, 13.15 + 7.35, and 14.42 + 7.08 days, respectively (P < 0.05). Patients in the normal
nutrition group had the shortest HLOS (P < 0.05). According to MNA-SF results, the study
divided the patients into two groups, the MNA-SF > 12(normal nutrition group) and the
MNA-SF < 12 (nutritional risk group); the average HLOS for the two groups was 11.57 + 6.50
and 13.46 + 7.30 days, respectively (P < 0.05).

3.4 Analysis of nutritional support

Of the 746 cases, 123 patients (16.49%) received nutritional support which included 82 PN, 16
EN, and 25 combined application. The ratio between PN and EN was 5.13:1. At NRS 2002
screening, the nutritional support rate for patients with nutritional risk was 29.63% (88/297).
At MNA-SF evaluation, the rate was 28.57% (94/329). These details are shown in Fig 4. For
the 41 cases with malnutrition (BMI < 18.5kg/m?), only 16 (39.02%) cases received nutritional
support. Conversely, some patients with normal nutrition received additional nutritional sup-
port. At NRS 2002 screening, the nutritional support rate for patients without nutritional risk
was 7.8%(35/449). At MNA-SF evaluation, the rate was 6.96%(29/417). They all had no indica-
tions for nutritional support.

By analyzing nutritional support in the nutritional risk group by department, we deter-
mined that patients in the Gastroenterology Department received the highest rate of nutri-
tional support. Results are presented in detail in Table 3.

3.5 Effect of nutritional support on HLOS

Based on the NRS 2002 results, of the 297 cases with nutritional risk, 11 cases were excluded
due to a HLOS that was prolonged for non-clinical reasons. For the remaining 286 cases,
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10.00% 1

0.00%

Nutritional Support Rate

92.20%

70.37%
29.63%
7.80%

93.04%
= Without Nutritional Support
With Nutritional Support

71.43%
28.57%
6.96%

Without Nutritional Risk

With Nutritional Risk Without Nutritional Risk With Nutritional Risk

NRS 2002 MNA-SF

Fig 4. Nutritional support rate.

https://doi.org/10.1371/journal.pone.0213076.9004

patients with nutritional support stayed in the hospital for an average of 12.22 + 5.48 days,
which was shorter than the patients without nutritional support (14.35 + 6.19 days, t = -2.839,
P<0.05). MNA-SF screening in patients with nutritional risk (after excluding the 11 cases)
revealed that the HLOS of patients with nutritional support was (11.94 + 5.18 days, which was
shorter than patients without nutritional support (14.41 + 6.44 days, t = -3.529, P<0.05).

3.6 Effect of nutritional support on the incidence of complications

The relationship between nutritional support and the incidence of complications was shown
in Fig 5. At NRS 2002 screening, of the 297 patients with nutritional risk, complications

Table 3. Analysis of patients with nutritional risk.

NRS 2002 MNA-SF
Nutritional support With nutritional support, Without nutritional support, With nutritional support, Without nutritional support,
n =209 n =388 n=235 n=94

Age” 78.00+6.54 80.63+7.07 78.14+6.82 80.24+7.41
Sex

Male 126 (65.63%) 66 (34.38%) 143 (66.20%) 73 (33.80%)

Female 83 (79.05%) 22 (20.95%) 92 (81.42%) 21 (18.58%)
BMI (kg/mz) * 22.12+3.40 21.14£3.32 22.31+3.34 21.18+3.22
Department

Neurology Department 26 (66.67%) 13 (33.33%) 35 (70.00%) 15 (30.00%)

Hematology Department 24 (80.00%) 6 (20.00%) 25 (73.53%) 9 (26.47%)

Pneumology Department 30 (76.92%) 9 (23.08%) 32 (76.19%) 10 (23.81%)

Gastroenterology 48 (53.33%) 42 (46.67%) 39 (48.15%) 42 (51.85%)
Department

Endocrinology Department | 18 (81.82%) 4 (18.18%) 24 (85.71%) 4 (14.29%)

Cardiology Department 63 (81.82%) 14 (18.18%) 80 (85.11%) 14 (14.89%)

*Statistically significant at P <

0.05.

https://doi.org/10.1371/journal.pone.0213076.t003
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25.00%
20.00%
15.00%

10.00%

6.82%

l =

5.00%

0.00%

12.50%

Incidence of Complications in Patients with Nutritional Risk

¥ |nfectious Complications
Non-infectious Complications

21.53% 21.28%

® Overall Complications
20.43%

18.09%
9.57%
2.98%
2.13%
1.44%

18.18%

Nutritional support

Non-nutritional support Nutritional support Non-nutritional support

NRS 2002 MNA-SF

Fig 5. Incidence of complication in patients with nutritional risk.

