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Abstract 

Background:  Nutritional status, which is associated with osteoporosis and muscle weakness is considered an impor-
tant factor in the management of acute osteoporotic vertebral fracture (AOVF). However, few reports have investi-
gated the nutritional status of hospitalized patients with AOVF and the impact of malnutrition on their functional 
prognosis. This study aimed to evaluate the nutritional status of hospitalized elderly patients with AOVF using the 
Controlling Nutritional Status (CONUT) score and to determine the usefulness of the CONUT score in predicting their 
functional prognosis.

Methods:  The CONUT score on admission was retrospectively calculated for 134 hospitalized elderly patients (mean 
age 83 ± 7.6 years, 66% female) with AOVF who received conservative treatment between 2017 and 2020. Functional 
outcome was assessed by comparing ambulatory ability before the onset of AOVF and upon discharge. Patients were 
divided into two groups: CONUT-high ( ≥ 4) and CONUT-low ( ≤ 3), according to receiver operating characteristic 
(ROC) analysis to predict decline in ambulatory ability upon discharge. Logistic regression analysis was performed 
to obtain odds ratios (OR) and 95% confidence intervals (CI) of the relationships between the nutritional status and 
ambulatory ability. The discriminative power of the CONUT score was then compared with other nutritional assess-
ment tools such as the Geriatric Nutritional Risk Index (GNRI) and prognostic nutritional index (PNI) by ROC analysis.

Results:  81% of hospitalized patients with an AOVF were malnourished at the time of admission. The CONUT-high 
group had a significantly higher rate of decline in ambulatory ability (P < 0.001) than the CONUT-low group. Logistic 
regression analysis revealed the CONUT score ( ≥ 4) as an independent risk factor for a decline in ambulatory abil-
ity (OR 3.44, 95% CI 1.61–7.37, P = 0.0014). ROC analysis showed that the area under the curve (AUC) for the CONUT 
score (AUC = 0.724) was significantly greater than that for the GNRI (AUC = 0.624, P = 0.021) and PNI (AUC = 0.636, 
P = 0.0008).

Conclusions:  This study showed that 81% of hospitalized elderly patients with AOVFs were malnourished and that 
the CONUT score was a useful predictive factor of functional prognosis.
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Introduction
Vertebral fractures are recognized as the most common 
osteoporotic fractures in elderly people, and the number 
of patients with osteoporotic vertebral fractures (OVF) 
is increasing with the aging population. Fragility frac-
tures, including OVFs, have been reported to be associ-
ated with frailty, sarcopenia, dysphagia, malnutrition and 
various complications such as COPD, especially in the 
elderly. Thus, fragility fractures in elderly patients require 
comprehensive intervention [1–3]. Among fragility frac-
tures, acute OVF (AOVF) causes pain, disability, a decline 
of activities of daily living (ADL), reduced Quality of Life 
(QoL) and an increased rate of mortality [4, 5]. Therefore, 
there is an increasing interest in the management for the 
treatment and prevention of AOVF. In addition, patients 
with AOVF which is common in the elderly, require not 
only treatment for OVF, but also various interventions to 
prevent complications, frailty, sarcopenia and malnutri-
tion. Nutritional status has been reported to be associ-
ated with osteoporosis, sarcopenia, and muscle loss [6, 
7], which have been recognized as risk factors for the 
development of AOVF and poor prognostic factors for 
the clinical outcome of elderly patients with AOVFs [8, 
9]. We hypothesize that nutritional status is an important 
factor affecting clinical outcomes in the management of 
patients with OVF. However, few reports have investi-
gated the nutritional status of patients with AOVFs and 
the impact of malnutrition on functional prognosis.

The Controlling Nutritional Status (CONUT) score 
is a tool that is used to screen and identify hospitalized 
patients with malnutrition [10]. The score is based on the 
patient’s serum albumin level, total cholesterol, and total 
lymphocyte count (TLC) and only requires common 
laboratory tests. CONUT score is one of the Objective 
Data Assessment (ODA) tools that consists of objective 
data provided from various analyses and allows exam-
iner-independent evaluation for nutritional status [11]. 
Gonzalez et  al showed that the CONUT score is highly 
correlated with Subjective Global Assessment (SGA), an 
established tool renowned for its reliable [12]. In addition 
to CONUT score, the Geriatric Nutritional Risk Index 
(GNRI) and prognostic nutritional index (PNI) were 
well-known as ODA tools [13, 14]. These tools were well 
considered in relation to the prognosis of cancer patients 
[15–17]. Recently there have been a growing number of 
reports on these tools in many clinical areas, and several 
studies have compared the usefulness of these tools [18, 
19]. However, few reports have demonstrated the use-
fulness of these tools in predicting functional prognosis 

of AOVF patients. The aim of this study was to evaluate 
the nutritional status of hospitalized elderly patients with 
AOVF using the CONUT score, and to determine the 
usefulness of the CONUT score in predicting their short-
term functional prognoses and compare its functional 
prognostic usefulness with the GNRI and PNI.

