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Abstract. - OBJECTIVE: Malnutrition is
related to increased morbidity, mortality, and
costs. NRS-2002 is a practical malnutrition
risk (MR) screening tool approved by the Eu-
ropean Society for Clinical Nutrition and Me-
tabolism (ESPEN) for inpatients. We aimed to
reveal the inpatient MR using NRS-2002, and
to examine the relationship between MR and
in-hospital mortality.

PATIENTS AND METHODS: The results of in-
patient nutritional screening in a tertiary referral
center university hospital were retrospectively
analyzed. The NRS-2002 test was used for defin-
ing MR. Comorbidities, initial and follow-up an-
thropometric data, NRS-2002 score, food intake,
weight status, and laboratory analysis were ex-
amined. In-hospital mortality was noted.

RESULTS: Data from 5,999 patients were eval-
uated. On admission, 49.8% of the patients had
MR, and 17.3% had severe MR (sMR). MR-sMR
was higher in geriatric patients (62.0-28.5%).
Those with dementia had the highest MR (71%),
followed by stroke (66%) and malignancy (62%).
Age and serum C-reactive protein (CRP) were
higher, and body weight, BMI, serum albumin,
and creatinine were lower in patients with MR.
Multivariate analysis showed that age, albumin,
CRP, congestive heart failure (CHF), malignan-
cy, dementia, and stroke were independently
associated with MR. The overall mortality rate
during hospitalization was 7.9%. MR was asso-
ciated with mortality regardless of serum CRP,
albumin, body mass index (BMI), and age. Half
of the patients received nutritional treatment
(NT). NT resulted in preserved or increased
body weight and albumin levels among patients
and the geriatric group with MR.

CONCLUSIONS: AMR revealed that NRS-
2002 is positive in approximately half of the
hospitalized patients, which is associated with

in-hospital mortality independent of the under-
lying diseases. NT is related to weight gain and
increased serum albumin.
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Introduction

According to the European Society for Clinical
Nutrition and Metabolism (ESPEN), malnutrition
is defined as a state of undernutrition that leads
to altered body composition, diminished physical
and mental function, and impaired clinical outco-
me from disease!. Previous reports®*? showed that
20-45% of the patients had malnutrition upon ho-
spitalization. This frequency rises to 32.9-56.2%
for the elderly®®. Moreover, one-third of the in-
patients developed malnutrition during their ho-
spitalization period>’. Malnutrition was associa-
ted with nosocomial infections, increased length
of stay during hospitalization, higher morbidity,
mortality, and costs'*'?. Thus, it is important to
diagnose and treat malnutrition'*!,

The nutritional status of the patients must be
evaluated within the first 24-72 hours of admis-
sion. This should be followed by appropriate nu-
tritional treatment in case of malnutrition or mal-
nutrition risk (MR). It is an appropriate approach
to re-evaluate the nutritional status weekly for
those who do not have malnutrition or MR'-'®.
Nutritional status can be evaluated with daily
oral intake, weight status, subcutaneous edema,
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anthropometric measurements such as body mass
index (BMI, kg/m?), muscle mass and body fat,
and muscle strength'”. Easy-to-apply nutritional
screening tools were developed with the aim of
identifying high-risk patients for malnutrition'®.
Inflammation and malnutrition are entwined in
most clinical states, as in cancer or hemodialysis
patients. Thus, scores like PINI (prognostic in-
flammatory and nutritional index) assessing both
conditions have also been developed'. Nutritio-
nal risk score 2002 (NRS-2002) is a malnutrition
screening tool that relies on patient age, weight
loss, BMI, food intake, and disease severity. It
was approved by ESPEN for the inpatient popu-
lation?*2!, MR defined by NRS-2002 was associa-
ted with short and long-term mortality®**.

In this study, our aim was to reveal the fre-
quency of patients with MR, using NRS-2002 in
a large inpatient group including the elderly. We
also aimed to identify factors associated with MR
and examine the relationship between MR and
in-hospital mortality in this group.