https://doi.org/10.1371/journal.pone.0213076.g005

occurred in 56 cases (18.86%), the incidence of infectious complications was 14.81% (44/297),
the incidence of non-infectious complications was 1.68% (5/297), and the incidence of compli-
cations related to nutritional support was 5.05% (15/297). The details of the complications in
the two groups are shown in Table 4. The nutritional support group had a lower incidence of
infectious complications than the non-nutritional support group, (P < 0.05). Regarding the
incidence of non-infectious complications and overall complications, the difference between
the two groups was not statistically significant (P > 0.05).

At MNA-SF screening, of the 329 patients with nutritional risk, the overall incidence of
complications was 20.36% (67/329), in which the incidence of infectious complications was
17.33% (57/329) and the incidence of non-infectious complications was 2.74% (9/329). The
nutritional support group had a lower incidence of infectious complications than the non-
nutritional support group (P<0.05). Details regarding complications in the nutritional support
group and the non-nutritional support group (MNA-SF) are shown in Table 5.

Table 4. Incidence of complications in patients with nutritional risk (NRS 2002).

Infectious complications Non-infectious complications Overall complications

Nutritional support group, n = 88

6 (6.82%) * 2 (2.27%) 11 (12.50%)

Non-nutritional support group, n = 209

38 (18.18%) 3 (1.44%) 45 (21.53%)

*Statistically significant at P < 0.05.

https://doi.org/10.1371/journal.pone.0213076.t004

Table 5. Incidence of complications in patients with nutritional risk (MNA-SF).

Infectious complications Non-infectious complications Overall complications

Nutritional support group, n = 94

9 (9.57%) * 2 (2.13%) 17 (18.09%)

Non-nutritional support group, n = 235

48 (20.43%) 7 (2.98%) 50 (21.28%)

*Statistically significant at P < 0.05.

https:/doi.org/10.1371/journal.pone.0213076.t005
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Table 6. Multivariate regression analysis of the factors affecting infectious complications.

Age

Sex(male vs. female)

BMI

HLOS

Rating for illness degress
Nutritional status rating

Nutritional support(with vs. without)
*Statistically significant at P < 0.05.

https://doi.org/10.1371/journal.pone.0213076.t006

RR SE Wald value P value OR 95%CI
0.01 0.03 0.08 0.78 1.01 0.94~1.05
-0.14 0.36 0.14 0.71 0.87 0.57~2.30
0.07 0.06 1.24 0.27 1.07 0.83~1.05
0.05 0.02 6.45 0.01* 1.05 1.01~1.09
0.59 0.21 7.74 0.01* 2.08 1.07~4.85
0.74 0.43 3.90 0.04* 1.15 1.04~1.71
-1.17 0.48 5.95 0.02* 0.31 0.12~0.80

Next, we ran a multivariate regression analysis on the factors that affect infectious compli-
cations (age, sex, BMI, nutritional support status, rating of illness degree, nutritional status rat-
ing, and HLOS). The results showed that the rating for illness, nutritional status rating, and
HLOS were significantly related to the incidence of complications (P < 0.05, Table 6).

Discussion

Our results suggest that undernourishment and nutritional risk in elderly at hospital admis-
sion is a common occurrence. Patients with nutritional risk are more likely to have a longer
hospital stay. Nutritional support decreases the length of hospital stay and reduces the number
of patients with infectious complications.

There have been a large number of studies analyzing nutritional risk in elderly hospitalized
patients. A recent review summarized multiple large-sample studies and showed that 22%-
28% of elderly patients had nutritional risk, and 23%-60% of elderly patients were malnour-
ished [4, 14, 15]. During the time frame of 2012.3 to 2015.3, using the methods of MNA-SF
and NRS-2002, CSPEN conducted nutritional screening and evaluation of elderly hospitalized
patients at 30 Class IIT Grade I hospitals in major Chinese cities. The two methods showed that
more than 40% of patients had nutritional risk, and the MNA-SF showed that 49.7% of the
patients had nutritional risk and 14.67% were malnourished [16]. This result was similar to the
CSPEN study.

The two methods showed that patients with nutritional risk were older than patients with-
out nutritional risk. This result also illustrates the necessity to consider age as an indepen-
dent risk factor when using the NRS 2002 [17]. Many studies have reported that nutritional
risk rates in departments of gastroenterology are higher than in other departments [18].