Materials and methods
Study patients
We retrospectively reviewed clinical data of 192 patients 
who were hospitalized for conservative treatment of 
AOVF between January 2017 and March 2020 at a sin-
gle center. The study was reviewed by Ethics Committee 
of Hyogo Medical University (Nishinomiya City, Japan) 
and approved on 20 June 2022 (ID number: 4112). All 
our experiments were performed in accordance with the 
Declaration of Helsinki, relevant guidelines and regula-
tions. All patients signed an informed consent agree-
ment. The inclusion criteria were as follows: patients 
aged 65 years or older; AOVF diagnosed by magnetic res-
onance imaging (MRI); fragility fracture without trauma 
or resulting from low-energy trauma, such as a fall from 
standing or sitting; and admission for severe lower back 
pain. Exclusion criteria included: required surgery due to 
a neurological deficit or nonunion following conserva-
tive treatment for OVF; pathological vertebral fracture; 
previous spinal surgery; concomitant non-spinal associ-
ated injury; a lack of radiographic and blood sampling 
data; and death during hospitalization. Anteroposterior 
and lateral radiographs and a 1.5T MRI were performed, 
and blood samples were taken on the day of admission or 
the following day. AOVF was diagnosed by MRI, which 
showed a hypointense area on T1-weighted imaging 
(T1WI) and hyperintense lesions on short T1 inversion 
recovery (STIR) imaging. The indication for admission 
was notable disability due to severe lower back pain. The 
conservative treatment protocol included bed rest for the 
first week, physical therapy, implementation of a soft or 
hard brace, evaluation for osteoporosis, and drug treat-
ment if indicated. The type of brace was determined by 
the patient or physician based on age, ADL, compliance, 
and medical comorbidities.

Measurements
All clinicopathological data were collected through the 
electronic medical record system. Demographic and 
laboratory measurements included age, sex, weight, 
body mass index (BMI), comorbidities, osteoporosis 
treatment, serum albumin, total cholesterol, TLC, and 
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hemoglobin (Hb). Radiographic measurements included 
level of AOVFs, the presence of multiple AOVFs and 
prevalent OVFs, lumbar lordosis (LL), and bone mineral 
density (BMD) by Dual-energy X-ray absorptiometry 
(DXA). AOVF was defined as a vertebral signal intensity 
change on T1WI or STIR, and prevalent OVF as a 15% 
height reduction of the front edge of the vertebral body 
with no signal intensity change on T1WI or STIR [20]. 
Two of the authors—spine surgeons with 7 and 16 years 
of experience—diagnosed the presence of AOVFs and 
prevalent OVFs.

The CONUT score and other nutritional assessment tools
The CONUT score was calculated based on serum albu-
min level, total cholesterol concentration, and TLC. The 
CONUT score is a sum of the scores based on the serum 
albumin (0, 2, 4 ,6), total cholesterol concentration, and 
TLC (0, 1, 2, 3, for each), and classified as normal, light, 
moderate, or severe for scores of 0-1, 2-4, 5-8 and 9-12, 
respectively (Table  1) [10]. GNRI and PNI were calcu-
lated as below: GNRI = 14.89 × serum albumin (g/dl) + 
{41.7 × (current/ideal body weight)}; PNI = 10 × serum 
albumin (g/dl) + 0.005 × TLC (/μl).

Outcome measurements
The primary outcome measure was level of ambulatory 
ability. Ambulatory ability was categorized into 5 lev-
els: level 1 (bedridden), level 2 (wheelchair use), level 3 
(walker use), level 4 (cane use), and level 5 (independent 
gait). Levels of ambulatory ability were evaluated before 
the onset of AOVF and upon discharge. Patient’s ambu-
latory ability just before the onset of pain due to AOVF 
was interviewed from patients with AOVF or their family 
members at the first examination. A decline in ambula-
tory ability was defined as a decrease of one or more lev-
els. Secondary outcome measures were complications 
during hospitalization, length of hospital stay, and rate of 
discharge to nursing home.