Patients and Methods

Study and the Population

In this retrospective descriptive study, the re-
sults of inpatient nutritional screening performed
in a tertiary referral center university hospital over
a six-year period were evaluated. The nutritional
status of hospitalized adult patients (from both
medical and the surgical wards, n=5,999), their
treatments, and follow-up were evaluated using
hospital records, including consultations with the
Clinical Nutrition Team (CNT). This study was
approved by the local Ethics Committee (Istanbul
University Ethics Committee, acceptance: 17-132)
and followed the Helsinki Declaration guidelines.

Evaluation of the Nutritional Status

All patients were evaluated within the first 48
hours of their hospitalization by the same two
nurses working in the CNT. Nurses were super-
vised by the same physicians from the CNT who
were experienced in the field of clinical nutrition.
Medical history, treatments, physical examina-
tion, anthropometric data, NRS-2002 scores, fo-
od intake and weight loss status, gastrointestinal
functions, and laboratory analysis were exami-
ned. In-hospital mortality was noted.

The NRS-2002 test was used for the screening
of malnutrition risk24. The test consisted of two
parts. In the first part, the nutritional status of

the patient was evaluated (score 0-3), and in the
second part, current diseases and severity were
asked (score 0-3). A total score was determined
from both parts (min-max: 0-7). Then, 1 point
was added to the total score for those aged 70
or over. MR was defined as a total score >3, and
severe MR (sMR) as a total score >5.

Nutrition Treatment and Follow-Up

Basal energy expenditure (BEE) was calculated
using the Harris-Benedict formula®. Daily energy
expenditure (DEE) was calculated by the sum of
BEE, activity factor, stress factor, and thermoge-
nic factor. Daily protein needs were assumed ac-
cording to clinical conditions ranging from 1-2 g/
kg. Serum albumin, CRP, creatinine, electrolytes,
and complete blood counts of the patients during
admission and follow-up were noted.

Nutrition treatment (NT) included personalized
diet, enteral and/or parenteral nutrition, planned
according to daily energy and protein needs. Fol-
low-up nutritional status, anthropometric data, la-
boratory analysis, and clinical condition were noted.

Statistical Analysis

The SPSS v. 29 (IBM Corp., Armonk, NY, USA)
program was used for statistical analysis. As de-
scriptive statistics, the mean and standard deviation
for parametric data, median and 25-75" percentiles
for non-parametric data, and ratio and frequency
values for categorical data were used. Categori-
cal variables were compared with the Chi-square
test, and parametric and non-parametric data were
compared with Mann-Whitney U, Student’s #-test
or Wilcoxon tests, accordingly. Any variable that
was associated with MR and/or in-hospital mor-
tality was evaluated in multiple logistic regression
analysis. For statistical significance, the p-value
was accepted as significant when <0.05.

Results

Patient Characteristics

The study group consisted of 5,999 patients.
47.3% were female, and 38.6% were in the geria-
tric age group (=65 years old). Demographic cha-
racteristics, DEE, serum albumin and C-reactive
protein (CRP) of the whole group and those in
the geriatric age are summarized in Table 1. 64%
of the patients were from medical wards, 18%
were from emergency ward and 18% were from
surgery wards. The comorbidities of the patients
are shown in Figure 1. Malignancy (38%) was the
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Table I. Demographic characteristics and laboratory analysis.

Parameter \Xhole group median (IQR)
Sex (female) (%) 47.3%

Age (years) 60 (25)

Height (cm) 165 (12)

Weight (kg) 69.1 (21)

BMI (kg/m?) 249 (71.3)

DEE (kcal/day) 1,950 (511)

Albumin (g/dL) 3.4(1)

CRP (mg/L) 27 (78.3)

Age<65 (61.4%) Age=65 (38.6%) P
46.3% 48.8% 0.07
50 (23) 74 (10) -

166 (13) 165 (13) <0.001
69.3(22) 69(19) 0.78
24.6 (74) 25.4(7) <0.001
2,070 (540) 1,750 (410) <0.001
351D 33 () <0.001
24.6 (80.6) 31 (74.1) 0.005

IQR: Interquartile range, BMI: Body mass index, DEE: Daily energy expenditure, CRP: C reactive protein.

most frequent comorbidity, followed by diabetes
(25%) and chronic kidney disease (CKD) (12%)).