The NRS 2002 screening in this study showed similar results. Patients in the departments

of gastroenterology, hematology, and pneumology had the highest nutritional risk rates.
Patients in neurology, endocrinology and cardiology department had lower rates in compari-
son. The main diseases for patients in the department of gastroenterology included cancer,
hemorrhage of the digestive tract, acute inflammation of the biliary system, gastrointestinal
tract polyps, and other gastrointestinal tract diseases. Because the nature of the diseases
affected appetite and the ability to digest and absorb nutrients, weight-loss, reduced feeding,
and severe wasting was more common. The nutritional damage rating in this department
was higher than in other departments. Further, the department of gastroenterology had a
higher incidence of acute disease, which would logically increase the acuteness level rating.
Patients in the department of pneumology were commonly admitted due to acute lung infec-
tions. Elderly people were at a high risk for acute pneumonia, severe hypoxemia, and stress
states driving negative oxygen balance, which significantly affected nutritional status.
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Hematological malignancy was common in patients of the department of hematology, and
the acuteness of this disease increased the rating in the NRS 2002.

Nutritional support was an important component of clinical nutritional treatment. After
the 1990s, there were clear developments in the study of clinical nutritional support, and the
inappropriate use of clinical nutritional support was taken seriously. Many studies into the
application of nutritional support showed differences in the inappropriate use of nutritional
support between different departments and hospitals [19]. In this study, the overall nutri-
tional support rate for the 746 patients was 16.49%, and the nutritional support rate for
patients with nutritional risk by NRS 2002 and MNA-SF was 29.63% and 28.57%, respec-
tively. Compared to the 40% nutritional risk rate, the application of nutritional support was
clearly insufficient. In the two methods, the nutritional support rate for patients without
nutritional risk was 7.8%(35/449) and 6.96%(29/417). The data showed that patients with
normal nutritional status were still receiving nutritional support. Through analysis of nutri-
tional support, this study revealed that overall, PN was the main method. Only a few patients
received EN as the main method of nutritional support. In addition, for patients in need,
doctors did not utilize sufficient nutritional support. Due to research, there could be certain
reasons: firstly, clinical doctors had an insufficient understanding of nutritional support;
secondly, patients were unaware of the importance of nutritional support and rejected the
doctors’ advices; additionally, the cost of nutritional support drugs and the health care reim-
bursement policy limited the prevalence of nutritional support. More questionnaires and
clinical studies are needed to prove this hypothesis in the future. From the results of our
research, for patients at risk of nutrition, timely nutrition screening and assessment and
appropriate nutrition interventions were important and need to be applied in a better way.
For the patients with normal nutritional status, hospitals should raise the standard for nutri-
tional support to prevent over-application of nutritional support. Although PN was the main
choice for nutritional support in this study, many studies have shown that for patients with-
out contraindication to EN who were in need of nutritional support in terms of clinical
results or cost-benefit analysis, EN was preferable to PN [20-22]. Therefore, doctors should
deepen their knowledge of clinical nutritional support to facilitate the choice of more reason-
able support solutions for patients.

This study showed that in patients with nutritional risk, nutritional support decreased the
HLOS (P<0.05). After excluding 11 cases whose HLOS prolonged for non-clinical reasons,
for the cases with nutritional risk, patients with nutritional support stayed in the hospital
shorter than the patients without nutritional support. The result was proved in NRS 2002 with
MNA-SE. On the other hand, for patients with normal nutritional status, we had no further
research whether inappropriate nutritional support can affect HLOS. We need to pay attention
to this aspect in our future research.

This study found that the incidence of infectious complications in patients with nutritional
support was lower than that of patients without nutritional support. To further analyze the
effects of nutritional support on the incidence of infectious complications, we ran a multiple
regression analysis. After controlling for age, gender, BMI, acuteness of disease, nutritional sta-
tus rating, and HLOS, results showed that nutritional support reduced the incidence of infec-
tious complications. This result was similar to reports from other large-sample studies [18, 23,
24]. In addition, this study revealed that in the NRS 2002, disease rates related to nutritional
support in patients with nutritional risk was 5.05%, and in the MNA-SF the rate was 6.08%.
Among patients with nutritional risk, the application of nutritional support did not increase
the occurrence of complications.