Statistical analysis
The statistical software JMP® 15 (SAS Institute Inc., 
Cary, NC, USA) was used for data analysis. P < 0.05 was 
considered statistically significant. Continuous vari-
ables were represented as mean and standard deviation 
(SD) or median (25th-75th quartile), and the categorical 
variables were presented as percentages and numeri-
cal values. Student’s t-test was used to analyze normally 
distributed variables, and the Mann-Whitney U test 
was used to analyze non-normal distributions. The chi-
squared test or Fisher’s exact test was used to analyze the 
categorical variables. The relationship between CONUT 
score and ambulatory ability was examined using logis-
tic regression models. Univariate analysis was performed 
to determine associated factors. Variables with P ≤ 0.1 in 
univariate analysis were used as covariates in the multi-
variate logistic regression analysis. Adjusted odds ratio 
(OR) with 95% confidence intervals (CI) are presented 
along with their respective P value. The receiver oper-
ating characteristic (ROC) analysis were performed to 
demonstrate the sensitivity and specificity of CONUT 
score, GNRI and PNI, and their cut-off values for predict-
ing the decline in ambulatory ability. The DeLong test 
was used to compare the area under the curve (AUC) of 
each nutritional assessment tool (CONUT, GNRI, PNI). 
A priori power analysis and sample size calculation were 
not conducted. However, a post hoc power analysis with 
α = 0.05 for the primary outcome comparison between 
CONUT low and high group was conducted, using Stata 
17.0 software (Stata Corporation, College Station, TX, 
USA).

Results
Figure 1 shown flow diagram of patients evaluated in the 
present study. Of the 192 patients that met the inclusion 
criteria in the present, 58 patients were removed due to 
the exclusion criteria for a total of 134 patients enrolled. 
Patient demographics and clinical characteristics are 
shown in Table 2. 89 patients were female, and the mean 
age was 83.5  ±  7.6 years. Of those patients who were 
enrolled, 112 (84%) had medical comorbidities including 
hypertension, diabetes, cardiovascular disease, dementia, 
chronic lung disease, and malignant disease. Only 15% of 
patients were receiving osteoporosis treatment. Accord-
ing to nutritional status, the median CONUT score was 
4 (2-6). Of the total 134 patients, 25 (15%), 56 (42%), 46 
(34%) and 7 patients (5%) were classified as normal, light, 
moderate, and severe, respectively (Fig  2). 109 patients 
(81%) were malnourished. The mean GNRI and PNI 
was 94.8  ±  14.8 and 39.6  ±  6.5, respectively. Patients 
were divided into two groups according to the optimal 
CONUT value of 4 by the ROC curve to predict a decline 

Table 1  Controlling Nutritional Status (CONUT) score calculation

Undernutrition Degree

Parameter Normal Light Moderate Severe

Serum Albumin (g/dl) 3.5–4.5 3.0–3.49 2.5–2.9 < 2.5

Score 0 2 4 6

Total lymphocytes (/mm3) > 1600 1200–1599 800–1199 < 800

Score 0 1 2 3

Cholesterol (mg/dl) > 180 140–180 100–139 < 100

Score 0 1 2 3

Screening total score 0–1 2–4 5–8 9–12
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in ambulatory ability. The CONUT-low group included 
patients with a CONUT score of 3 or less (n  =  58), 
and the CONUT-high group included patients with a 
CONUT score of 4 or more (n = 76). From a post hoc 
power analysis, total sample size of 58 in the CONUT 
low group and 76 in the CONUT high group in the pre-
sent study could achieve an adequate power 1-β 0.98 with 
an  α of 0.05.

Comparison of patients between the CONUT‑low group 
and the CONUT‑high group
The CONUT-high group was significantly older 
and had significantly lower BMI and Hb than the 
CONUT-low group. There were no significant differ-
ences in sex, comorbidities and osteoporosis treat-
ment (Table  2). Radiographic measurements showed 
that the presence of multiple AOVFs was significantly 
more common in the CONUT-high group than in 
the CONUT-low group (21% vs 9% P = 0.048). On 
the other hand, there was no significant difference 

in BMD between the CONUT-high and CONUT-
low groups (Table  2). In terms of clinical outcome, 
although there was no significant difference in length 
of hospital stay, the CONUT-high group had a sig-
nificantly higher rate of decline in ambulatory ability 
(67% vs. 33% P < 0.001), a significantly higher rate of 
complications during hospitalization (39% vs. 21% P 
= 0.019), and a significantly higher rate of discharge 
to nursing home (42% vs. 14% P < 0.001) than the 
CONUT-low group (Table 3).

Risk factor analysis associated with decline in ambulatory 
ability
In univariate analysis, the CONUT-high group ( ≥ 4) 
was associated with the decline in ambulatory ability 
(OR 4.18, 95% CI 2.02-8.67, P < 0.001) (Table 4). Osteo-
porosis treatment, complications during hospitalization, 
and multiple AOVFs were identified as cofactors associ-
ated with decreased ambulatory ability. The multivariable 
logistic regression analysis revealed that the CONUT 

Table 2  Differences in clinical characteristics and radiographic measurement

CONUT, Controlling Nutritional Status, BMI, body mass index, Hb, hemoglobin, AOVFs, acute osteoporotic vertebral fractures, OVFs, osteoporotic vertebral fractures, 
BMD, bone mineral density

* P-value < 0.05 statistically significant difference

CONUT

All patients
(n = 134)