Nutritional Status of the Patients

Recent weight loss was reported in 55.3% of
the patients, which was more prevalent in men
(58.6 vs. 51.7%; p<0.001). The initial evaluation
showed that 49.8% of the patients had MR and
17.3% had severe MR (sMR; NRS-2002 score
>5) (Table II). MR was higher in men (51.5 vs.
47.9%; p=0.005), whereas sMR rates were simi-
lar in both gender (M-F: 18 vs. 16.5%; p=0.132).
In the geriatric group, the frequency of patients
with MRI or SMR was higher (62.0% and 28.5%,
Table II). The MR and sMR rates in patients

with different comorbidities were summarized in
Figure 2. Patients with dementia had the highest
MR, and sMR (71% and 57%). This group was
followed by patients with stroke, and then by pa-
tients with malignancy, in terms of MR, and sMR
(Figure 2). Malnutrition risk (and sMR) among
patients hospitalized in the medical, emergency
and surgery wards were 50.8% (15.2%), 44%
(19%), and 51.8% (23.5%), respectively.

Factors Related to MIR

In patients with MR, compared to those with
normal nutritional status age, DEE and serum
CRP were significantly higher, body weight, BMI,
serum albumin, and creatinine were significantly
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Figure 1. Frequency of certain comorbidities in the patient group.
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Table Il. MR and sMR among all patients and geriatric age group.

All patients % Age<65 =65 65-69 =70 pP° P°
MR

NRS-2002 >3 49.8 42% 62% 53% 65.6% <0.001 <0.001
sMR

NRS-2002 >5 17.3 10% 28.5% 18.1% 32.5% <0.001 <0.001

pP<65 vs. 65-69, p*<65 vs. >65. MR: Malnutrition risk, SMR: severe MR.

lower (p<0.001) (Table III). In the geriatric sub-
group, NRS-2002 scores were negatively associa-
ted with body weight, BMI, and serum albumin
(p<0.001). Serum CRP was also significantly
higher in geriatric patients with MR or sMR
(p<0.001). Malignancy and dementia were stron-
gly associated with MR.

Logistic regression analysis showed that lower
BMI, lower serum albumin, and higher CRP were
independently associated with MR in patients wi-
th normal renal functions (Table IV). In patients
younger than 70 years, age (p=0.005) and lower
serum creatinine (p=0.009) were independently
associated with MR in addition to BMI, serum
albumin, and CRP. Demographic characteristics,
comorbidities, and the laboratory analysis of the
whole group were evaluated together in multiva-
riate regression analysis. Lower serum albumin,

higher CRP, concomitant congestive heart failure
(CHF), malignancy, dementia, and stroke were
independently associated with MR (Table IV).
Additionally, in the subgroup of patients with age
<70 years, increasing age or being in the geriatric
group (65-69) were also associated with MR, inde-
pendent of the laboratory parameters or concomi-
tant diseases (p=0.013 and p=0.002 respectively).

In-Hospital Mortality Data

The overall mortality rate during hospitaliza-
tion was 7.9%. In-hospital mortality was 7% in
the medical wards, 5.4% in emergency ward, and
10% in surgery wards. The highest mortality was
seen in patients with malignancy (14%) and in pa-
tients receiving renal replacement therapy (RRT,
13%). These were followed by CHF (10%), CKD
(9%), dementia (8%), and stroke (7.6%).

MR %
80

MR: Malnutrition risk, SMR: Severe MR DM: Diabetes Mellitus, CRF: Chronic renal failure, RRT: Renal replacement therapy, CHF: Chronic heart failure
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Figure 2. Frequency of Malnutrition Risk (MR) and Severe Malnutrition Risk (SMR) among disease groups.
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Table Ill. Univariate analysis of demographic and laboratory parameters related to MR and sMR.