There are some limitations to be considered in our study. First, it is a single center study.
The conditions vary among regions and hospitals. The results of our study might not be
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representative for all hospitalized patients. In order to be able to extract reliable conclusions, a
multi-center study is needed in order to limit the differences on the prevalence of nutritional
risk and malnutrition, which has been found to be influenced by different countries and
hospitals. Secondly, nutritional support rate is far from sufficient for the patients in our study.
Most patients do not receive adequate nutritional support. The occurrence of complications
is influenced by the rate of nutritional support which affects the generalizability of our results.
Thirdly, laboratory tests were carried out during the first 72 hours of admission. However, a
large proportion of patients did not arrange for the retaken of the laboratory tests. We could
not to confirm whether nutritional support had an impact on them. We are still continuing
this clinical study. In the future research, this problem will be further solved.

Conclusion

By conducting nutritional risk screening and research on the application of nutritional support
for elderly patients, this study determined the aspects that require improvement in clinical
treatment regarding nutritional support. Through analysis of the relationships between nutri-
tional risk, nutritional support, and clinical results, the study found that nutritional support
can reduce HLOS and decrease the incidence of infectious complications in elderly patients
with nutritional risk and malnutrition, which provides evidence for the application of nutri-
tional support in clinical treatment.

Supporting information

S1 Table. Analysis of nutritional support.
(DOCX)

S2 Table. STROBE_checKklist.
(DOCX)

Acknowledgments

We would like to thank the participants, without whom this study would not have been possi-
ble. We also thank our colleges in Yeelo Research of Qilu Hospital of Shandong University for
providing helpful support and advice on the research.

Author Contributions

Conceptualization: Ying-Min Lin.

Data curation: Ying-Min Lin, Nuan-Xin Sun, Yan-Yan Liu, Teng-Fei Yin, Chen Chen.
Formal analysis: Ying-Min Lin.

Funding acquisition: Min Wang.

Investigation: Ying-Min Lin, Nuan-Xin Sun, Yan-Yan Liu, Teng-Fei Yin, Chen Chen.
Methodology: Ying-Min Lin.

Project administration: Ying-Min Lin.

Writing - original draft: Ying-Min Lin.

Writing - review & editing: Min Wang.

PLOS ONE | https://doi.org/10.1371/journal.pone.0213076 March 8,2019 12/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213076.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213076.s002
https://doi.org/10.1371/journal.pone.0213076

® PLOS |ONE

Screening and application of nutritional support in elderly hospitalized patients

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

Yu K, Zhou X-R, He S-L. A multicentre study to implement nutritional risk screening and evaluate clinical
outcome and quality of life in patients with cancer. European Journal of Clinical Nutrition. 2013; 67:
732-737. https://doi.org/10.1038/ejcn.2013.81 PMID: 23594841

Munk T, Beck AM, Holst M, Rosenbom E, Rasmussen HH, Nielsen MA, et al. Positive effect of protein-
supplemented hospital food on protein intake in patients at nutritional risk: a randomised controlled trial.
J Hum Nutr Diet. 2014; 27: 122—132. https://doi.org/10.1111/jhn.12210 PMID: 24479388

Vivanti A, Isenring E, Baumann S, Powrie D, O’'Neill M, Clark D, et al. Emergency department malnutri-
tion screening and support model improves outcomes in a pilot randomised controlled trial. Emergency
Medicine Journal. 2015; 32: 180-183. https://doi.org/10.1136/emermed-2013-202965 PMID: 24192128

Agarwal E, Miller M, Yaxley A, Isenring E. Malnutrition in the elderly: A narrative review. Maturitas.
2013; 76: 296-302. https://doi.org/10.1016/j.maturitas.2013.07.013 PMID: 23958435

Sugiura Y, Tanimoto Y, Imbe A, Inaba Y, Sakai S, Shishikura K, et al. Association between Functional
Capacity Decline and Nutritional Status Based on the Nutrition Screening Initiative Checklist: A 2-Year
Cohort Study of Japanese Community-Dwelling Elderly. Alway SE, editor. PLoS ONE. 2016; 11:
e€0166037. https://doi.org/10.1371/journal.pone.0166037 PMID: 27824916

Cereda E, Pedrolli C, Zagami A, Vanotti A, Piffer S, Faliva M, et al. Nutritional risk, functional status and
mortality in newly institutionalised elderly. Br J Nutr. 2013; 110: 1903—-1909. https://doi.org/10.1017/
S0007114513001062 PMID: 23578415

Dent E, Chapman IM, Piantadosi C, Visvanathan R. Performance of nutritional screening tools in pre-
dicting poor six-month outcome in hospitalised older patients. Asia Pac J Clin Nutr. 2014; 23: 394-399.
https://doi.org/10.6133/apjcn.2014.23.3.18 PMID: 25164449