Low ( ≤ 3)
n = 58

High ( ≥ 4)
n = 76

P-value

Age, years W 83.5 ± 7.6 81.9 ± 7.4 84.7 ± 7.7 0.042*

Sex (n, % female) 89 (66) 42 (72) 47 (62) 0.20

BMI (kg/m2) 20.8 ± 4.3 22.7 ± 5.0 19.3 ± 3.7 < 0.001*

Comorbidities (%) 112 (84) 46 (79) 66 (87) 0.25

    Hypertension 60 (45) 31 (53) 29 (38) 0.078

    Diabetes 25 (19) 9 (16) 16 (21) 0.41

    Cardiovascular disease 23 (17) 9 (16) 14 (18) 0.66

    Dementia 23 (17) 8 (14) 15 (20) 0.36

    Cerebrovascular disease 10 (7) 3 (5) 7 (9) 0.37

Malignant disease 9 (7) 3 (5) 6 (8) 0.53

Chronic lung disease 8 (6) 3 (5) 5(7) 0.73

Osteoporosis treatment (%) 20 (15) 11 (19) 9 (12) 0.25

Hb (g/dl) 11.67 ± 1.92 12.57 ± 1.67 10.96 ± 1.82 < 0.001*

Albumin (g/dl) 3.38 ± 0.57 3.80 ± 0.29 3.05 ± 0.52 < 0.001*

Total lymphocyte cells (/mm3) 1183.7 ± 538.2 1394.8 ± 561.9 1022.7 ± 461.5 < 0.001*

Total cholesterol (mg/dl) 174.9 ± 41.3 199.9 ± 37.2 155.8 ± 33.4 < 0.001*

Level of AOVF, n (%)

    T10- 21 (16) 9 (16) 12 (16) 0.97

    L1-T11 66 (49) 27 (47) 39 (51) 0.58

    L2-5 60 (45) 25 (43) 35 (46) 0.73

Multiple AOVFs, n (%) 21 (16) 5 (9) 16 (21) 0.048*

Prevalent OVFs, n (%) 58 (43) 20 (34) 38 (50) 0.071

Lumbar Lordosis (°) 35.6 ± 14.2 36.5 ± 14.6 35.1 ± 13.9 0.54

BMD (g/cm2) 0.81 ± 0.14 0.83 ± 0.17 0.77 ± 0.084 0.61



Page 5 of 9Yamaura et al. BMC Geriatrics         (2022) 22:1002 	

score ( ≥ 4) was the independent risk factor associated 
with the decline in patient ambulatory ability (OR 3.44, 
95% CI 1.61-7.37, P = 0.0014) (Table 4).

Comparison of performance with CONUT score, GNRI 
and PNI to predict ambulatory ability
Finally, ROC curves for CONUT score, GNRI, and PNI 

Fig. 1   Flow diagram of patients evaluated in the present study. AOVF, acute osteoporotic vertebral fracture; MRI, magnetic resonance imaging; 
CONUT, Controlling Nutritional Status

Fig. 2   Distribution and classification of the CONUT score. CONUT, Controlling Nutritional Status
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were plotted to compare the prognostic value of the 
decline in ambulatory ability (Fig.  3). The optimal cut-
off values for CONUT score, GNRI, and PNI for ambu-
latory ability were 4 (sensitivity = 72.9% and specificity 
= 61.0%, P < 0.001), 92.9 (sensitivity = 58.6 and speci-
ficity = 68.6%, P = 0.025), and 39.6 (sensitivity = 64.3% 
and specificity = 71.7%, P = 0.0077), respectively. The 
CONUT score performed significantly better than GNRI 
(AUC 0.724 vs 0.624, P = 0.021) and PNI (AUC 0.724 vs 
0.624, P <   0.001) in predicting a decline in ambulatory 
ability. On the other hand, there were no significant dif-
ferences in performance between GNRI and PNI (AUC 
0.624 vs 0.639, P = 0.66) (Table 5).

Discussion
In this study, 81% of hospitalized patients with AOVF 
were malnourished. The CONUT-high group (mal-
nourished patients) had more multiple AOVFs, more 

complications during hospitalization, and a higher rate 
of decline in ambulatory ability. The results showed that 
CONUT score is an independent risk factor associated 
with reduced ambulatory ability and had better perfor-
mance in predicting the decline of ambulatory ability 
than GNRI and PNI.