All patients P

Median (IQR) NRS-2002 <3 NRS-2002 =3 NRS-2002=5 <3vs.23 <3vs.25 3-4vs. =5
Age (years) 57 (25) 64 (24) 70 (22) <0.001 <0.001 <0.001
Weight  (kg) 72 (21.2) 66 (20) 65 (20.4) <0.001 <0.001 0.09
BMI (kg/m?) 259 (74) 23.8(6.9) 23.5(6.7) <0.001 <0.001 0.04
CRP (mg/L) 14.5 (55) 42.6 (89) 61 (106) <0.001 <0.001 <0.001
Albumin (g/dL) 3.6 (1.1) 3.2(0.9) 3.1 (0.8) <0.001 <0.001 <0.001
Cre.® (mg/dL) 0.8 (0.4) 0.7 (0.5) 0.7 (0.5) 0.01 0.02 0.4
Cre.? (mg/dL) 2(2) 2.2 (.7 2.3 (1.6) 0.1 0.08 0.5
Cre. (mg/dL) 3.1 (2.5 3.1 (2.5 2.8 (1.3) 1 1 1

MR: Malnutrition risk, sSMR: severe MR, Cre: Creatinine, BMI: Body mass index, CRP: C reactive protein. (*) Normal renal
function, (%) Chronic Renal Failure w/o Renal Replacement Therapy, (*) Renal Replacement Therapy.

Table IV. Multivariate regression analysis of demographic and laboratory parameters, and comorbidities, for MR.

Demographic and laboratory parameters® All parameters®
P Cl P OR d]

BMI (kg/m?) (-) <0.001 1.06 1.04-1.07 <0.001 1.06 1.05-1.07
Male sex 0.85 -
CRP (mg/L) 0.016 1.002 1.001-1.003 <0.001 1.002 1.001-1.003
Albumin (g/dL) (-) <0.001 1.54 1.35-1.75 <0.001 1.66 1.51-1.84
Creatinine (mg/dL) (-) 0.09 -

Commodity
Malignancy <0.001 2.42 2.17-2.70 <0.001 2.18 1.81-2.56
CRF 0.016 1.24 1.04-1.48 0.47
CHF <0.001 1.61 1.29-2.02 <0.001 1.92 1.47-2.52
Dementia <0.001 2.47 1.66-3.67 0.006 1.91 1.20-2.51
Stroke <0.001 1.95 1.40-2.71 0.007 1.72 1.16-2.57
DM 0.672 -
RRT 0.961 -

MR: Malnutrition risk, BMI: Body mass index, CRP: C reactive protein; CRF: Chronic renal failure, DM: Diabetes Mellitus,
CHEF: Chronic heart failure; RRT: Renal replacement therapy, OR: Odds ratio, CI: Confidence interval. ®: calculated for patients
with normal renal function, ©: calculated for all patients, (-): decreasing values.

The univariate and multivariate analyzes of
in-hospital mortality-related factors are summari-
zed in Table V. Presence of MR on admission was
associated with mortality during hospitalization.
This association was independent of serum CRP,
serum albumin, BMI and age. Similarly, sMR
was an independent risk factor for in-hospital
mortality (OR: 3.11, p<0.001). In the geriatric
population, <70 and >70 years old groups were
further evaluated separately. The presence of MR
or sMR was associated with in-hospital mortality
for both groups (MR-sMR: p=0.02, p=0.03 in the
age 65-69 group, p=0.002, p<0.001 in the age
>70 group). In multivariate regression analysis,
MR (OR: 2.18, p=0.004), lower albumin (OR:
2.0, p<0.001), higher CRP (p<0.001), lower BMI
(p=0.008), malignancy (OR: 3.4, p<0.001), and
CHF (OR: 3.0, p<0.001), were independently as-
sociated with in-hospital mortality.

Nutrition Treatment (NT)

NT was given to 54% of the patients (n=3,240):
34% enteral nutrition, 5% parenteral nutrition
(PN), and 15% EN and PN together (Table VI).
79.6% and 90.5% of the patients with MR and
sMR received NT, respectively. 28.6% of the
patients with an initial NRS score <3 received
nutrition treatment during their follow-up, due to
in-hospital undernutrition. NT frequency was hi-
ghest in patients with dementia, and stroke (75.6
and 84.7%, respectively). 37.2% of malignan-
cy patients received EN during hospitalization.
PN (alone or in combination with EN) use was
highest among patients with stroke (50%), mali-
gnancy (31.1%), and dementia (30.5%).

NT resulted in a preserved or increased body
weight in 14% and 20.3%, respectively, of the
patients with MR (p<0.001). NT was also related
to increased serum albumin levels in 42% of the
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Table V. Univariate and multivariate analysis of factors related to in-hospital mortality.