Malone A. Clinical guidelines from the American Society for Parenteral and Enteral Nutrition: best prac-
tice recommendations for patient care. J Infus Nurs. 2014; 37: 179-184. https://doi.org/10.1097/NAN.
0000000000000035 PMID: 24694511

Casaer MP, Van den Berghe G. Nutrition in the Acute Phase of Critical llilness. N Engl J Med. 2014;
370: 1227—-1236. https://doi.org/10.1056/NEJMra1304623 PMID: 24670169

Kondrup J. Nutritional risk screening (NRS 2002): a new method based on an analysis of controlled clin-
ical trials. Clinical Nutrition. 2003; 22: 321-336. https://doi.org/10.1016/S0261-5614(02)00214-5 PMID:
12765673

Rubenstein LZ, Harker JO, Salva A, Guigoz Y, Vellas B. Screening for Undernutrition in Geriatric Prac-
tice: Developing the Short-Form Mini-Nutritional Assessment (MNA-SF). The Journals of Gerontology
Series A: Biological Sciences and Medical Sciences. 2001; 56: M366—-M372. https://doi.org/10.1093/
gerona/56.6.M366

Cederholm T, Bosaeus |, Barazzoni R, Bauer J, Van Gossum A, Klek S, et al. Diagnostic criteria for mal-
nutrition—An ESPEN Consensus Statement. Clinical Nutrition. 2015; 34: 335-340. https://doi.org/10.
1016/j.cInu.2015.03.001 PMID: 25799486

Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, et al. Definitions for Sepsis and Organ
Failure and Guidelines for the Use of Innovative Therapies in Sepsis. Chest. 1992; 101: 1644—1655.
https://doi.org/10.1378/chest.101.6.1644 PMID: 1303622

Ghimire S, Baral BK, Callahan K. Nutritional assessment of community-dwelling older adults in rural
Nepal. Toft M, editor. PLoS ONE. 2017; 12: e0172052. https://doi.org/10.1371/journal.pone.0172052
PMID: 28196115

SunH, Zhang L, Zhang P, Yu J, Kang W, Guo S, et al. A comprehensive nutritional survey of hospital-
ized patients: Results from nutritionDay 2016 in China. Kou YR, editor. PLoS ONE. 2018; 13:
€0194312. https://doi.org/10.1371/journal.pone.0194312 PMID: 29566016

Wei J M, Clinical nutrition for geriatrics. Beijng: People’s Medical Publishing House, 2012:237(in
Chinese)

Elia M, Stratton RJ. An analytic appraisal of nutrition screening tools supported by original data with par-
ticular reference to age. Nutrition. 2012; 28: 477—-494. https://doi.org/10.1016/j.nut.2011.11.009 PMID:
22386636

Zhang H, Wang Y, Jiang Z-M, Kondrup J, Fang H, Andrews M, et al. Impact of nutrition support on clini-
cal outcome and cost-effectiveness analysis in patients at nutritional risk: A prospective cohort study
with propensity score matching. Nutrition. 2017; 37: 53-59. https://doi.org/10.1016/j.nut.2016.12.004
PMID: 28359363

Wang N, Dong Y, Huo T, Shao Y, Xing W, Li S. Nutritional risk, malnutrition and nutritional support
among hospitalized patients in orthopedics/spinal surgery of a Hohhot teaching hospital. Asia Pac J
Clin Nutr. 2016; 25: 273-282. https://doi.org/10.6133/apjcn.2016.25.2.26 PMID: 27222410