The prevalence of malnutrition in OVF has been 
reported to be 36.4−61% [21, 22]. Nagai et al have inves-
tigated the nutritional status of OVF patients using GNRI 
and reported that 36.4% of patients with OVF were mal-
nourished and that GNRI had a positive impact on ADL 
[21]. However, multiple AOVFs and prevalent OVFs 
were excluded from this study, and MRI was not used 
to diagnose OVF. These may have influenced the nutri-
tional status and clinical outcome. On the other hand, 
81% of patients enrolled in the study were malnourished. 
There were more malnourished patients compared to 
previous reports. The reason for this may be because 

Table 3  Comparison of clinical outcomes between CONUT score low and high group

CONUT, Controlling Nutritional Status

* P-value < 0.05 statistically significant difference

CONUT

All patients
(n = 134)

Low ( ≤ 3)
n = 58

High ( ≥ 4)
n = 76

P-value

Decline in ambulatory ability (%) 70 (52) 19 (33) 51 (67) < 0.001*

Length of stay in hospital, day 39.5 ± 25.4 37.2 ± 24.5 41.4 ± 26.2 0.33

Discharge to nursing home (%) 40 (30) 8 (14) 32 (42) < 0.001*

Complications during hospitalization (%) 42 (31) 12 (21) 30 (39) 0.019*

    Delirium 21 (16) 6 (10) 15 (20) 0.13

    Pneumonia 10 (7) 3 (5) 7 (9) 0.37

    Urinary tract infection 7 (5) 3 (5) 4 (5) 0.98

Table 4  Univariate and multivariate analysis of factors associated between CONUT score and decline in ambulatory ability

CONUT, Controlling Nutritional Status, BMI, body mass index, Hb, hemoglobin, AOVFs, acute osteoporotic vertebral fractures, OVFs, osteoporotic vertebral fractures, 
BMD, bone mineral density, OR, odds ratio, CI, confidence interval* P-value < 0.05 statistically significant difference

Univariate analysis Multivariate analysis

OR 95% CI P-value OR 95% CI P-value

Age, years 2.49 0.38–16.3 0.345

Sex, female 1.60 0.77–3.32 0.20

BMI 0.37 0.05–2.52 0.30

Comorbidities 1.11 0.45–2.78 0.82

Osteoporosis treatment 0.33 0.12–0.93 0.030* 0.42 0.14–1.25 0.68

Complications 2.38 1.11–5.10 0.023* 1.86 0.82–4.22 0.12

Hb (g/dl) 0.28 0.03–2.31 0.23

Multiple AOVFs 3.50 1.20–10.2 0.014* 2.61 0.85–8.02 0.14

Prevalent OVFs 1.09 0.55–2.16 0.81

Lumbar lordosis 2.13 0.31–14.5 0.44

BMD 0.56 0.11–2.74 0.48

CONUT score ≥ 4 4.18 2.02–8.67 < 0.001* 3.44 1.61–7.37 0.0014*
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the cohort focused on hospitalized patients with AOVFs 
and included patients with multiple AOVFs. Nutri-
tional status has been reported to be associated with 
osteoporosis and osteoporotic fractures. Previous stud-
ies have reported that malnourished patients were 2.09 
times more likely to develop osteoporosis and 1.28 times 
more likely to experience fracture [6, 23]. In this study, 

the CONUT-high group had significantly more multi-
ple AOVFs than the CONUT-low group. However, there 
was no significant difference in the BMD between the 
CONUT-low and CONUT-high groups. The discrep-
ancy may be due in part to the inaccuracy of DXA due 
to degenerative changes in the vertebrae and the effects 
of OVF.

In terms of association between nutritional status and 
functional prognosis, some studies have reported that 
nutritional status is a risk factor for ADL decline in the 
elderly. Malnutrition was reported in 30-50%  of geriat-
ric rehabilitation patients and 87.6%  of patients admit-
ted to acute care hospitals, and in both cases, patients’ 
nutritional status was significantly associated with lower 
ADL [24, 25]. Similar results in OVF patients were also 
reported. Previous retrospective studies have shown that 
the nutritional status of OVF patients evaluated with 
nutritional assessment tools such as GNRI and Mini 
Nutritional Assessment (MNA) was associated with the 
Barthel Index [21, 22]. In our series, 67% of patients in 
the CONUT-high ( ≥ 4) group experienced a decline in 
ambulatory ability, and CONUT score was an independ-
ent prognostic factor for decreased ambulatory ability 
upon discharge. Malnutrition leads to decreased mus-
cle mass and body cell mass, resulting in sarcopenia and 

Fig. 3   Comparison of receiver operating characteristic (ROC) curve for the decline in ambulatory ability. CONUT, Controlling Nutritional Status; 
GNRI, Geriatric Nutritional Risk Index; PNI, prognostic nutritional index

Table 5  Comparing the areas under ROC curves of nutritional 
assessment tools for decline in ambulatory ability

ROC, Receiver operating characteristic, AUC​, area under the curve, CONUT, 
Controlling Nutritional Status, GNRI, Geriatric Nutritional Risk Index, PNI, 
prognostic nutritional index

* P-value < 0.05 statistically significant difference

Variables AUC​ 95% CI P-value

CONUT 0.724 0.631-0.800 < 0.001*

GNRI 0.624 0.515–0.723 0.025 *

PNI 0.636 0.536–0.727 0.0077 *

Variables Differ-
ences between 
areas

95% CI P-value

CONUT - GNRI 0.0993 0.0148–0.184 0.021*

CONUT - PNI 0.0873 0.0227–0.152 < 0.001*

GNRI - PNI -0.012 -0.066-0.0417 0.66
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reduced physical function [26]. Furthermore, malnutri-
tion has been reported to be a risk factor for osteoporosis 
and falling in patients with OVF [6], and subsequent frac-
tures and further ADL decline are a concern. Our results 
suggest that nutritional status may affect functional prog-
nosis of hospitalized patients with AOVF.