Univariate Multivariate
P P OR (Cl)

High CRP (mg/L) <0.001 <0.001 1.005 (1.003-1.007)
Low serum albumin (g/dL) <0.001 <0.001 1.760 (1.340-2.320)
Ageing 0.11
Lower BMI (kg/m?) <0.001 0.04 1.030 (1.010-1.060)
Age >70° 0.7 0.34 -
Higher NRS? <0.001 - -
NRS-2002 >3¢ <0.001 0.027 1.883 (1.076-2.397)

CRP: C reactive protein, BMI: Body mass index, OR: Odds ratio, CI: Confidence interval. °: Age>70 was evaluated in
regression analyses, because it is also a parameter used in calculating NRS; ©: NRS>3 was evaluated in regression analyses

as an indicator of MR.

Table VI. Nutrition treatment of patients

All patients NRS-2002
% (n) NRS-2002 =5 NRS-2002 =3 NRS-2002 <3
No treatment 46 (2,759) 9.5% 20.4% 71.4%
EN 34 (2,043) 37.7% 46.5% 21.7%
PN 5(300) 12.1% 7.3% 2.7%
EN+PN 15 (897) 40.7% 25.8% 4.2%

EN: Enteral nutrition, PN: Parenteral nutrition.

patients with MR (p<0.001). Similarly, NT re-
sulted in preserved or increased body weight in
16%, and 17.5% of the patients with MR in the
geriatric group (p<0.001). The frequency of pa-
tients with weight gain was significantly higher in
younger patients (age <65 years) when compared
to geriatric patients (22.1 vs. 17.5%, p<0.001). NT
was associated with body weight gain in patients
with malignancy, dementia, and stroke (p=0.001;
p=0.04; p=0.03, respectively). In patients with ma-
lignancy during NT, serum albumin increase was
achieved independent from CRP change (p=0.01).

Discussion

Malnutrition is prevalent among hospitalized
patients and is associated with increased morbidi-
ty, mortality, costs, and longer hospital stays®!'®!!.
In this study, we presented the MR, sMR rates,
and associated in-hospital mortality at a universi-
ty hospital in Istanbul/Turkey, which is one of the
biggest in the country with over 1,000 beds. The
association between MR and mortality indicated
that monitoring, diagnosing, and treating malnu-
trition during hospitalization is important.

MR prevalence in hospitalized patients va-
ries according to the screening method and the

target population. The clinical use of NRS-2002
is widely accepted, especially for inpatients. Stu-
dies®? reported that the frequency of MR among
hospitalized patients in Europe is between 18-
45%. Higher prevalence of inpatient MR and
sMR (49.8% and 17.3%) in our data could be
related to our study being conducted in a tertiary
referral center. Malignancy-related anorexia-ca-
chexia is an important factor for MR. Dysphagia
caused by dementia and stroke contributes to MR
in hospitalized patients?*'. The geriatric age is
also an MR factor. The prevalence of MR or sMR
in the elderly was found to be higher compared to
younger patients with similar characteristics®*?*,
and thus age >70 years contributes an additional
score in NRS-2002 tool. Similarly, our results
showed that MR rates were higher in patients
with malignancy, dementia, and stroke. Also,
the elderly group had higher MR. In the young
geriatric group (65-69 age) MR, sMR were hi-
gher than in non-geriatric patients. Regardless of
the comorbidities, the association of geriatric age
with MR, clearly shows the relationship between
MR and being elderly.

NRS-2002 can predict short- and long-term
prognosis in hospitalized patients**-*. Secondary
analyses of the EFFORT study pointed out the effect
of MR on 30- and 180-day mortality”>. A higher
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NRS score was associated with a higher morta-
lity rate, with an HR of 1.2235. Another retro-
spective observational study? reported a doubled
mortality rate in those with MR (NRS>3) defined
at hospital admission. Similarly, we showed that
MR and sMR were closely related to in-hospital
mortality, which was also true for the geriatric
population. The latter is particularly important
because the validity of NRS 2022 for predi-
cting MR in elderly patients was reported to be
lower®. In addition, the association of MR with
in-hospital mortality, independent of age, reveals
the importance of screening for nutritional status
in all hospitalized patients.