PLOS ONE | https://doi.org/10.1371/journal.pone.0213076 March 8,2019 13/14


https://doi.org/10.1038/ejcn.2013.81
http://www.ncbi.nlm.nih.gov/pubmed/23594841
https://doi.org/10.1111/jhn.12210
http://www.ncbi.nlm.nih.gov/pubmed/24479388
https://doi.org/10.1136/emermed-2013-202965
http://www.ncbi.nlm.nih.gov/pubmed/24192128
https://doi.org/10.1016/j.maturitas.2013.07.013
http://www.ncbi.nlm.nih.gov/pubmed/23958435
https://doi.org/10.1371/journal.pone.0166037
http://www.ncbi.nlm.nih.gov/pubmed/27824916
https://doi.org/10.1017/S0007114513001062
https://doi.org/10.1017/S0007114513001062
http://www.ncbi.nlm.nih.gov/pubmed/23578415
https://doi.org/10.6133/apjcn.2014.23.3.18
http://www.ncbi.nlm.nih.gov/pubmed/25164449
https://doi.org/10.1097/NAN.0000000000000035
https://doi.org/10.1097/NAN.0000000000000035
http://www.ncbi.nlm.nih.gov/pubmed/24694511
https://doi.org/10.1056/NEJMra1304623
http://www.ncbi.nlm.nih.gov/pubmed/24670169
https://doi.org/10.1016/S0261-5614(02)00214-5
http://www.ncbi.nlm.nih.gov/pubmed/12765673
https://doi.org/10.1093/gerona/56.6.M366
https://doi.org/10.1093/gerona/56.6.M366
https://doi.org/10.1016/j.clnu.2015.03.001
https://doi.org/10.1016/j.clnu.2015.03.001
http://www.ncbi.nlm.nih.gov/pubmed/25799486
https://doi.org/10.1378/chest.101.6.1644
http://www.ncbi.nlm.nih.gov/pubmed/1303622
https://doi.org/10.1371/journal.pone.0172052
http://www.ncbi.nlm.nih.gov/pubmed/28196115
https://doi.org/10.1371/journal.pone.0194312
http://www.ncbi.nlm.nih.gov/pubmed/29566016
https://doi.org/10.1016/j.nut.2011.11.009
http://www.ncbi.nlm.nih.gov/pubmed/22386636
https://doi.org/10.1016/j.nut.2016.12.004
http://www.ncbi.nlm.nih.gov/pubmed/28359363
https://doi.org/10.6133/apjcn.2016.25.2.26
http://www.ncbi.nlm.nih.gov/pubmed/27222410
https://doi.org/10.1371/journal.pone.0213076

® PLOS |ONE

Screening and application of nutritional support in elderly hospitalized patients

20.

21,

22,

23.

24,

Olivares J, Ayala L, Salas-Salvadé J, Muiiz MJ, Gamundi A, Martinez-Indart L, et al. Assessment of
risk factors and test performance on malnutrition prevalence at admission using four different screening
tools. Nutr Hosp. 2014; 29: 674—680. https://doi.org/10.3305/nh.2014.29.3.7120 PMID: 24559014

Poulia K-A, Yannakoulia M, Karageorgou D, Gamaletsou M, Panagiotakos DB, Sipsas NV, et al. Evalu-
ation of the efficacy of six nutritional screening tools to predict malnutrition in the elderly. Clin Nutr.
2012; 31: 378-385. https://doi.org/10.1016/j.clnu.2011.11.017 PMID: 22182948

Kyle UG, Kossovsky MP, Karsegard VL, Pichard C. Comparison of tools for nutritional assessment and
screening at hospital admission: a population study. Clinical Nutrition. 2006; 25: 409—417. https://doi.
org/10.1016/j.cInu.2005.11.001 PMID: 16356595

Imoberdorf R, Meier R, Krebs P, Hangartner PJ, Hess B, StAubli M, et al. Prevalence of undernutrition
on admission to Swiss hospitals. Clinical Nutrition. 2010; 29: 38—41. https://doi.org/10.1016/j.clnu.2009.
06.005 PMID: 19573958

Agarwal E, Ferguson M, Banks M, Bauer J, Capra S, Isenring E. Nutritional status and dietary intake of
acute care patients: results from the Nutrition Care Day Survey 2010. Clin Nutr. 2012; 31: 41-47.
https://doi.org/10.1016/j.clnu.2011.08.002 PMID: 21862187

PLOS ONE | https://doi.org/10.1371/journal.pone.0213076 March 8,2019 14/14


https://doi.org/10.3305/nh.2014.29.3.7120
http://www.ncbi.nlm.nih.gov/pubmed/24559014
https://doi.org/10.1016/j.clnu.2011.11.017
http://www.ncbi.nlm.nih.gov/pubmed/22182948
https://doi.org/10.1016/j.clnu.2005.11.001
https://doi.org/10.1016/j.clnu.2005.11.001
http://www.ncbi.nlm.nih.gov/pubmed/16356595
https://doi.org/10.1016/j.clnu.2009.06.005
https://doi.org/10.1016/j.clnu.2009.06.005
http://www.ncbi.nlm.nih.gov/pubmed/19573958
https://doi.org/10.1016/j.clnu.2011.08.002
http://www.ncbi.nlm.nih.gov/pubmed/21862187
https://doi.org/10.1371/journal.pone.0213076