In addition to CONUT score, GNRI, and PNI, various 
nutrition assessment tools such as SGA and MNA have 
been validated [27, 28]. However, the ideal tool to evalu-
ate nutritional status in elderly patients is controversial. 
It is impossible to calculate SGA and MNA when certain 
examinations and medical interviews are not conducted 
by healthcare professional. In addition, SGA has also 
been reported to have low inter-rater reliability (13%), 
suggesting that assessment tools such as SGA and MNA 
may be biased [29]. By contrast, ODA such as CONUT 
score, GNRI, and PNI are automatically calculated using 
objective values. Therefore, there is no need to consider 
inter-rater reliability. Because ODA does not require a 
medical interview, it is possible to assess the nutritional 
status of patients with dementia, which is often comor-
bid with AOVF in elderly patients. CONUT scores of 
patients with heart failure [18] and stroke [30] have been 
reported to be associated with functional prognosis. In a 
previous prospective study, Kojima et al reported that the 
CONUT score of patients with heart failure was an inde-
pendent prognostic factor for the Barthel Index, how-
ever GNRI, PNI, and MNA had no relationship with the 
Barthel Index [18]. In our series, AUC of CONUT score, 
GNRI, and PNI for predicting the decline in ambulatory 
ability were 0.724, 0.624 and 0.636, respectively, and the 
CONUT score performed significantly better at predict-
ing the ambulatory ability of hospitalized elderly patients 
with AOVFs. CONUT score includes total cholesterol 
in the parameter, unlike GNRI and PNI. Low cholesterol 
levels have been considered a reflection of protein energy 
malnutrition leading to low lipoprotein and ultimately 
sarcopenia and loss of muscle mass [31]. Therefore, the 
CONUT score is more likely to reflect functional prog-
nosis than GNRI or PNI.

In terms of complications during hospitalization, Yagi 
et al showed that the CONUT score was associated with 
postoperative complications after hip fracture surgery 
[32]. Although this study focused on conservative AOVF 
treatment, the CONUT-high group had significantly 
more complications than the CONUT-low group, which 
is consistent with Yagi’s suggestion.

There are some limitations to this study. First, this 
study included only hospitalized patients with sig-
nificant disability due to severe low back pain, and the 
study cohort may be biased toward patients with low 
ADLs. Therefore, our findings may not be applicable to 
the entire AOVF patient population. Second, there were 

insufficient data on the treatment of osteoporosis in this 
study, and details on the type of braces and physical ther-
apy used under conservative treatment. Third, we did not 
have enough data regarding living environment, such as 
number of family members, whether or not people were 
living together, the presence or absence of stairs in the 
home, which could affect clinical outcomes. Fourth, we 
did not assess sarcopenia and muscle loss, and could not 
evaluate their effect on nutritional status and clinical out-
come. Fifth, the present study excluded 51 of 192 cases 
due to lack of data. This may have influenced our results. 
Finally, the design of present study is monocentric and 
retrospective observational study. Systematic errors (e.g., 
selection bias) are present to some degree in the results 
and our findings may not be generalized. Therefore, pro-
spective muti-center study or prospective intervention 
studies are desirable in the future.

In conclusion, the current study demonstrated that 
81% of hospitalized elderly patients with AOVFs were 
malnourished based on CONUT score. The CONUT 
score was an independent risk factor associated with the 
decline in ambulatory ability upon discharge and had 
better predictive performance for decreased ambulatory 
ability than other nutritional assessment tools. Our find-
ings suggest that nutritional assessment using CONUT 
score may be important for improving functional prog-
nosis after AOVFs. Further research is needed on the 
impact of nutritional support interventions on elderly 
patients with AOVFs.

Acknowledgements
The authors want thank Jiro Takeuchi (JT) for his valuable advice on statistical 
analysis.

Authors’ contributions
TY contributed to conceptualize, collect, and interpret the clinical data, and 
wrote the manuscript. FA were involved in conceptualization, collecting the 
clinical data and statistical analysis. KM, KK, NY, TK, FI and TT interpreted the 
clinical data, and revised the manuscript critically for important content. All 
authors read and approved the final manuscript.

Funding
The authors received no financial support for the research, authorship, or 
publication of this article.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was reviewed by the institutional ethics committee of Hyogo Medi-
cal University (Nishinomiya City, Japan) and approved on 20 June 2022 (ID 
number: 4112). Our all experiments were performed in accordance with the 
Declaration of Helsinki, relevant guidelines and regulations. All patients signed 
an informed consent agreement.