According to our data, the highest in-hospital
mortality rate was in the malignancy patient
group. In a large series in the literature, in-patient
mortality in cancer patients has been reported
as 5.7%?". Our study was conducted in a tertiary
referral center, which might explain the higher
mortality rate of 14%. In another study®®, mal-
nutrition prevalence was higher in hospitalized
patients, especially in those with advanced mali-
gnancy, and malnutrition was associated with an
increased 6-month mortality rate (OR:2.7). For
these reasons, this independent relationship that
we have shown between MR, malignancy, and
in-hospital mortality is important.

Previous studies*** reported a 6-25% in-hospi-
tal mortality rate in CHF patients, which depends
on clinical severity and concurrent diseases. In
a meta-analysis*’ examining CHF patients, the
prevalence of malnutrition was 46%, and mal-
nutrition was associated with all-cause mortality
(HR 2.15). In our patient group, the in-hospital
mortality rate of the CHF patients was 10%, and
MR was found to be independently associated
with mortality. Therefore, similar to malignancy
patients, the assessment and treatment of malnu-
trition are important in this group, especially in
terms of in-hospital mortality.

The risks of malnutrition and further cachexia
in CKD patients (+/- RRT) are known. A re-
lationship between malnutrition and mortality
has been shown in patients receiving RRT, and
CKD patients (HR 3.03-1.4)*2. In our study, we
showed that MR, sMR were associated with
RRT and CKD. Also, in-hospital mortality was
quite high in these patients.

In-hospital mortality for patients with de-
mentia and stroke in our group were in parallel
with the literature (reported 10%, 7.9% re-
spectively)*#4. These problems are encountered
more frequently in geriatric age. The fact that

the highest MR, and sMR rates were in these
patients is a point that should be emphasized in
terms of in-hospital mortality.

MR is associated with lower serum albumin
and higher serum CRP, which was also similar
to our data. Moreover, serum albumin and CRP
show a negative correlation independent of the
nutrition treatment**%. This indicates the rela-
tionship between inflammation and nutritional
risk. As previously reported*”- lower albumin,
and higher CRP were associated with in-hospital
mortality also in our study. The significant rela-
tionship between NT, weight gain, and increase
in serum albumin, in our malignancy patients
might be due to multimodal NT (combinations
of enriched diet, enteral and parenteral nutrition,
according to the needs of the patients). This
may also indicate more prominent nutritional
deficiencies that affect albumin levels, apart
from the effect of underlying inflammation.
Considering the high in-hospital mortality, early
detection of MR, and initiation of NT seem im-
portant, especially in this patient group. Accor-
dingly, better nutritional status was associated
with lesser side effects and more successful
medical treatment in cancer patients*.

NT was related to significant weight gain in
our patients, especially in those with malignan-
cy, dementia, and stroke. Most of the patients
received combined NT, including personalized
diet and enteral nutrition, parallel to the sugge-
stion of ESPEN. As expected, PN was used less
in patients with CRF, CHF, and RRT, with high
volume overload risk. It should be emphasized
that the geriatric group gained less weight with
NT compared to younger patients. This might
be related to frailty, the severity of malnutrition,
other comorbidities, polypharmacy, dysphagia,
constipation, and anorexia of aging. Another
important point to be emphasized is that nearly
one-third of the patients who did not receive
NT because MR was not seen initially, needed
treatment during follow-up. In our study, we
neither evaluated parameters that distinguish
this patient group nor analyzed their prognosis.
This issue, and the adequacy of NT in geriatric
inpatients, as we emphasized above, should be
evaluated in further studies.

Our study showed MR prevalence and its
relationship with in-hospital mortality, in a rela-
tively high number of inpatients of a university
hospital in Istanbul, Turkey. Its retrospective
design and lack of data on long-term mortality
were the study’s main limitations.
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Conclusions

MR revealed with NRS-2002, is positive in ap-
proximately half of the hospitalized patients, which
is associated with in-hospital mortality indepen-
dent of the underlying diseases (also in geriatric
patients). During the follow-up of patients who do
not have MR initially, nutritional treatment needs
may arise. NT done using every aspect of the nutri-
tion support is related to weight gain, and increased
serum albumin independent from CRP.
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