Consent for publication
Not applicable.



Page 9 of 9Yamaura et al. BMC Geriatrics         (2022) 22:1002 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Orthopaedic Surgery, JCHO Osaka Minato Central Hospital, 
Osaka, Japan. 2 Department of Orthopaedic Surgery, Hyogo Medical University, 
1‑1 mukogawa‑cho, Nishinomiya, Hyogo, Japan. 

Received: 6 September 2022   Accepted: 19 December 2022

References
	1.	 de Sire A, Ferrillo M, Lippi L, Agostini F, de Sire R, Ferrara PE, et al. Sarco-

penic Dysphagia, Malnutrition, and Oral Frailty in Elderly: A Comprehen-
sive Review. Nutrients. 2022;14(5):982.

	2.	 Lippi L, Folli A, Curci C, D’Abrosca F, Moalli S, Mezian K, et al. Osteosarco-
penia in Patients with Chronic Obstructive Pulmonary Diseases: Which 
Pathophysiologic Implications for Rehabilitation? Int J Environ Res Public 
Health. 2022;19(21):14314.

	3.	 Tembo MC, Holloway-Kew KL, Mohebbi M, Sui SX, Hosking SM, Brennan-
Olsen SL, et al. The association between a fracture risk tool and frailty: 
Geelong Osteoporosis Study. BMC Geriatr. 2020;20(1):196.

	4.	 Suzuki N, Ogikubo O, Hansson T. The course of the acute vertebral body 
fragility fracture: its effect on pain, disability and quality of life during 12 
months. Eur Spine J. 2008;17(10):1380–90.

	5.	 Kado DM, Browner WS, Palermo L, Nevitt MC, Genant HK, Cummings 
SR. Vertebral fractures and mortality in older women: a prospective 
study. Study of Osteoporotic Fractures Research Group. Arch Intern Med. 
1999;159(11):1215–20.

	6.	 Torres MJ, Féart C, Samieri C, Dorigny B, Luiking Y, Berr C, et al. Poor 
nutritional status is associated with a higher risk of falling and fracture 
in elderly people living at home in France: the Three-City cohort study. 
Osteoporos Int. 2015;26(8):2157–64.

	7.	 Papadopoulou SK, Papadimitriou K, Voulgaridou G, Georgaki E, Tsotidou 
E, Zantidou O, et al. Exercise and Nutrition Impact on Osteoporosis and 
Sarcopenia-The Incidence of Osteosarcopenia: A Narrative Review. Nutri-
ents. 2021;13(12).

	8.	 Iida H, Sakai Y, Watanabe T, Matsui H, Takemura M, Matsui Y, et al. Sarco-
penia affects conservative treatment of osteoporotic vertebral fracture. 
Osteoporos Sarcopenia. 2018;4(3):114–7.

	9.	 Hida T, Shimokata H, Sakai Y, Ito S, Matsui Y, Takemura M, et al. Sarcopenia 
and sarcopenic leg as potential risk factors for acute osteoporotic verte-
bral fracture among older women. Eur Spine J. 2016;25(11):3424–31.

	10.	 Ignacio de Ulibarri J, Gonzalez-Madrono A, de Villar NG, Gonzalez P, Gon-
zalez B, Mancha A, et al. CONUT: a tool for controlling nutritional status. 
First validation in a hospital population. Nutr Hosp. 2005;20(1):38–45.

	11.	 Hamada Y. Objective Data Assessment (ODA) Methods as Nutritional 
Assessment Tools. J Med Invest. 2015;62(3–4):119–22.

	12.	 González-Madroño A, Mancha A, Rodríguez FJ, Culebras J, de Ulibarri JI. 
Confirming the validity of the CONUT system for early detection and 
monitoring of clinical undernutrition: comparison with two logistic 
regression models developed using SGA as the gold standard. Nutr Hosp. 
2012;27(2):564–71.

	13.	 Bouillanne O, Morineau G, Dupont C, Coulombel I, Vincent JP, Nicolis I, 
et al. Geriatric Nutritional Risk Index: a new index for evaluating at-risk 
elderly medical patients. Am J Clin Nutr. 2005;82(4):777–83.

	14.	 Onodera T, Goseki N, Kosaki G. [Prognostic nutritional index in gastro-
intestinal surgery of malnourished cancer patients]. Nihon Geka Gakkai 
Zasshi. 1984;85(9):1001–5.

	15.	 Kheirouri S, Alizadeh M. Prognostic Potential of the Preoperative Control-
ling Nutritional Status (CONUT) Score in Predicting Survival of Patients 
with Cancer: A Systematic Review. Adv Nutr. 2021;12(1):234–50.

	16.	 Lidoriki I, Schizas D, Frountzas M, Machairas N, Prodromidou A, Kapelou-
zou A, et al. GNRI as a Prognostic Factor for Outcomes in Cancer Patients: 
A Systematic Review of the Literature. Nutr Cancer. 2021;73(3):391–403.

	17.	 Sun K, Chen S, Xu J, Li G, He Y. The prognostic significance of the prognos-
tic nutritional index in cancer: a systematic review and meta-analysis. J 
Cancer Res Clin Oncol. 2014;140(9):1537–49.

	18.	 Kojima I, Tanaka S, Otobe Y, Suzuki M, Koyama S, Kimura Y, et al. What 
is the optimal nutritional assessment tool for predicting decline in the 
activity of daily living among older patients with heart failure? Heart Ves-
sels. 2022.

	19.	 Acarbaş A, Baş NS. Which Objective Nutritional Index Is Better for the Pre-
diction of Adverse Medical Events in Elderly Patients Undergoing Spinal 
Surgery? World Neurosurg. 2021;146:e106-e11.

	20.	 Lenski M, Büser N, Scherer M. Concomitant and previous osteoporotic 
vertebral fractures. Acta Orthop. 2017;88(2):192–7.

	21.	 Nagai T, Uei H, Nakanishi K. Association Among Geriatric Nutritional Risk 
Index and Functional Prognosis in Elderly Patients with Osteoporotic 
Vertebral Compression Fractures. Indian J Orthop. 2022;56(2):338–44.

	22.	 Takahashi K, Kubo A, Ishimura K, Fukui T, Tamura T. Correlation among 
sarcopenia, malnutrition and activities of daily living in patients with 
vertebral compression fractures: a comparison based on admission 
and discharge parameters evaluating these conditions. J Phys Ther Sci. 
2018;30(12):1401–7.

	23.	 Salminen H, Sääf M, Johansson SE, Ringertz H, Strender LE. Nutritional sta-
tus, as determined by the Mini-Nutritional Assessment, and osteoporosis: 
a cross-sectional study of an elderly female population. Eur J Clin Nutr. 
2006;60(4):486–93.

	24.	 Hettiarachchi J, Reijnierse EM, Soh CH, Agius B, Fetterplace K, Lim WK, 
et al. Malnutrition is associated with poor trajectories of activities of daily 
living in geriatric rehabilitation inpatients: RESORT. Mech Ageing Dev. 
2021;197:111500.

	25.	 Wakabayashi H, Sashika H. Malnutrition is associated with poor rehabilita-
tion outcome in elderly inpatients with hospital-associated decondition-
ing a prospective cohort study. J Rehabil Med. 2014;46(3):277–82.

	26.	 Cederholm T, Barazzoni R, Austin P, Ballmer P, Biolo G, Bischoff SC, et al. 
ESPEN guidelines on definitions and terminology of clinical nutrition. Clin 
Nutr. 2017;36(1):49–64.

	27.	 Guigoz Y, Vellas B, Garry PJ. Assessing the nutritional status of the elderly: 
The Mini Nutritional Assessment as part of the geriatric evaluation. Nutr 
Rev. 1996;54(1 Pt 2):59–65.

	28.	 Detsky AS, McLaughlin JR, Baker JP, Johnston N, Whittaker S, Mendelson 
RA, et al. What is subjective global assessment of nutritional status? JPEN 
J Parenter Enteral Nutr. 1987;11(1):8–13.

	29.	 Steenson J, Vivanti A, Isenring E. Inter-rater reliability of the Subjec-
tive Global Assessment: a systematic literature review. Nutrition. 
2013;29(1):350–2.

	30.	 Kokura Y, Kimoto K, Okada Y, Kawakita S. The Controlling Nutritional Sta-
tus score as a functional prognostic marker in patients with acute stroke: 
A multicenter retrospective cohort study. Nutrition. 2020;79–80:110889.

	31.	 Omran ML, Morley JE. Assessment of protein energy malnutrition in older 
persons, Part II: Laboratory evaluation. Nutrition. 2000;16(2):131–40.

	32.	 Yagi T, Oshita Y, Okano I, Kuroda T, Ishikawa K, Nagai T, et al. Controlling 
nutritional status score predicts postoperative complications after hip 
fracture surgery. BMC Geriatr. 2020;20(1):243.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	The Impact of Controlling Nutritional Status (CONUT) score on functional prognosis in hospitalized elderly patients with acute osteoporotic vertebral fractures
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Study patients
	Measurements
	The CONUT score and other nutritional assessment tools
	Outcome measurements
	Statistical analysis

	Results
	Comparison of patients between the CONUT-low group and the CONUT-high group
	Risk factor analysis associated with decline in ambulatory ability
	Comparison of performance with CONUT score, GNRI and PNI to predict ambulatory ability

	Discussion
	Acknowledgements
	References


